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Abstract 

     The real-world implementation of maximum power point tracking (MPPT) controllers for 

photovoltaic (PV) systems remains a significant issue for researchers working in this field. 

Before implementing their MPPT algorithms, they frequently employ simulation tools to 

evaluate their performance. In this regard, the purpose of this work is to offer a reliable 

simulation of a PV system constructed using Proteus software. The proposed PV simulator can 

be used to verify and assess the performance of MPPT algorithms with a closer approximation 

to the real implementation. The key advantage of this model is that it has a real microcontroller, 

as can be found in reality, so that the same code for the MPPT algorithm used in simulation will 

be used in real implementation. In this work, P&O algorithm is presented. The goal is to obtain 

maximum power using dc dc boost converter. 

 Keywords: boost converter ; perturbation and observation(P&O) ; MPPT algorithm; PV 

System. 

 

Résumé 

     La mise en œuvre dans le monde réel des contrôleurs de suivi du point de puissance 

maximale (MPPT) pour les systèmes photovoltaïques (PV) reste un problème important pour 

les chercheurs travaillant dans ce domaine. Avant de mettre en œuvre leurs algorithmes MPPT, 

ils utilisent fréquemment des outils de simulation pour évaluer leurs performances. À cet égard, 

le but de ce travail est d'offrir une simulation fiable d'un système PV construit à l'aide du logiciel 

Proteus. Le simulateur PV proposé peut être utilisé pour vérifier et évaluer les performances 

des algorithmes MPPT avec une approximation plus proche de la mise en œuvre réelle. 

L'avantage clé de ce modèle est qu'il dispose d'un véritable microcontrôleur, comme on peut en 

trouver dans la réalité, de sorte que le même code pour l'algorithme MPPT utilisé en simulation 

sera utilisé dans l'implémentation réelle. Dans ce travail, l’algorithme P&O est présenté. 

L'objectif est d'obtenir une puissance maximale en utilisant un convertisseur dc dc boost. 

Mots-clés : convertisseur boost ; perturbation et observation(P&O) ; Algorithme MPPT ; 

Système photovoltaïque. 

 

https://www.mdpi.com/search?q=MPPT+algorithm
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General introduction  

 Because of the widespread usage of fossil fuels, pollution of the environment is also a big 

issue today. Renewable energy technologies have the ability to meet global energy demand 

while reducing pollution and saving the environment. It is well recognized that among 

renewable energy sources, solar energy is the most promising and reliable.  There are various 

thermodynamics processes for converting solar energy into energy forms acceptable for human 

purposes. In general, solar energy conversion can provide heat, kinetic energy, electric energy, 

and chemical energy[1]. 

The output characteristics of a PV module are heavily dependent on the solar radiation 

reaching the PV module's active surface and the PV module's cell temperature. Furthermore, 

these characteristics have a changeable character based on latitude, solar field direction, season, 

and hour of day. In other words, the properties of PV panels are determined by the parameters 

that change throughout the day. These characteristics, notably the power, admit a point 

corresponding to the maximum power, i.e. the optimum operating point, which is indicated by 

the abbreviation MPP (maximum power point). A converter is used to continuously locate and 

track the MPP on the curve PV[2]. 

This dissertation is organised into four chapters after a general introduction. 

The first chapter is focused on Photovoltaic system and their different types. Which explains 

how photovoltaic cell works and study the influence of irradiance and temperature on a PV 

module. 

 The second chapter is devoted to the converters, in particular the boost converter used in 

this work. Then, it also presents the principle of finding the maximum power point "MPPT" 

with a few methods, like the incremental conductance algorithm, the perturb and observe 

method.  

In the third chapter, we present the circuit equivalent to the solar cell. After, the simulation 

of the PV system with the software “Proteus” is presented. After, the simulation of MPPT 

technique using P&O method is done. 

The fourth chapter presents the work of the realization of the boost converter which is 

controlled by the ARDUINO programmable card. The practical test on PV system by method 

of the MPPT command: "P&O" is done. 
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1.1 Introduction 

 The low energy conversion efficiency of photovoltaic cells is one of the main issues with 

using photovoltaic systems, and additionally, during the lengthy operational period of solar 

cells, their energy conversion efficiency decreases even more due to an increase in operating 

cell temperature over a certain limit. Maintaining a low operating temperature by cooling a 

solar system while it is in use is one technique to increase its efficiency[3]. When compared to 

other sources, energy generation from photovoltaic systems can be generated in an easy manner. 

As compared to other systems, the number of separate components employed in solar PV 

systems is quite low[4]. In this chapter, the study of Photovoltaic system and their different 

types is presented. Next, the working of photovoltaic cell is explained. 

1.2 Cells, modules, panel and arrays 
The figure 1.1 below shows the cell,module,panel and array. 

 

 

Figure 1.1: cell, panel, module, array. 

                                        

• A photovoltaic module is a structure in which several solar cells are placed and 

connected in series or parallel. 

• Photovoltaic panels include one or more PV modules assembled as a pre-wired, field-

installable unit.  

• An array can be created by connecting a number of modules or panels together. 
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To generate the desired voltage and current, modules can be connected electrically in both 

parallel and series configurations. 

Amorphous silicon, polycrystalline silicon, and monocrystalline silicon are the three types 

of crystals that can be used to classify silicon-based solar cells. 

The figure 1.2 below shows the characteristics of solar cell. 

 

Figure 1.2: IV and PV characteristics of solar panel. 

1.3 Solar cells 

         A solar cell is a type of electrical device that converts light energy directly into electrical 

energy using the photovoltaic effect. The generation of voltage or current in a material as a 

result of exposure to sunlight is known as the photovoltaic effect. Without any external voltage 

source connected, the solar cells can generate electric current[3]. 

The figure 1.3 below shows the structure of the solar cell. 

 

Figure 1.3: solar cell.                                                 
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 1.3.1 Illustration of photovoltaic cell operation. 

   The most popular semiconductor for PV cells is silicon, a group IV element. There are also 

other materials that come from a mixture of group III and group V or group II and group VI. 

GaAs (Gallium Arsenide), GaP (Gallium Phosphide), AlAs (Aluminium Arsenide), AlP 

(Aluminium Phosphide), and InP are examples of compound semiconductors. Doping is a 

method that changes the conduction properties of pure semiconductors to create p-type and n-

type materials. Combining p-type and n-type semiconductors forms a PV cell. 

For instance, (the conduction band is the lowest range of electron energy in which they are 

free to move, and the valence band is the highest range of electron energy in which they are 

not). The energy gap for silicon is 1.12 eV. Accordingly, photons with energies of 1.12 eV or 

above will result in cell current, but photons with energies below 1.12 eV will pass through 

unabsorbed. A hole forms in the valence band as a result of an electron being lifted from the 

valence band to the conduction band. The free electrons in the conduction band and holes in the 

valence band are responsible for the current flow, when the PV cell is connected across a 

load[5]. 

1.3.2 Types of solar photovoltaic cells 

1.3.2.1 Monocrystalline 

        Monocrystalline silicon cells are built of pure monocrystalline silicon. The silicon in 

these cells has a single continuous crystal lattice structure with nearly no flaws or impurities. 

Monocrystalline cells' main advantage is its high efficiency, which is typically around 15%. 

The downside of these cells is that they require a complex manufacturing procedure to create 

monocrystalline silicon, which results in slightly higher costs than those of other technologies. 

The PV modules have lengthy lifespans thanks to the well-established crystalline silicon cell 

technology. (20 years or more).  

1.3.2.2 Multicrystalline  

              Multi crystalline silicon is a less expensive material that avoids the costly and energy-

intensive crystal formation process. Numerous grains of monocrystalline silicon are used to 

create multi crystalline cells. Molten Multicrystalline silicon is cast into ingots during the 

production process, which are then sliced into extremely thin wafers and integrated into whole 

cells. Due to the less complicated manufacturing method needed, multi crystalline cells are less 

expensive to create than monocrystalline ones. However, they are marginally less effective, 

with efficiencies ranging around 12%. 
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1.3.2.3 Amorphous silicon cells 

                In general, the main difference between these cells and the ones previously stated above 

is that amorphous silicon cells are made up of silicon atoms in a thin uniform layer as opposed 

to having a crystalline structure. Additionally, amorphous silicon, commonly referred to as thin 

film PV technology, absorbs light more effectively than crystalline silicon, resulting in thinner 

cells. The fact that amorphous silicon can be placed on a variety of substrates, both rigid and 

flexible is greatest advantage. Their efficiency is low, ranging about 6%, which is a 

drawback[6]. 

The figure 1.4 below shows different types of silicon solar cells. 

 

Figure 01.4: monocrystalline, polycrystalline and amorphous solar cells. 

                  

1.4 Photovoltaic encapsulation 

         The need for support and protection of the solar cells is critical given their fragility. A solar 

cell module typically consists of the support mechanism, the substrate, the superstrate, and the 

cells themselves coated in an encapsulant. Depending on the substance used, there are various 

encapsulation techniques, including the most popular one, lamination encapsulation, resin 

transfer, silicon encapsulation, and vacuum bagging[7]. The encapsulant material adheres 

firmly to all surfaces, mechanically binding the components into a laminate. The encapsulants 

should be able to inhibit leakage currents caused by rain or dew wetting by having a high level 

resistivity to avoid potential induced degradation[8]. Encapsulation is required to shield solar 

cells from moisture and other outside elements while maintaining electrical and optical 

transitivity. It also increases the longevity and reliability of the cells[9]. 
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The figure 1.5 below shows the encapsulation of solar cells. 

 

Figure 01.5: Solar cell encapsulation.  

  

1.5 Factors affecting performance of PV Systems  

         Numerous factors affect a PV module's outdoor performance. Some of these problems are 

caused by the module itself, while others are because of the environment and location. Among 

these are solar radiation, module temperature, shading, soiling. 

 

• Module Temperature 

      A PV cell, like any other semiconductor device, is extremely sensitive to temperature. 

The efficiency and power output of a PV cell decrease as its temperature rises[5]. Every 10 

degrees Celsius increase in temperature typically results in a 0.06% decrease in solar cell 

efficiency[10]. Normalized values of current, voltage, and power at 25oC show that when 

temperature rises, cell current increases slightly, but voltage falls at a faster rate, resulting in a 

bigger decline in power output. When the temperature of the cell falls below 25oC, the current 

decreases somewhat while the voltage and power increase[5]. Aside from temperature, wind 

direction and wind speed frequency must be considered before picking a site for installation so 

that air can carry as much heat as possible[10]. 

Figure 1.6 below shows the effects of temperature on IV characteristics of solar panels. 
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Figure 01.6: IV characteristics of solar panels at different temperatures. 

The figure 1.7 shows the effects of temperature on solar panel charecteristics. 

 

Figure 01.7: PV characteristics of solar panel at different temperatures. 
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• Variation in Solar Radiation 

The change of the spectral irradiance influences the solar power generation[11]. 

The figure 1.9 below shows the effects of solar radiation on PV panel caracteristics. 

 

Figure 01.8: effects of radiation on solar panel. 

                                        

1.6 The different kinds of solar PV system 

         Grid-tied, hybrid, and off-grid solar PV systems are the three basic types. It actually 

depends on the customer's goals for their solar panel installation as each form of solar panel 

system has benefits and drawbacks. 

1.6.1 Off-grid solar PV system 

       A stand-alone power system is an electricity system that is fully off the grid and independent 

from any electric utility grid. It is utilized in remote locations when alternative energy systems 

are either not available or are more expensive and complex.  
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Figure1.9: off-grid PV system.                                          

 

1.6.2 Grid-tied PV system 

             Grid-connected generation systems are directly connected to the utility grid; unlike 

stand-alone photovoltaic power systems, these systems rarely include batteries and they supply 

the excess power, beyond consumption by the connected load, to the utility grid[12]. 

 

 

Figure 01.10: grid tied PV system. 
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1.6.3 Hybrid PV system 

           The hybrid solar system is net-metered to the grid and has a battery backup to store the 

power. The energy collected by solar panels is converted into ac electricity by a hybrid solar 

inverter. The most significant advantage of a hybrid solar system is the power backup 

capability. It means that even during power outages, you can continue to use electricity without 

interruption. A battery backup aids in the storage of excess solar electricity generated during 

peak hours[13]. 

 

Figure1.11: hybrid PV system. 

                                     

1.7 Solar PV advantages 

1. A clean and green energy source 

            The clean and environmentally friendly energy that PV cells produce is their most 

notable benefit. There is no concern or fear that the panels will release any dangerous 

greenhouse gases, such as carbon dioxide, into the atmosphere. 

2. Versatility 

             Solar PV cells can generate electricity anywhere. It can be used as a reliable energy 

source while traveling, camping, and taking lengthy automobile trips because all it needs is 

sunlight. 

3. Low in maintenance 
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          Comparing solar PV cells to other renewable energy sources, they are noted for having 

lower operating and maintenance costs. 

4. Silent 

            Solar PV is suitable for urban regions and residential applications because it doesn’t 

make any noise. 

5. Easy to install 

            You can easily install residential solar panels on rooftops or just on the ground without 

interfering with your lifestyle [5]. 

1.8 Disadvantages 

1  The initial cost of purchasing a solar system is high. 

      2     Weather-Dependent. 

       3    Solar Energy Storage Is Expensive. 

       4     Uses a Lot of Space. 

       5     Associated with Pollution. 

 

1.9 Conclusion 

       Photovoltaic systems hold immense potential as a sustainable and clean energy source.            

With the continued deployment of photovoltaic systems and the collective commitment of 

renewable energy, we can pave the way towards a greener and more sustainable future for 

generations to come. 

      In the next chapter, DC/DC converters will be presented as well as the MPPT command. 
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2.1 Introduction 

         The significance of solar photovoltaic (PV) energy, whose electrical energy is produced 

by photovoltaic panels, has been growing with the increasing need for electrical energy from 

nonconventional sources (renewable sources).The photovoltaic system technologies are 

advancing quickly, playing larger roles in the development of electric power technology, and 

are recognized as the clean energy[14]. Dc-Dc converters use switching action to change one 

electrical voltage level into another, making them some of the easiest power electronic circuits. 

In many places, there is growing interest in these converters. This is because they have so many 

different uses, including power supplies for computers, workplace equipment, appliances, 

telecommunications equipment, DC motor drives, automobiles, and airplanes, among 

others[15]. 

2.2 DC-DC converters 

       To receive the DC electricity produced by the solar panel, a converter is connected to the 

panel's output. A DC-DC converter, also called a DC-DC optimizer, is frequently included. By 

adjusting the duty cycle of the switching device inside the DC-DC converter, the load 

characteristics are changed to meet the specifications[16, 17].There are numerous varieties of 

DC-DC converters. This includes the three types of switching converters (step-down, step-up, 

and mixed), which are frequently used in photovoltaic systems to produce the desired currents 

and voltages. 

2.2.1 DC-DC boost converter 

           The voltage of the power output by the DC-DC converter is greater than voltage of the 

power received with the DC-DC converter. 

The figure 2.1 below shows the dc dc boost converter. 

 

Figure 2.1: boost converter. 
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The figure below shows the result of switching on and off the DC-DC converter's switch. 

The switching status of the DC-DC converter switch is shown in the upper graph. 

A large value indicates a close switch, while a low value denotes an open switch. 

The incoming voltage 𝑉𝑖 is less than the output voltage Vo, as shown in the second graph. 

The boost converter's inductor current is shown in the third graph. 

The following equation, where 𝑉𝑜𝑢𝑡 is the output voltage, Vin is the input voltage, and D is 

the duty cycle, can be used to describe the relationship between the input voltage and output 

voltage of a boost converter[16]. 

Vout=Vin/(1 − D)                                                                                                                  (2.1) 

2.2.1.1 Working of a Boost Converter 

               The function of boost converter can be divided into two modes, Mode 1 and Mode 2. When 

transistor S1 is turned on at time t=0, mode 1 begins, Inductor L and transistor S1 conduct the rising 

incoming current. When transistor S1 is turned off at time t=DT, mode 2 starts. The incoming current is 

now flowing through L, C, the load, and the diode Dm. The inductor current falls until the next cycle. 

The energy stored in inductor L flows through the load[18]. 

The figure 2.2 and figure 2.3 below shows working of the boost converter. 

 

• Mode 1 (t=0) 

 

Figure 2.2: closed switch in boost converter. 

 

diL

dt
=

Vin

L
                                                                                                           (2.2) 
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• Mode 2 (t=DT) 

 

Figure 2.3: open switch in boost converter. 

 

diL

dt
 = 

Vin−Vtrans

L
                                                                                                                        (2.3) 

 

The boost converter operates in three modes: continuous conduction mode, boundary 

conduction mode, and discontinuous conduction mode. In continuous conduction state, an 

inductor's current never falls to zero; it always remains above zero. In a boundary conduction 

mode, an inductor's current approaches zero for a very short period of time. When the cycle 

ends or after the cycle ends, the current hits zero. In a discontinuous conduction mode, the 

inductor current remains zero for a brief time during the cycle; the current reaches zero before 

the cycle ends and remains zero or less for the rest of the cycle[19]. 

The figures 2.4, 2.5 and 2.6 shows different modes of conduction of a boost converter. 
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Figure 2,4: continuous conduction mode. 

 

 

Figure 2.5: boundary conduction mode. 

 

Figure 2.6: discontinuous conduction mode. 

2.2.1.2 Derivation of equations 

                We'll derive the various equations for a boost converter's current and voltage, as well 

as demonstrate the trade-offs between ripple current and inductance. For the purposes of this 

dissertation, we will assume that the converter is in continuous mode, which means that the 

inductor current is never zero. 
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The waveforms for the voltages and currents for continuous mode are shown in figure below: 

 

 

Figure 2.7: current and voltage graphs for a boost converter 

 

The voltage-current relation for the inductor L is: 

 i =
1

L
∫ Vdt + i0

t

0
                                                                                                                  (2.4) 

or 

 V = L
di

dt
                                                                                                                                 (2.5) 

For a constant rectangular pulse: 

 i =
Vt 

L
+ i0                                                                                                                              (2.6) 

When the transistor is turned on, the current is as follows: 

 ipk =
(Vin−Vtrans)Ton

L
 +i0                                                                                                        (2.7) 

or 

 ∆i =
(Vin−Vtrans)Ton

L
                                                                                                               (2.8) 
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When the transistor is turned off, the current is: 

  io = ipk −
(Vout−Vin+VD)Toff

L
                                                                                               (2.9) 

or 

 ∆i = 
(Vout−Vin+VD)Toff

L
                                                                                                        (2.10) 

Where VD is the voltage drop across the diode, and VTrans is the voltage drop across the 

transistor.  

By equating through delta i, we can solve for Vout: 

 
(Vin−Vtrans)Ton

L
=

(Vout−Vin+VD)Toff

L
                                                                                                      (2.11) 

VinTon − VtransTon = VoutToff − VinToff+VDToff                                                                 (2.12) 

 VinTon+VinToff=VoutToff + VtransTon + VDToff                                                                   (2.13) 

Vin(Ton + Toff) = Toff(Vout + VD) + VtransTon                                                                  (2.14) 

Vin − VtransD =(Vout + VD)(1 − D)                                                                                   (2.15) 

Vout =
(Vin−VtransD)

1−D
− VD                                                                                                    (2.16) 

We can also solve for the duty cycle as follows: 

D=
Vout−Vin+VD

Vout+VD−Vtrans
                                                                                                                 (2.17) 

If we neglect the voltage drops across the transistor and diode, then: 

Vout =
Vin

1−D
                                                                                                                                       (2.18) 

So it is clear that the output voltage is related directly to the duty cycle of the pulses. When 

designing a converter, the primary question is what type of inductor should be used. In most designs, 

the input voltage, output voltage, and load current are all determined by the design criteria, leaving only 

inductance and ripple current as free parameters. The inductance is inversely proportionate to the ripple 

current. 

To avoid the instability which is well known for boost converters, and not a problem with buck 

converters, select an inductor that is large enough for the ripple current to exceed twice the minimal load 

current. The inductor operates in continuous mode, when this requirement is satisfied. 

This can be expressed as follows: 
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L =
(Vout−Vin+VD)(1−D)

i0f
                                                                                                  (2.19) 

       For higher efficiency the diode should be an ultra-fast recovery diode[20]. 

 

2.2.2 The buck-converter 

             The buck-converter, well known in power electronics, is a circuit used to convert a dc 

voltage to a lower dc voltage. There are two switches: one controlled (realized by a transistor 

or MOSFET) and one uncontrolled (realized by a diode). When the transistor is turned "on," 

the diode is turned off, and current flows through the inductor and the load. When the transistor 

is turned off, current flows freely through the diode and decays. Continuous current operation 

is achieved by correctly selecting the on-off frequency and inductor value, and the output 

voltage is then given by[21]. 

Vo = Vs/(Ton/(Ton + Toff))                                                                                                 (2.20) 

The figure 2.8 below shows the structure of buck converter. 

 

Figure 2.8: buck converter. 

Whenever the switch is on, Vo= Vs+𝑉𝐿 and whenever the switch is off, Vo= 𝑉𝐿. The switch 

is on for a specific amount of time DT (where D - 1) and off for the remainder of the time (1-

D)T for each time interval T. D here refers to the switch's duty cycle frequency[22]. 

2.2.2.1 Operation of the Buck Converter 

The figure 2.9 and figure 2.10 shows the working of a buck converter. 

     When the switch is closed (0 to DT) 
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Figure 2.9: closed switch buck converter. 

Using KVL to determine 𝑉𝐿, we get 

VL = VS − V0 = L
diL

dt
                                                                                                          (2.21) 

diL

dt
=

VS−V0

L
                                                                                                                          (2.22) 

diL/dt is a positive constant since VS > Vo) hence the inductor current increases linearly. Some 

part of iL charges the capacitor to Vo while the rest flows through the load as the load current 

Io.  

After integration we will get the following equation: 

iL =
VS−V0

L
  t + iLmin                                                                                                            (2.23) 

At time t =0 the inductor current has a minimum value 𝑖𝐿(0) = 𝑖𝐿𝑚𝑖𝑛, and increases 

until reaching the 𝑖𝑚𝑎𝑥 value at time t →DT. 

iLmax=
VS−V0

L
𝐷𝑇 +iLmin                                                                                                        (2.24) 

Ripple current : 

∆iL=iLmax − iLmin                                                                                                                (2.25) 

T=
1

f
                                                                                                                                       (2.26) 

∆iL =
VS−V0 

Lf
𝐷                                                                                                                     (2.27) 



Chapter 2                                  DC DC converters and MPPT techniques 

22 
 

    Equation shows that to decrease the ripple current it is necessary to increase the switching 

frequency.  

• When the switch is open (for DT < t < T) 

The inductor tries to keep current flowing in the same direction as before, forward biasing 

the diode in the process. The inductor current now has a freewheeling path through to the diode. 

 

Figure 2.10: open switch buck converter. 

 

Using KVL to determine 𝑉𝐿, we get 

VL = −V0 = L
diL

dt
                                                                                                                (2.28) 

 It is important to note that diL/dt is a negative constant. The inductor discharges the energy 

stored in it from when the switch was closed and the current decreases linearly in this duration 

with time. During this time, the capacitor keeps the output at Vo because it was charged to Vo 

when the switch was closed. When the switch is off, the inductor ensures that the load current 

continues to flow, and the high value of capacitance ensures that the output is maintained at Vo 

throughout. 

After integration of KVL, we will get 

iL(t) =  
−V0

L
t + iLmax                                                                                                           (2.29) 

When t = T the current of the inductor decreases from its maximum value to a minimum value. 
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  iLmin =
−V0

L
 (1 − 𝐷)+ iLmax                                                                                            (2.30) 

The determination of the ripple current: 

 

∆iL =
V0

Lf
 (1 − 𝐷)                                                                                                          (2.31) 

V0

Lf
 (1 − 𝐷)= 

VS−V0 

Lf
D                                                                                                        (2.32) 

Vo = DVs                                                                                                                           (2.33) 

      This equation shows us that the variation of the output voltage is a function of the 

duty cycle when D is varied from 0 to 1 the output voltage varies linearly from 0 to the 

input voltage value[22, 23]. 

 

2.2.3 Buck-Boost converter  

            A high efficiency and low ripple DC-DC converter is needed in the system for 

residential power production to achieve a stable voltage from an input source (PV cells) that is 

higher and lower than the output. Buck-Boost converters make it possible to convert a DC 

voltage to either a lower or higher voltage, and they do so quite effectively. Buck boost 

converters are particularly helpful for tracking the maximum power of a PV system. 

In these instances, the goal is to get the maximum amount of power out of the solar panels at 

all times, regardless of the type of load. 

       A buck boost converter, which can be step up (Boost) and step down (Buck), can be 

acquired by cascading the connection of two basic converters. Buck type converters are 

commonly used in PV systems for charging batteries. The boost converter, on the other hand, 

is used to increase the voltage. Before the inverter stage, grid-connected devices use a boost 

type converter to step up the output voltage to the utility level. The benefits of buck-boost 

converter are: 

• Buck-boost DC-DC switching converters are ideal for high-efficiency 

household appliances.  

• Minimum ripple voltage.[24] 
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The figure 2.11 below shows the buck boost converter 

 

      

 

 

 

 

 

 

 

    The switch conducts the inductor current and the diode becomes reverse biased when it is on 

for the duration 𝐷𝑇, where 𝐷𝑇is the duration and 𝐷is the duty ratio. Across the inductor, a 

voltage 𝑉𝐿 = 𝑉𝑖𝑛 is produced. The inductor current 𝐼𝐿  increases as a result of this voltage. Due 

to the inductor's energy storage, the inductor current 𝐼𝐿  keeps flowing even after the switch is 

switched off. The voltage across the inductor changes to 𝑉𝐿 = −𝑉𝑜 for the duration of 

(1 − 𝐷)𝑇 until the switch is turned back on as a result of this current flowing through the 

diode[25]. 

Table 2.1: Dc Dc converters and their duty ratio. 

DC DC converter Duty ratio 

Buck 𝐷 

Boost 1

1 − 𝐷
 

Buck boost −𝐷

1 − 𝐷
 

 

2.3 MPPT tracking 

         Different types of techniques have been used for tracking the MPPT of PV system such 

as perturb and observe(P&O) and incremental conductance, etc. Under certain atmospheric 

Figure 2.11: buck boost converter. 
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conditions, the incremental conductance  method is complex but more effective than P&O 

method in PV systems[26]. 

The figure 2.12 shows the working Principe of MPPT.  

 

Figure 2.12: MPPT working Principe. 

                           

2.3.1 MPPT Solar Charge Controller  

             The MPPT controller is the device that manages the PV in order to get the maximum 

power possible. The effectiveness of the PV system is increased if the controller operates 

deliberately at MPP, regardless of the environmental conditions. To achieve maximum power 

output, it should be possible to legitimately match the PV source with the load for any climatic 

condition. The PV array can be powered to its maximum efficiency using either mechanical 

tracking or electrical tracking. In mechanical tracking, the PV panel direction changes 

according to the changes of months and seasons throughout the year, while in electrical tracking, 

the I V curve is used for locating MPP[27–29]. Modern power systems must include MPPT in order to 

guarantee that the maximum amount of power reaches the load, batteries, motors, and the power grid 

for off-grid and on-grid applications, respectively[29]. 

2.3.2 Battery 

           Electrochemical devices that convert chemical energy into electrical energy are known 

as batteries. We can tell the difference between primary and secondary batteries. Primary 

batteries irreversibly convert chemical energy to electrical energy. Primary batteries include 

zinc carbon and alkaline batteries. 

      Secondary batteries, often known as rechargeable batteries, convert chemical energy to 

electrical energy in a reversible manner. This means that when an over potential is used, they 

can be recharged. In other words, excess electrical energy is stored as chemical energy in these 
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secondary batteries. Lead acid or lithium ion batteries are common examples of rechargeable 

batteries. Only secondary batteries are of interest in PV systems[30]. 

      The battery's main purpose is to store the modified charge from the solar charge controller 

for later use. The most important aspect of solar energy is choosing the correct type of battery. 

As a result, the deep cycle type battery is preferred in this situation due to its efficiency. Deep 

cycle batteries are essentially energy storage units in which chemical reactions occur that 

produce voltage and thus electricity. It is named deep cycled because it operates in two cycles 

which are charging cycle and discharging cycle. 

2.3.3 Several ways to track for MPP.  

2.3.3.1 Direct methods 

2.2.3.1.1 Perturb & Observe (P&O) MPPT algorithm 

                  P&O is an iterative MPPT tracking technique. It senses the panel operating voltage 

periodically calculates and compares the PV output power with that of the previous power, then 

the operating voltage is changed by changing the duty ratio and change in the direction of power 

is noted to track MPP. The sign of the change in power is used; if the power increases by 

increasing the voltage, the operating voltage is further perturbed in the same way as shown in 

Fig below, and this process is repeated until dP/dV=0 is reached. As soon as the MPP is 

achieved, the voltage oscillates around it rather than being stably positioned on it, because 

voltage perturbation continues at the MPP as well. This is one of the most significant 

disadvantage of this technique. Furthermore, as the voltage is occasionally perturbed, 

significant power loss occurs[31]. In any case if there is any shadow on any of the panels (as 

they are in series of parallel)then the power-voltage curve of the PV will have several peaks 

and the P&O will not be able to distinguish them and find the genuine peak[24].This method, 

however, has the advantage of its simplicity and not needing solar panel characteristics. PV 

panel output voltage 𝑉𝑝𝑣and output current 𝐼𝑝𝑣are detected. Then power is calculated P(n) and 

compared with the power measured in the previous sample P(n-1), in order to get ∆P. The duty 

cycle of the converter is then changed to track MPP based on the sign of ∆P and ∆V, as 

summarized below: 

• If the value of ∆P is zero, the system is working at MPP and no change in duty cycle is 

required. 

• If the value of ∆P>0 and ∆V>0, the operating point is located on the left of MPP and 

duty cycle is to be decreased to increase the voltage so as to reach MPP. 
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• If the value of ∆P>0 and ∆V<0, the operating point is toward right of MPP and duty 

cycle must be increased to reach MPP. 

• If the value of ∆P<0 and ∆V<0, the operating point is towards left of MPP and duty 

cycle is to be decreased to reach MPP. 

• And if the value of ∆P<0 and ∆V>0, the operating point is towards right of MPP and 

duty cycle this time is to be increased to reach MPP. 

The figure 2.13 below shows the flowchart of perturb and observe algorithm. 

 

Figure 2.13: flowchart of perturb and observe algorithm. 
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 The figures 2.14 and 2.15 explains the working of the Pertub and Observe algorithm. 

 

 

Figure 2.14: P–V Curve for P&O algorithm. 

 

Figure 2.15: Implementation of P&O method, showing oscillations around MPP. 

 

     The conventional P&O method tracks the MPP by perturbing the PV panel voltage or current 

and moving the control variable towards the MPP with a fixed step size. Fixed step size tracking 

has some drawbacks, such as slow speed and large steady state oscillations[28]. If large steps 

are chosen, it will result in faster dynamics but steady state oscillations also increases and 

efficiency decreases[32]. However, if small steps are chosen, dynamics will slow down. To 

overcome the fixed step issue, adaptive (modified) P&O algorithms are used, which use 

adaptive step size to increase tracking speed and decrease steady state oscillations[28]. 
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2.2.3.1.2 Incremental conductance method (INC) 

                  INC technique is widely used MPPT technique. The disadvantage of the P&O 

technique of oscillation of the operating point around the MPP during changing environmental 

conditions can be eliminated by comparing the instantaneous conductance 𝐼𝑝𝑣  / 𝑉𝑝𝑣 with the 

incremental conductance (𝑑𝐼𝑝𝑣/𝑑𝑉𝑝𝑣). The voltage of MPP is tracked to satisfy 𝑑𝑃𝑝𝑣 /𝑑𝑉𝑝𝑣 =

0, which is MPP. The INC-based algorithm is superior to other conventional methods because 

it is simple to apply, has a high tracking speed, and is more efficient[33]. 

Output power from solar array is: 

Ppv=VpvIpv                                                                                                                           (2.34) 

Differentiating with respect to 𝑉𝑝𝑣 𝑔𝑖𝑣𝑒𝑠 :  

dPpv/dVpv = Ipv + Vpv (
dIpv

dVpv
)                                                                                             (2.35) 

At MPP:  

dPpv

       dVpv
= 0                                                                                                                          (2.36) 

dIpv

dVpv
= −Ipv/Vpv                                                                                                                 (2.37) 

If the operating point is on the right of the power curve, then we have 

dPpv/dVpv<0                                                                                                                     (2.38) 

If the operating point is on the left of the power curve, then we have 

dPpv

dVpv
> 0                                                                                                                             (2.39) 

The figure 2.16 below shows the working of INC conductance. 

 

Figure 2.16: P–V curve for INC MPPT. 
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      In this algorithm the present and previous values of the solar panel voltage and current are 

sensed and are used to calculate the values of 𝑑𝐼𝑝𝑣  𝑎𝑛𝑑𝑑𝑉𝑝𝑣 . If 𝑑𝑉𝑝𝑣 = 0 𝑎𝑛𝑑 𝑑𝐼𝑝𝑣 = 0 , then 

there is no change in atmospheric conditions and the MPPT is still operating at MPP where 

𝑑𝑃𝑝𝑣

𝑑𝑉𝑝𝑣
> 0 ,reference voltage is equal to maximum voltage for this atmospheric condition and is 

not changed that is there is no perturbation until a change in current is sensed. In order to track 

the MPP, the duty cycle of the DC/DC converter is adjusted, changing the PV operating voltage. 

The problem of fixed small or large steps can be resolved, if MPPT with variable step size is 

used, as recommended by the variable step size (Modified) INC MPPT algorithm, adjusts the 

step size automatically in accordance with the characteristics of the PV array[28, 33]. When the 

operating point is far from the MPP, the step size is raised, allowing for quick tracking; 

however, when the operating point is close to the MPP, the step size decreases, reducing 

oscillations and increasing efficiency. With few oscillations and a good balance between 

dynamic and steady state response, this method produces excellent results in rapidly changing 

atmospheric conditions[33]. 

The figure 2.17 below shows the flow chart of INC algorithm. 
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Figure 2.17: INC Algorithm. 

 

2.3.3.2 Indirect methods  

2.3.3.2.1 Constant Voltage method 

                  Although very simple, the constant voltage technique is ineffective. In this approach, 

the 𝑉𝑚𝑝𝑝 is just represented by a single voltage. In some instances, an external resistor connected 

to the control IC's current source pin sets this value. About 80% of the maximum power is 

collected by the technique for each of the different irradiance variations. The average irradiance 

level will decide the actual performance. The tracking efficiency is poor in this instance because 

the maximum power point of a solar module does not always fall between 70 and 80 percent of 

Voc. 

The figure 2.18 below shows the flowchart of constant voltage method. 
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Figure 2.18: Flowchart of constant voltage method. 
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2.3.3.2.2 Open Circuit Voltage Method 

               The Open Circuit Voltage method, which uses a similar concept to the Constant 

Voltage method but with some improvements. It uses 𝑉𝑜𝑐  to calculate 𝑉𝑚𝑝𝑝. Once the system 

obtains the 𝑉𝑜𝑐value, 𝑉𝑚𝑝𝑝is calculated by,𝑉𝑚𝑝𝑝 = 𝐾 ∗ 𝑉𝑜𝑐  as shown in figure 2.19 below. 

    The 𝑉𝑜𝑐 represents the PV panel's open circuit voltage. Because the k value is always less 

than unity, it usually ranges from 0.7 to 0.8 (commonly used as 0.76). It is necessary to update 

𝑉𝑜𝑐occasionally to compensate for any temperature change and irradiance. When the input 

current is monitored, it can show when the 𝑉𝑜𝑐should be re-measured. The k value is a 

logarithmic function of the irradiance that rises in value as the irradiance increases. The benefits 

of using this method is relatively low cost and easy to implement. There are also drawbacks to 

this method such as not operating exactly at maximum power point. It is not a very accurate 

method[24]. 

2.4 Conclusion 

        By implementing MPPT algorithms, PV systems can optimize power extraction, improve 

the efficiency and improve overall system performance. Both direct and indirect methods in 

MPPT have their advantages and limitations. 

In the next chapter, simulation of PV system with MPPT algorithm will be presented.  

 

Figure 2.19: I-V and P-V characteristics of Open circuit voltage method. 
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Chapter 3: Modelisation and simulation of photovoltaic 

solar panel 
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3.1 Introduction 

        The PV panel model based on electrical equivalent circuit aspect is described and give a 

thorough analysis of one diode model and its practical verification. The two diode model is 

more accurate and gives a model with I-V characteristics that are closer to the practical 

behaviour of a PV cell. However, the two diode model is more complex and requires more 

computational effort than the one diode model. As a result, one diode model-based analysis is 

common in the literature. In this chapter, we have used one diode model to simulate the PV 

system in proteus.  

3.2 Equivalent circuit based modeling 

       The one-diode solar cell concept in which the quantity of electrical energy produced by the 

PV cell is represented by a current 𝐼𝑝ℎthat is proportional to the amount of solar irradiation. 

Internal resistance is represented by series resistance, whereas leakage current is represented by 

shunt resistance[34]. 

In ideal single diode model:  

   The internal losses of the current are not taken into account by this model. A diode is 

connected in anti-parallel with the light generated current source. Kirchhoff law is used to 

determine the output current 𝐼: 

The figure 3.1 below shows the ideal single diode model. 

 

Figure 3.1: Ideal single diode model. 

 

I = Iph − Id                                                                                                                            (3.1) 

𝐼𝑝ℎ    is the photocurrent, 𝐼𝑑 is the diode current, which is determined by the equation below and 

is proportional to the saturation current: 

Id = I0[exp (
V

A.Ns.VT
) − 1]                                                                                                     (3.2) 
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𝑉  imposes a voltage on the diode. 

VT = k.
TC

q⁄                                                                                                                          (3.3) 

𝐼0 is the diode's reverse saturation or leakage current (A). 

𝑉𝑇𝐶= 26 mV at 300 K for silisium cell,𝑇𝑐 is the actual cell temperature (K). 

q is the electron charge (1.602×10−19C), and k is the Boltzmann constant (1.381 ×10−23 J/K). 

𝑉𝑇is referred to as the thermal voltage because of its exclusive dependence of temperature. 

𝑁𝑆 : the number of PV cells that are linked together in series. The ideality factor is A. It can be 

selected from Table below and depends on PV cell technology. The fact that A is a constant 

that depends on PV cell technology must be underlined[35]. 

A diode's ideality factor is a measure of how closely it follows to the ideal diode equation. 

Certain assumptions about the cell are made in the derivation of the simple diode equation[36]. 

                                          Table 3.1: ideality factors for different solar cell technology[37]. 

Solar cell technology Ideality factor 

Silicon monocrystalline 1.20 

Silicon polycrystalline 1.30 

Amorphous silicon (a-Si):H 1.80 

Amorphous silicon (a-Si):H tandem 3.30 

Amorphous silicon (a-Si):H triple 5.0 

Cadmium Telluride(CdTe) 1.50 

 

 

a =
Ns.A.kTc

q
 =Ns. A. VT                                                                                                           (3.4) 

While A is the diode ideality "a" is referred to as "the modified ideality factor" 

The figure 3.2 shows the practical model with resistor in series. 
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In practical model with 𝑹𝒔 

 

     

                                                                         

    Given their impact on the efficiency of the PV cell and the PV module, it is actually 

impossible to ignore the series resistance Rs and the parallel resistance RP. When RS is 

considered, equation should have the following form: 

Id = I0[exp (
V+IRs

a
)-1]                                                                                                          (3.5) 

In practical model with 𝑅𝑠𝑎𝑛𝑑 𝑅𝑝(real model) as shown in figure 3.3 below 

 

   

 

 

By applying Kirchhoff law, current will be obtained by the equation: 

I = Iph − Id − Ip                                                                                                                    (3.6) 

𝐼𝑝, is the current leak in parallel resistor.  

The output current of a module with Ns cells connected in series is: 

I = Iph − I0 [exp (
V+IRs

a
) − 1] −

V+RsI

Rp
                                                                                 (3.7) 

This model has the best match with experimental results[35]. 

 3.3 PV system simulation 

         The Proteus platform is one of the best and easiest software to implement for PV systems. 

Furthermore, Proteus software is one of the most commonly used simulation software due to 

its ease of use and wide range of various electronic components. The Arduino UNO board is 

one of the components that can be used flexibly in the Proteus software. 

Figure 3.2: practical model with 𝑅𝑠. 

Figure 3.3: practical model with 𝑅𝑠𝑎𝑛𝑑 𝑅𝑝. 
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     I had a simulation block developed using "Proteus" software (by ISIS) based on the 

equivalent circuit of a PV generator. 

3.3.1 Implementation of a PV Generator on Proteus 

Parameters of BLD Solar at standard test conditions 

                                          Table 3.2: Parameters of BLD Solar panel. 

Type  BLD200  72M 
Maximum Power 𝑃𝑚𝑎𝑥  200W 

Output Tolerance  ±3% 

Current at Pmax 𝐼𝑚𝑝 5.29A 

Voltage at Pmax 𝑉𝑚𝑝 37.77V 

Short Circuit Current 𝐼𝑠𝑐  5.92A 

Open Circuit Voltage 𝑉𝑜𝑐 45.25V 

Nominal Operating Cell Temp 𝑇𝑛𝑜𝑐𝑡  45±2 °C 

Weight  15KG 

Dimension   1580*800*35mm 

Maximum system voltage  1000V 

Maximum series fuse rating  10A 
Cell Technology  MONO Si 

 

3.3.1.1 Modeling one-diode PV model in proteus software at STC: 

             In order to replicate a reliable PV panel model in Proteus software, the equivalent 

circuit of a single diode should be taken into account along with a striped current source to 

represent the photocurrent source, a single diode with modified spice code, and series and 

parallel resistances. 

The PV panel model in Proteus software with a one-diode model is shown in the figure below: 

 

Figure 3.4: one diode PV model in proteus. 
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The graphs of the solar panel used in this simulation are as shown in figure 3.5 and figure 3.6. 

The IV curve of the solar panel 

 

Figure 3.5: The IV curve of the solar panel. 

 

The PV curve of a solar panel 

 

 

Figure 3.6: The PV curve of a solar panel. 
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3.3.1.2 DC-DC boost converter in Proteus 

The figure 3.7 below shows the circuit diagram of boost converter in proteus. 

 

Figure 3.7: DC-DC boost converter in Proteus. 

The valeurs I have used in this simulation are: 

𝐶𝑖≥
4 𝑉𝑚𝑝𝐷𝑚𝑝

△𝑉𝑖𝑅𝑖𝑓𝑠
= 775µ𝐹 only for 1000W/𝑚2                                                                                  (3.8) 

𝐶𝑜≥
2 𝐷𝑚𝑝

△𝑉𝑜𝑅𝑜𝑓𝑠
 =115µF only for 1000W/𝑚2                                                                                         (3.9) 

L ≥
 𝑉𝑚𝑝𝐷𝑚𝑝

2△𝐼𝑜𝑓𝑠
= 3.35𝑚𝐻  only for 50W/𝑚2                                                                                    (3.10) 

𝐶𝑖𝑛 = 1500µ𝐹 

𝐶𝑜𝑢𝑡 = 150µ𝐹 

𝐿 = 40𝑚𝐻[38].               

3.3.1.3 PV system simulation block diagram at STC ((1000/𝒎𝟐 and 25ºC): 

             The Arduino inputs are connected with a current sensor and a voltage divider (voltage 

sensor).  The overall PV system simulation is shown in Figure below. 
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Figure 3.8: MPPT PV system simulation in proteus. 

3.3.1.4 Results of simulation: 
The figure 3.9 below shows the graph of Voltage(V) in function of time(s) for 100 Ohm load. 

 

 

Figure 3.9: PV voltage under STC for P&O technique with 100ꭥ load. 

 

The figure 3.10 below shows the graph of Voltage(V) in function of time(s) for 50 Ohm load. 
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Figure 3.10: PV voltage under STC for P&O technique with 50ꭥ load. 

We note that the value of voltage increases until it reaches the optimum voltage ,it starts 

oscillating around optimum voltage. 

  

The figure 3.11 and figure 3.12 below shows the graphs of Power(W) in function of time(s) 

for 100 Ohm and 50 Ohm loads respectively.  

 

Figure 3.11: PV power under STC for P&O technique with 100ꭥ load. 
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Figure 3.12: PV power under STC for P&O technique with 50ꭥ load. 

 

We note that the value of power increases until it reaches the maximum power ,it starts 

oscillating around maximum power. 

 

3.3.1.5 PV system simulation diagram at variable irradiance(1000/𝒎𝟐, 𝟕𝟓𝟎𝑾/

𝒎𝟐,560W/𝒎𝟐) and constant temperature of 25ºC: 
The figure 3.13 and figure 3.14 below shows the complete circuit of simulation diagram at variable 

irradiance. 

 

 

Figure 3.13: PV system simulation block diagram at variable irradiance. 
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Figure 3.14: Variation of irradiance. 

 

3.3.1.6 Results of simulation: 
The figures 3.15 and 3.16 shows the graph of voltage(V) in function of time(s) for 100 Ohms and 50 

Ohms respectively . 

 

 

Figure 3.15: analogue analysis of PV voltage under variable conditions for P&O technique with 100ꭥ. 
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Figure 3.16: PV voltage under variable conditions for P&O technique with 50ꭥ load. 

 

We note that the value of voltage increases until it reaches the optimum voltage ,it starts 

oscillating around optimum voltage. 

The figures 3.17 and 3.18 below shows the graphs of Power(W) in function of time(s) for 

different irradiances for 100 Ohm and 50 Ohm respectively. 

 

Figure 3.17: PV Power under variable conditions for P&O technique with 100ꭥ load. 
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Figure 3.18: PV Power under variable conditions for P&O technique with 50ꭥ load. 

 

3.3.1.7 Interpretation of results: 

             The Arduino varies the value of duty cycle by varying pwm according to the values of 

voltage and current picked up. We note that the value of the voltage is increased until reaches 

the maximum value. Then it stabilizes at this value. Also the power is increased as the voltage 

increases, then it stabilizes at maximum value of power. This stability proves that the principle 

of the MPPT command is verified. In the case of standard state conditions, the duty cycle varies 

until it reaches 0.5. The duty cycle oscillates between 0.48 and 0.5 due to oscillations of voltage 

at MPP with the load of 100ꭥ.When we replace the load with 50, the duty cycle oscillates 

between 0.42 and 0.45. 

3.2 Conclusion: 

        The P&O algorithm exhibits good tracking efficiency under steady-state conditions. It can 

accurately track the maximum power point by perturbing the operating point and observing the 

change in power output. The P&O may exhibit oscillatory behavior around the MPP, 

particularly when they are sudden changes in environmental factors such as irradiance or 

temperature. These oscillations can result in fluctuations around the MPP. 

      In the next chapter, implementation of MPPT using P&O algorithm will be presented. 
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Chapter 4: Implementation of MPPT techniques 
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4.1 Introduction 

       In this chapter, we present the realization of the MPPT PV system with 3.8Watts solar 

panel and different electronic components of the system such as current sensor, voltage divider 

circuit, Arduino Uno, diode and mosfet. 

4.2 Arduino UNO 

       The ATmega328P microprocessor is the foundation of the Arduino UNO. Compared to 

other boards, like the Arduino Mega board, etc., it is simple to use. The board is made up of 

shields, various circuits, and digital and analog Input/output (I/O) pins. The Arduino UNO has 

14 digital pins, a USB port, a power jack, and an ICSP (In-Circuit Serial Programming) header 

in addition to 6 analog pin inputs. The programming language used is called IDE, or integrated 

development environment.  

The components of Arduino UNO board are shown in the figure 4.1 below: 

 

                                              

 

 

 

 

 

      The Arduino board's USB connection is used to link the board to a computer through a USB 

cable. The cable functions as the board's power supply and serial port. Such dual functioning 

makes it unique to recommend and easy to use for beginners[39]. 

4.3 ACS 712 (0.5B) current sensor 
The figure 4.2 below shows the current sensor used in the implementation of thi work. 

Figure4.1: Arduino Uno. 
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Figure4.2 : ACS 712 (0.5B) current sensor. 

 

      This module is based on the ACS712ELC-0.5BA integrated circuit, a high performance hall 

current sensor. 

Features 

▪ 5V power supply 

▪ On-board power indicator 

▪ Bidirectional current measurement up to 5A 

▪ Analog output with a sensitivity of 185 mV / A[40]. 

 

4.4 Voltage divider 

        When utilizing the common 5V analog reference voltage, the Arduino's analog inputs can 

measure DC voltage between 0 and 5V; this range can be expanded by using two resistors to 

make a voltage divider. The voltage divider brings the observed voltage down to a level 

compatible with the Arduino analog inputs[41]. 

 

4.5 LCD 16×2 

       LCD is an abbreviation for liquid crystal display. It is a type of electronic display module 

that is utilized in a wide range of applications such as various circuits and devices such as 

mobile phones, calculators, computers, and television sets. LCD is an abbreviation for liquid 
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crystal display. It is a type of electronic display module that is utilized in a wide range of 

applications such as various circuits and devices such as mobile phones, calculators, computers, 

and television sets. 

The 4.3 shows the LCD 16*2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                     

4.5.1 Registers of LCD 

             A 16×2 LCD contains two registers, one for data and one for commands. The RS (register 

select) is mostly used to switch between registers. It is known as a command register when the 

register set is '0'. Similarly, when the register set is '1', it is referred to as a data register. 

1. Command Register 

            The command register's primary role is to store command instructions sent to the display. 

So that predetermined actions like cleaning the display, initializing, setting the cursor position, 

and controlling the display can be performed. Within the register, commands can be processed. 

Figure4.3 : LCD 16×2. 
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2. Data Register 

               The data register's primary role is to store the information that will be displayed on the LCD 

panel. The ASCII value of the character is the information that will be displayed on the LCD screen. 

When we give information to the LCD, it sends to the data register, and the process begins there. When 

register set =1, the data register is chosen[42]. 

4.6 Realization of boost converter and implementation of MPPT. 

        The figure 4.5 and 4.6 below represents the diagram of the PCB of the boost converter 

designed in proteus. 

 

Figure4.4: The PCB of boost converter in 2D dimension. 

 

 

Figure4.5: The PCB of boost converter in 3D dimension. 
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𝑓𝑠=25KHz 

𝑉𝑚𝑝𝑤=0.9*𝑉𝑚𝑝                                                                                                                       (4.1) 

𝑃𝑚𝑝𝑤=0.05*𝑃𝑚𝑝                                                                                                                     (4.2) 

𝐼𝑚𝑝𝑤=
𝑃𝑚𝑝𝑤

𝑉𝑚𝑝𝑤
                                                                                                                             (4.3) 

△V=2%                                                                                                                                 (4.4) 

 △I=40%                                                                                                                               (4.5)                                                                                     

𝑅𝑚𝑝  and 𝑅𝑚𝑝𝑤 

𝑅𝑜 = 2.5 ∗ 𝑅𝑚𝑝𝑤                                                                                                                   (4.6) 

𝐷𝑚𝑝(𝑤) = 1 − √
𝑅𝑚𝑝(𝑤)

𝑅𝑜
                                                                                                          (4.7) 

𝑉𝑜(𝑤) =
𝑉𝑚𝑝(𝑤)

1−𝐷𝑚𝑝(𝑤)
                                                                                                                   (4.8) 

 𝐼𝑜(𝑤) =
𝑉0(𝑤)

𝑅0
                                                                                                                          (4.9) 

𝑅𝑖 = 𝑅0(1 − 𝐷2)  only for 1000W/𝑚2                                                                               (4.10) 

𝐶𝑖≥
4 𝑉𝑚𝑝𝐷𝑚𝑝

△𝑉𝑖𝑅𝑖𝑓𝑠
 only for 1000W/𝑚2                                                                                         (4.11)                                                                                               

𝐶𝑜≥
2 𝐷𝑚𝑝

△𝑉𝑜𝑅𝑜𝑓𝑠
 only for 1000W/𝑚2                                                                                           (4.12)                                                                                              

L≥
 𝑉𝑚𝑝𝐷𝑚𝑝

2△𝐼𝑜𝑓𝑠
   only for 50W/𝑚2                                                                                              (4.13)                                                                                             

Implementation  values in boost converter: (L=220µH,𝐶𝑖=2000µF,𝐶𝑜 = 100µ𝐹). 
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The figure 4.6 below shows the 3.8W solar panel 

 

 

Figure 4.6: The solar panel used in the implementation of MPPT. 

 

The table below shows the parameters of a 3.8W solar panel 

Table 4.1: parameters of a solar panel. 

Maximum Power (𝑃𝑚𝑎𝑥) 3.8W 

Voltage at 𝑃𝑚𝑎𝑥 6V 

Current at 𝑃𝑚𝑎𝑥 0.63A 

Open Circuit Voltage (𝑉𝑜𝑐) 7.2V 

Short Circuit Current (𝐼𝑠𝑐) 0.638A 

Power Tolerance  ±3% 

Measurement 254*140*15MM 
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The figure 4.7 below shows PWM signal from the Arduino. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7: Implementation pwm signal on oscilloscope 

The figure 4.8 below represents the complete diagram for the implementation of MPPT. 

 

Figure 4.8: The complete diagram for the implementation of MPPT. 
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4.7 Test results 

         In this realization, I did tests with the P&O method at different hours of the day for maximum 

irradiance at that time and for the case where there is complete shading on the surface of the solar panel. 

I put the solar panel under the tree for the case where there is shading. This graphs were taken using 

Arduino graph plotter. 

4.7.1 P&O method 

The figures below shows the graphs of Power(W) in function of time(s) for different times of 

the day under sunlight and under shading. 

• At 9:30  

                       a) Solar panel in sunlight  

 

Figure4.9: solar panel power at 9:30 in sunlight. 

The power was oscillating around 3.6Watts then it dropped to 3Watts. 

                     b) solar panel under shading  

 

Figure4.10: solar panel power at 9:30 under shading effect.       
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The power was oscillating around 2Watts under shading. 

                            

• At 10:30 

a) Solar panel in sunlight 

 

Figure4.11: solar panel power at 10:30 in sunlight. 

The power was oscillating around 2.5Watts under sunlight at 10:30. 

 

b) Under shading  

 

Figure4.12: solar panel power at 10:30 under shading effect. 
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The power was oscillating around 2Watts then it dropped to 1.5Watts under shading effect. 

 

• At 11:30 

a) Solar panel in sunlight  

 

Figure4.13: solar panel power at 11:30 in sunlight. 

The power was oscillating around 3.2Watts then it dropped to 3Watts. 

 

b) Under shading  

 

Figure4.14: solar panel power at 11:30 under shading effect. 
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The power was oscillating around 2.5Watts snd 2.2 Watts.  

• At 12:30 

a)Solar panel in sunlight  

 

Figure4.15: solar panel power at 12:30 in sunlight. 

The power was oscillating around 3Watts then it increased to 3.5Watts. 

 

b) Under shading  

 

 

 Figure4.16:  panel power at 12:30 under shading effect. 
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The power was oscillating around 2.8Watts. 

• At 13:30 

a) Solar panel in sunlight 

 

Figure4.17: solar panel power at 13:30 in sunlight. 

The power was oscillating around 3Watts under sunlight. 

                       b) Under shading 

 

 

Figure 4.18: solar panel power at 13:30 under shading effect. 
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The power was oscillating around 2Watts. 

• At 14:30 

 a) Solar panel in sunlight 

 

Figure4.19: solar panel power at 14:30 in sunlight. 

The power was oscillating around 3.6W. 

                       b) Under shading 

 

Figure 4.20: solar panel power at 14:30 under shading effect. 

The power was oscillating around 1Watts and 1.5Watts. 
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4.8 Interpretation of results 

       The P&O method is generally effective in tracking and maintaining the solar panel’s 

operation near its maximum power point. Under rapid changing conditions, it may not always 

be efficiency. One common issue with P&O method is oscillations around the maximum power 

point. The algorithm may cause the operating point to overshoot or undershoot the optimal 

point, resulting in power fluctuations. These oscillations can impact system stability and 

introduce inefficiencies. The results can be impacted by the quality of hardware and sensor 

accuracy. We have observed that the power being produced by solar panel is low under the 

conditions where there is shading. The irradiance reaching the solar panel reduces due to 

reduced number of photons reaching the surface of the solar panel under shading. The duty 

cycle of the Dc Dc boost converter is approximately 0.06. 

4.9 conclusion 

       The practical tests on a solar panel by programming an Arduino Uno board. From these 

tests we have concluded that the boost converter can draw the maximum power from the PV 

generator by adjusting the duty cycle. We have observed that the power produced by a solar 

panel when placed in places where there is no shading is higher as compared to a solar panel 

under shading conditions. The boost converter supplies a voltage at its output higher than that 

provided by a PV panel. The P&O algorithm can be sensitive to noise and measurement errors 

in the voltage and current measurements used for tracking the MPP. These inaccuracies can 

affect the algorithm’s performance and introduce deviations from the true MPP.  
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General Conclusion    

     This dissertation concerns the study and realization of a PV system adapted by an MPPT 

control ensuring the continuation of the maximum power supplied by the solar panel. 

      MPPT algorithms continuously monitor the PV solar panel voltage, current and power 

characteristics to adjust the operating point. Real time tracking allows the system to respond to 

rapid environment changes and maintain optimal power output, maximizing energy production. 

Selecting an appropriate MPPT algorithm and optimizing its parameters are essential for 

achieving optimal power output and maximizing the return on investment in PV installations.  

     In this dissertation we simulated the PV system adapted by P&O algorithm under standard 

state conditions and under variable irradiance, we have noticed that the output characteristics 

of the system are affected by the boost converter. The components of a boost converter have to 

be calculated and tried in simulation before implementation of the system. The values of 

capacitors and Inductor are very important when implementing MPPT. The diode and Mosfet 

should support the maximum current of the solar panel. 

    After the simulation we made up boost converter which will step up the voltage across the 

charge. The diodes used in this implementation are IN4007 due to their fast switching 

frequency. One IN4007 diode is placed between the solar panel and the boost converter to 

prevent current from flowing backwards which might damage the solar panel. The IRFP250N 

is used due to its heat resistant as compared to other Mosfets. We have used the LCD to display 

the power, current and voltage produced from the solar panel. The ACS 712 (0.5B) current 

sensor is used to measure the analogue values of current and sends the information to the 

Arduino UNO in digital form. The voltage divider is used to reduce the voltage of the solar 

panel to a level compatible with the microcontroller(5V). The algorithm will then calculate the 

power from voltage and current values then compares it to the previous power. The Arduino 

UNO provider the pwm signal from pin 6, for switching of the mosfet we put the optocoupler 

pc 817 between pin 6 of Arduino and mosfet. The pin 4 of optocoupler is connected to 12V 

which is needed to turn on the mosfet. The frequency used in this implementation is 25KHz. 

    The problems faced in this implementation are: 

1)The ACS 712 current sensor is not accurate when the values of current being measured are 

small. 
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2)there is already current flowing in the LCD before connecting it to the solar panel, this current 

is the one used to turn on the background light of the LCD. 

Improvements which can be made: 

1) Use of high accurate current and voltage sensors. 

2) Use of other microcontrollers with large memories. 
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