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I 

Abstract 

 

Renewable energy sources play vital role in power generation, research in this 

area has grown rapidly in the last few years and the society is now aware of the 

harmful effects of fossil fuel on the environment and with the increased cost of fuel 

production. It is very important to look for alternative efficient, clean and cheap 

energy sources. Solar energy is usually considered as one of the most promising 

renewable energy sources.  

The power generation from the photovoltaic panels is subjected to varying 

environmental conditions such as temperature and irradiance which lead to a varying 

conversion efficiency. This necessitates an optimum use of the incident solar 

radiation. Since a PV unit supplies maximum electrical power only at a certain 

operating point, Maximum Power Point Trackers (MPPT) were developed to seek 

this optimal operation under changing light and load conditions. These methods 

would ensure an efficient and more reliable energy source.  

This project is intended to simulate and implement a GMPPT for stand-alone PV 

system in order to provide a fast, efficient tracking solution. PV generators develop a 

very complex power versus voltage characteristics. That is, under non-uniform 

isolation, the PV generators exhibit a curve with many power peaks. Identifying the 

appropriate peak during the operation is the goal of the MPPT for Proper and efficient 

operation of the PV system, therefore three algorithms are to be studied during this 

project which are the incremental conductance algorithm one of the most commonly 

used technique, the golden section search GSS algorithm and the particle swarm 

optimisation PSO algorithm, a comparison would be done by implementing the 

algorithms using MATLAB/SIMULINK to find the best MPPT algorithm that 

converges rapidly avoiding errors and obtaining the best efficiency. 
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General 

Introduction 



 
1 General Introduction 

General Introduction 
 

 

In our days we became more aware of the need for sustainable management of 

energy resources and we realized that our current rates of energy consumption cannot 

be maintained for long using scarce energy sources such as crude oil and natural gas. 

either due to the fact that they are vanishing or their adverse environmental impact 

contributing in global warming and pollution. The need for renewable energies became 

imminent to provide energies which are naturally reproduced, clean and cheap. 

Renewable energy is the type of energy that comes from resources which are naturally 

replenished on a human timescale such as the Sun light, wind, tidal and geothermal.  

 

Solar Energy is one of the main sources of renewable energy, it relies on the sun 

as an infinite accessible fuel source. Solar energy can be used in many developed forms 

from sophisticated photovoltaic panels which convert the sun light directly to electricity, 

to more simple application in where heat energy produced from the sun is collected for 

direct use in heating or even evaporation of liquids to form steam to drive turbines and 

generating electricity. 

 

Nowadays to produce electricity the most used renewable energy is the solar 

energy through the mean of photovoltaic panels, which are easy to implement specially 

in isolated regions. A great deal of research has been conducted in this field over the last 

few decades in order to optimize this new technology and overcome its drawbacks. 

Compared with conventional fossil energy sources, small scale stand-alone photovoltaic 

(PV) systems are the best option for many remote applications around the world, they 

provide power for hundreds of thousands of installations throughout the world. They, 

particularly in developing countries where two billion people still do not have access to 

electricity. 

 

Photovoltaic work on the principle of converting sun light energy (photons) into 

electricity using semiconductors which have the ability to allow the movement of 

electrons easily .The major advantages of PV systems are their reliability ,  long life 

time, no polluting gases emission , no moving parts and no consumed materials are 

needed , require no connections to another supplying source  , processes are completely 
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solid state and self-contained. They can be installed and upgraded as modular building 

blocks; more photovoltaic modules may be added as power demand increases. 

 

The problem faced using PV panels  is their high dependency on weather factors 

such as the temperature and irradiance, where  under partial shading the PV cells lose 

their produced energy as a result  the efficiency of the plant decreases  , beside that these 

factors   make the PV, I-V characteristics non- linear hence makes the tracking  and 

identification of the maximum power point a difficult task . 

Many algorithms were implemented for the purpose of tracking the MPPT of PV 

systems, some of the conventional ones are the Perturb and observe algorithm and the 

incremental conductance algorithm whereas the new algorithms work on the principle 

of artificial intelligence and particle swarm optimisation, the difference between 

conventional and new algorithms is their efficiency since the conventional algorithms 

sometimes fail to due to discriminate between local and global maxima. 

 

The objective of the project is to implement a fast, accurate and reliable 

algorithm which tracks the MPPT, the simulation has been done using design software 

MATLAB/Simulink. The implemented algorithms were the incremental conductance, 

GSS and PSO and the hardware prototype was made using a PV generator and DSP 

microcontroller. The later controls the buck-boost chopper in order to harvest the 

maximum power from the PV panels.   

 

This thesis consists of four chapters, starting with chapter 1 that presents a 

general background about PV systems Chapter 2 explains the maximum power point 

tracking algorithms that are to be implemented. Chapter 3 will include the simulation 

and framework and the obtained results of the investigated MPPT techniques. Chapter 

4 is dedicated to the implementation of the studied PV system. Finally, a conclusion of 

the work done through this thesis and a discussion about future work are presented at 

the end of this report. 

 

 

 

 

 
 



 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Chapter One 
 

Modelling of 

Photovoltaic System 



 
3 Chapter One: Modeling of Photovoltaic System Parameters 

1.1 Introduction 

 

    Solar energy is the solar radiation that reaches earth from a source emitter which 

is the sun, that is multiple billions of years old. Two forms are used to generate 

electricity, the solar thermal and photovoltaic energy. Solar thermal Plants which 

work on indirect conversion of solar heat into electricity, by heating water and using 

this steam to power the turbines of the power generators. And the most used one is 

Photovoltaic (PV devices) or “solar cells” where Solar energy is directly converted 

to electricity using semiconductors to provide electricity for remote locations with no 

connection to the electric grid and devices that dissipate low power such as street 

lighting, communication systems.  

The major disadvantages of solar energy are: The sunlight intensity that is 

converted into energy depends of many factors such as time of the day and the 

weather; the power over collector area relation is extremely low,[1]. 

 

In this chapter, we will focus on overall backgrounds required to design a 

photovoltaic system, namely, solar power fundamentals, photovoltaic cells modules 

arrays, and power conditioning elements. 

 

1.2  PV principle 

 

Photovoltaic works with semiconductor physics. This section demonstrates the 

physics behind the generation of electricity using solar power. The photovoltaic 

effect is based on the molecular characteristics of semiconductors. 

The silicon is one of the most used semiconductor materials in photovoltaic. It 

has four valence electrons and a diamond crystal structure, mainly it conducts poorly 

due to the lack of free electrons in the conduction band of its atoms. If an electron in 

the valence band was supplied with sufficient energy it would be excited to the 

conduction band and would be able to move freely within the material. 

 

figure 1.1 shows the electrons configuration on the different shells of a silicon atom 

in both actual form and simplified one, [1]. 
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1.2.1 Semiconductor physics: 

 

PV cells consist of layered silicon that is doped1 with different elements to form 

a p-n junction. The p-type side will contain positive charges. The n-type side will 

contain negative charges. This difference of charge forms a region that is charge 

neutral and acts as a sort of barrier. 

Figure 1.2: shows the doping of the silicon semiconductor with trivalent/ pentavalent 

atom 

                 : 

 

When the p-n junction is exposed to light, photons with correct frequency 

will form an electron/hole pair. However, since the p-n junction creates a potential 

difference, the electrons cannot jump to the other side only the holes can. Thus, the  

                                                             
1 doping is the addition of impurities into a pure semiconductor such as silicon  for the purpose 

of modulating its electrical properties  

Figure 1.1: Electron configuration on different shells of the silicon atom. 

 

Figure 1.2: Doping of silicon: (a)With pentavalent atom 

(b) With trivalent atom. 

atom 
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electrons must exit through the metal connector and flow through the load, to the 

connector on the other side of the junction. Figure 1.3: shows the generation of 

electron-hole pair when a photon delivers its energy: 

 

If the photons free an electron in the p-type material near the depletion region It will 

be carried by the E-field to the n-type material, thus affecting the same process for a 

hole travelling from and to the opposite sides, creating a current. [1] 

Figure 1.4 shows the collision of photons freeing electrons. 

 

 

The connection of the two terminals of the diode with exposure to light will result a 

voltage drop according to Figure 1.5  

 

Figure 1.4: Photons colliding with the p-n junction diode freeing electrons. 

atom 

 

Figure 1.3: Generation of electron-hole pairs by light. 

atom 

 

Figure 1.5: Voltage drop across the two terminals of the diode. 
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1.3  PV levels 

1.3.1- PV cell: 

The solar cell is the smallest entity that produces electricity, made up of silicone, 

with a small structure and an absorbing material. Many different solar cells are now 

available on the market- Some are still under development seeking better efficiency 

while keeping cost to a minimum. Devices with efficiency exceeding 30% have 

been demonstrated in the laboratory. However, the efficiency of commercial ones 

is usually less than half this value. Crystalline silicon cells hold the largest part of 

the market (higher efficiency and longer life time) but are still expensive. Multi-

crystalline material is used more and more to reduce the cost. 

 PV Cell model: 

Solar cells are an array of p-n junction diodes connected together that generate 

current using photon energy. 

 Figure 1.6 shows a typical diagram of a PV cell.  On the two sides of the cell highly 

doped layers are formed (Si n- type and SI p+ type) that help in the separation of 

photons from the centre region. 

 

 

 

 

 

 

 

 

The single-diode circuitry for a real photovoltaic cell is represented in Figure 1.7 

shows the output of photovoltaic systems corresponds directly to solar irradiance 

and temperature, therefore obtaining the maximum power point should involve the 

most recent values of these factors.equation 1.1 defines the output current of a pv 

cell . 

Figure 1.6: Diagram of PV cell. 

atom 
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𝐈𝐩𝐯 = 𝐈sc − I0 {exp [
q(V+RS∗I)

n∗K∗Tk
] − 1} −

V+RS∗I

RSH
                (1.1) 

  The mathematical model: 

 

From the equivalent circuit of the PV cell the mathematical model of parameters 

can be defined [8]. the short circuit current (Isc) and the open circuit voltage (Voc), 

which are gleaned from the cell manufacturer’s data sheet. 

By applying Kirchhoff’s law on the common node of the current source, diode and 

resistances, the PV current can be derived by: 

Ipv = Isc − Id − (
v−Is∗Rs

Rsh
)                                    (1.2) 

Ipv: represents the output current to be fed through the load  

Id:  represents the diode current.  

Isc: represents the solar-generated current which can be calculated as follow [3,4]: 

Isc(G) = (Iscref + Ki ∗ Tdif)
G

Gr
                                  (1.3) 

Ki: is the temperature coefficient 

Tdif: is the difference between ambient temperature and the reference (Tdif = Tk − Tr) 

G and Gr: are the operating and reference irradiances, respectively.  

Iscref: is reference short circuit current (1000W/m2). 

 

 

 

 

Meanwhile, the reverse saturation current (Irs) at a certain reference temperature 

can be calculated using equation (1.4). [5,6] 

Figure 1.7: Equivalent circuit model for PV cell.[2] 
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Irs =
Isc

exp⁡(
q∗Eoc

Kb∗A∗Tk
−1)

                                               (1.4) 

 

A: is the diode ideality factor,  

q: is the constant known as the electron charge (q = 1.602 × 10−19 C);  

Kb: is the Boltzmann constant.  

As stated earlier, Io is the diode current that will be calculated by the Shockley 

Equation (1.5) [7]: 

Io = Io1 [exp (
q(Vpv+Ipv∗Rs)

A∗Kb∗Tk
) − 1]                        (1.5) 

 

In the meantime, the diode saturation current (Io1) fluctuates in accordance with 

particular environmental changes, and so can be determined by equation (1.6) [4,6] 

Io1 = Irs (
Tk

Tr
)
3
exp [

q∗Eg0⁡

A∗Kb
(

Tdif

Tr∗Tk
)]                          (1.6) 

Ego: refers to the band gap energy for the silicon Ego is in the range [1.1-1.2 eV] 

 

Finally, we obtain the formula for the PV cell’s output current [4] 

Ipv = Isc − I01 ⌊exp (
q(Vpv+Ipv∗RS)

A∗Kb∗Tk
) − 1⌋                  (1.7) 

 

Rsh: is the parallel resistance which normally has a high resistance and sometimes 

assumed infinity, due to its slight impression.  

RS:  is the series resistance which value cannot be ignored according to its impacts 

on output power.  

 

Figure 1.8 shows the I-V characteristics of the solar cell, when exposed to the sun 

light and connected to a load, for a given temperature. Three zones can be  

 

observed: MN region, where the current is nearly constant, PS region in which 

the voltage is also nearly constant and NP region which contains the maximum 

power point A 
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1.3.2- PV Module 

 

      From a practical standpoint, the output power of a single solar cell is insufficient 

for any useful application in this context, so the overall capability of the PV system 

should be enhanced by connecting the cells either in series or in parallel. 

Manufacturers supply PV cells in modules consisting of Np parallel branches and Ns 

solar cells in series. The overall objective of this module encapsulation is protecting 

cells and maximizing the output amount.  

 

Each configuration either series or parallel has its own effect on the output current 

Figure 1.9 shows the IV curve of the two configurations. 

 

 

 

 

When connected in series: there is an increase in the overall voltage, when 

connected in parallel: there is an increase in the overall current. When Ns series 

Figure 1.8: A typical current(I-V) curve for a solar cell for different loads. 

 

Figure 1.9: Connection of identical PV cells. (a)In series_(b) In 

parallel. 

 



 
10 Chapter One: Modeling of Photovoltaic System Parameters 

cells are connected, we may calculate the output current of the module using 

equation (1.8) [8] 

F(Ipv, Vpv, Tk, G) = Iph − Ipv − I01 [exp (
q(Vpv + Ipv ∗ Rs

Ns ∗ A ∗ K ∗ Tk
) − 1] 

−
(Vpv+Ipv∗RS∗NS

Rp∗Ns
= 0                                             (1.8) 

 

1.3.3- PV array 

  

Is the connection of multiple modules in series or in parallel in order to increase 

the output power of the system either by increasing current or voltage or both at the 

same time .for modules in series which have the same current , the sum of voltages 

would be applied to know the entire output voltage , for modules in  parallel which 

have the same voltage the sum of current would be applied to know the entire output 

current . 

When high power is needed the combination of series and parallel modules is 

required for which the IV total curve would be the sum of individual modules IV 

curves  

The mathematical model of the array can be found using equation (1.9) 

 

I = (Npp ∗ Isc − Npp ∗ I0 ∗ (e
(
V
NS

+
I

NPP
x⁡RS)X

1
A∗VT∗NS − 1) −

V −
Nss ∗ I ∗ RS

Npp

Rp
) 

(1.9) 

Where:  

   Npp: is the number of modules connected in parallel.  

   Nss: is the number of modules connected in series. 
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1.4   Non-Linear characteristics of PV’s 

 

The performance of the PV system is highly dependent on the weather conditions 

mainly the temperature and irradiance which vary momentarily, but affect the 

characteristics of the array dramatically. 

The following figures 1.10, 1.11, 1.12 and 1.13 show the effect of temperature 

and irradiance on both I-V curve and P-V curve  

 

 

 

 

 

 

 

Figure 1.10: Effect of temperature changes on I-V curves. 

 

Figure 1.11: Effect of solar irradiance changes on I-V curves. 
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It is clear from the previous figures that the output power of PV’s is directly 

proportional with the amount of solar irradiance falling on it, and inversely 

proportional with its temperature. Figures 1.12 and 1.13 show that with the change 

of the temperature and the solar irradiance the point at which maximum power can 

be obtained also changes, this means that the array terminal voltage must be varied 

Figure 1.12:  Effect of temperature changes on P-V curves. 

 

Figure 1.13: Effect of solar irradiance changes on P-V curves. 
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using DC-DC converters in order to track the maximum power point. Maximum 

power point tracking methods will be discussed in details in chapter 2. [9] 

 

1.5  Characteristics of the PV System under Partial Shading 

 

In any outdoor environment, the whole or some parts of the PV system might be 

shaded by trees, passing clouds, high building, etc., which result in non-uniform 

insolation conditions. During partial shading, a fraction of the PV cells which receive 

uniform irradiance still operate at the optimum efficiency. Since current flow through 

every cell in a series configuration is naturally constant, the shaded cells need to 

operate with a reverse bias voltage to provide the same current as the remaining cells. 

However; the resulting reverse power polarity leads to power consumption and a 

reduction in the maximum output power of the partially-shaded PV module. 

Exposing the shaded cells to an excessive reverse bias voltage could also cause 

“hotspots” to appear in them, and creates an open circuit in the entire PV module. 

This is often resolved with the inclusion of a bypass diode to a specific number of 

cells in the series circuit. [10] 

 figure 1.14 shows the PV under partial shading conditions  

 

 

 

 

 

The mathematical model of a module under partial shading can be found by 

considering (n-1) series cell not shaded and one cell is under partial shading, this cell 

Figure 1.14: PV system under partially shaded 

conditions caused by passing cloud. 

 



 
14 Chapter One: Modeling of Photovoltaic System Parameters 

has a current Isc= 0 hence the voltage across the module can be calculated using 

equation 1.10 

 

 

VSH = ⁡V(n − 1)⁡–⁡(Rp⁡ + ⁡RS)⁡I⁡⁡⁡                           (1.10) 

 

Where:  

VSH: is the voltage of shaded cell  

Vn-1: is the voltage of series (n-1) unshaded cells 

Vn-1 can be expressed also as shown in equation 1.11 

 

Vn − 1 = (
n−1

n
) . V                                      (1.11) 

Substituting in Vsh we obtain equation 1.12  

 

Vsh = (
n−1

n
)V − (Rp + Rs). I                            (1.12) 

 

Using result of equation 1.12 we can calculate the voltage drop due to partial 

shading of a cell using equation 1.13  

 

∆V = V − Vsh = V − [(
n − 1

n
)V − (Rp + Rs). I] 

Vn=>⁡∆V =
V

n
+ (Rp + Rs)I                                 (1.13) 

 

Taking           Rp >> Rs               We can find  

 ∆V =
V

n
+ Rp. I 

 

The power drop due to partial shading on one cell can be found using equation 1.14 

P = ∆V ∗ I                                                    (1.14) 

 

 The Bypass diode and Blocking diode: 
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the problem of partial shading is often resolved with the inclusion of a bypass 

diode to a specific number of cells in the series circuit. Figure 1.15 shows the 

connection of bypass diodes into an array of 3 parallel strings holding 4 series 

modules each. 

 

 

 

Figure 1.16 shows the Power-voltage curve of each string with: string 1 under 

partial shading of 2 modules, string 2 partial shading of 1 module and last string 3 

without shading.[12] 

 

 

 

 

It is important to note that the characteristics of an array with bypass diodes 

differ from the one without these diodes. Since the bypass diodes provide an 

Figure 1.15: the connection of bypass and blocking diodes to a PV array. 

Figure 1.16: Power-voltage curve of each string under partial shading.  
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alternate current path, cells of a module no longer carry the same current when they 

are partially shaded. Therefore, the power-voltage curve develops multiple maxima. 

Unfortunately presenting multiple maxima in the P-V characteristic is a crucial 

issue and most of the conventional MPPT algorithms may not distinguish between 

the local and global maxima. 

Figure 1.17 shows how the extractable maximum power point differs in PV array 

with and without bypass diodes.[11] 

 

 

 

 The Blocking diode: 

 In a solar power system consisting of more than one string connected in parallel, 

if a short circuit occurs in one of the strings, the blocking diode prevents the 

other PV strings to discharge through the short-circuited string. 

        

  

Figure 1.17: Power-voltage curve of a PV array under partial 

shading with and without bypass diode. 
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1.6  Conclusion  

 

In this chapter we have introduced the photovoltaic principles and models and 

observed the effect of the environment on this technology and the solutions that have been 

used until now to overcome these drawbacks, where the bypass diode have been used in 

partial shading conditions. However due to its drastic effect on the PV characteristics, the 

tracking of the maximum power point of the curve became imminent. Many researches 

were conducted in this field and multiple algorithm were tested in order to develop the 

most efficient MPPT controller to increase the efficiency of the system. 
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2.1 Introduction 

 

One of the most important optimizations in a solar system is the maximum power 

point tracking (MPPT). In a photovoltaic system it aims to maximize the power 

delivered from the panels to the load. Power output from the PV panel is constantly 

varying with different temperatures and irradiances. At a given temperature and 

irradiance the PV panel has a unique maximum power output value called the 

maximum power point (MPP). Tracking it  is essential for instance on winter days 

where sunlight is available for just few hours ,therefore  it becomes necessary to 

maximize the power output from the panels to be able to charge batteries as fast as 

possible.  

In this chapter we  will introduce  the critical elements that form an MPPT system : 

the DC/DC converter,  the  feedback system, the PV power source, the  load ,and the 

control unit into which three algorithms are  considered: a conventional algorithm, the 

Incremental Conductance and  two new algorithms which are Golden Section Search 

GSS and the PSO (particle swarm optimisation ). 

 

2.2 Maximum power point tracking 

 

The maximum power output from the PV is highly varying with temperature and 

irradiance, with such constantly changing variables no fixed values can be assigned in 

advance for the maximum power points.  

MPPT algorithms which run on a controller tracks this MPP through different 

techniques by sensing the input and producing an output that operates the system at the 

critical point or a value close to it. All MPPT algorithms operate on automatically 

finding Vmpp and Impp that correspond to the Maximum power point. 

  Figure 2.1 consists of a PV panel from which the voltage and current values are 

sampled, a controller that runs the MPPT algorithm to adjust the voltage, a pulse width 

modulation unit that sends the appropriate signal to the DC/DC converter changing the 

voltage thus changing the output power. Finally, the power is supplied to a battery or 

Inverter to be inverted to AC form. 
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Figure 2.1: MPPT tracking system. 

atom 

 

 

2.3  MPPT Components 

2.3.1- Controller 

The part of the PV system that tracks the MPP is the controller which  implements 

an algorithm that keeps track of the maximum power point by sensing the inputs and 

sending the appropriate control signal to the chopper to adjust the voltage that 

corresponds to the Vmpp the voltage value of the maximum power point to operate at 

R-optimum the equivalent resistance value of the maximum power point. 

     2.3.2- DC/DC Converter 

When proposing an MPP tracker the major job is to choose and design a highly 

efficient converter which is supposed to operate as the main part of the MPPT , among 

the topologies available the buck boost converter is the only one which allows the 

follow-up of the PV module maximum power point regardless of temperature, 

irradiance and connected load .it provides the opportunity to have either higher or 

lower output voltage compared with the input voltage , it is cheap , and widely used in 

MPPT systems. 

The proposed DC-DC buck boost converter with minimal number of switches is 

shown in figure 2.2 
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Figure 2.2: Proposed DC-DC buck-boost converter. 

atom 

 

Figure 2.3: Sample switching pulse. 

atom 

 

 

 

The control of the output from the DC-DC converter is based on the input signal to 

the electronic switch this input signal is called the duty cycle. 

The Duty cycle defined by the ratio between the electronic switch is ON (closed) 

and the total switching period. Thus, the duty cycle value lies in the following range 

0 < Duty cycle < 1 

The total period of switching is shown in equation 1 

T = ton + toff 

The Duty cycle can be computed using equation 2  

d= ton /T  

figure 2.3 shows the computation of the duty cycle using pulses  
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2.3.3- Pulse Width Modulation Unit (PWM)  

 

It is the unit that actually feeds the input duty cycle to the converter switch. The 

main advantage of PWM is that power loss in the switching devices is very low. When 

a switch is off there is practically no current, and when it is on, there is almost no 

voltage drop across the switch. Power loss, being the product of voltage and current, is 

thus in both cases close to zero. PWM also works well with digital controls, which, 

because of their on/off nature, can easily set the needed duty cycle. 

2.4 MPPT Algorithms 

Various algorithms have been implemented to track the MPP, each algorithm has its 

own advantages and drawbacks. Algorithms can vary in their complexity, area used, 

power consumption, convergence, speed, and other aspects. The algorithms have been 

classified as conventional such as P&O or incremental conductance that hardly 

differentiate between local and global maxima or as new MPPT techniques such as 

Golden Section Search Algorithm (GSS), Particle Swarm optimization (PSO). 

 

2.4.1- Incremental Conductance  

 This method uses the PV array's incremental conductance 
dI

dV
 to compute the sign 

of 
dP

dV
. When 

dI

dV
 is equal and opposite to the value of I/V (where  

dP

dV
= 0) the algorithm 

knows that the maximum power point is reached and thus it terminates and returns the 

corresponding value of operating voltage for MPP. This method tracks rapidly 

changing irradiation conditions more accurately than P&O method. One complexity in 

this method is that it requires many sensors to operate and hence is economically less 

effective [14] and [15].  

P=V*I                                                           (2.1) 

 

Differentiating w.r.t voltage yields: 

dP

dV
=

d(V∗I)

dV
                                                    (2.2) 
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Figure 2.4: Flowchart of the IC method with direct control. 

atom 

 

dP

dV
= I ∗ (

dV

dV
) + V ∗ (

dI

dV
)                                             (2.3) 

 

dP

dV
= I + V ∗ (

dI

dV
)                                                     (2.4) 

 

When the maximum power point is reached the condition would be: 

dP

dV
= 0                                                             (2.5) 

 

I + V ∗ (
dI

dV
) = 0                                                        (2.6) 

 

dI

dV
=

−I

V
                                                              (2.7) 
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In figure 2.4, V (k) is the new measured voltage and I (k) is the new measured 

current, V (k-1) and I (k -1) are the previous measured values. When the new value is 

injected into the program, the previous value and the new one is compared, then it 

determines if the voltage differentials is zero or not. According the voltage differentials 

if it is zero, the current difference can be determined i f it  i s  zero or not. If both of 

them are zero, it means that they have the same value of impedance and the value of 

duty ratio will remain the same as before. If the voltage differential is zero, but the 

current differential is not zero, it means that the insolation has changed. When the 

difference of the current values is greater than zero, the duty cycle will be increased, 

when the difference of the current value is less than zero the duty cycle will be 

decrease, If the voltage differential is not zero we check   whether it satisfy the 

equation 2.7 or not, when equation .2.7 is satisfied the slope of the power curve will be 

zero, that means the system  is operating at MPP, if the variance of conductance is 

greater than the negative conductance values, it means the slope of the power curve is 

positive and the duty cycle  is to be increased, otherwise it should be decreased [16], 

[17]. 

 

2.4.2- Golden Section Search GSS: 

Golden Section Search method is an optimization technique. This technique is 

based on shrinking sequentially the interval inside which the optimum is located. Two 

points 𝑋1, 𝑋2, are selected within the interval such that each point subdivides the 

interval into two parts satisfying: [21],[22]. 

Length of the line / Length of larger fraction = Length of larger fraction / Length of 

smaller fraction 

 

 

𝐿

𝐿1
=

𝐿1

𝐿2
(𝐿 = 𝐿1 + 𝐿2)                       (2.8) 

𝑡𝑎𝑘𝑖𝑛𝑔   
𝐿2

𝐿1
= 𝑅   

𝐿1 𝐿2 
     b 𝑋.      a 
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 the equation will be 1 + 𝑅 =
1

𝑅
 𝑜𝑟 𝑅2 + 𝑅 − 1 = 0 

 

The solution of this equation is: R=0.618 which is the golden ratio. The previous result 

leads to the following equations 2.9 and 2.10 of 𝑋1 and 𝑋2: 

1 0.618(b a)X a           (2.9) 

2 0.618(b a)X b          (2.10) 

The function f(x) in interest is evaluated at these points  𝑋1, 𝑋2.  

 

 If f (𝑋1) < f (𝑋2), the abscissa of the maximum point cannot be less than 𝑋1. Thus, 

we may conclude that the maximum is in the range of (𝑋1, b] which is taken as the new 

interval for the next iteration. 

 

 Else, if f (𝑋1) > f (𝑋2), the maximum’s abscissa must be less than  𝑋2. Therefore, 

the maximum must lie in the range [a, 𝑋2), the interval taken in the next iteration. The 

process is continuously repeated until the difference |𝑋1-𝑋2| is less than a certain chosen 

precision, the resultant maximum’s abscissa is given at point  

 

  𝑋0 =
1

2
 (𝑋1 + 𝑋2).    (2.11)  

 

Figure 2.5 shows the flowchart of the implemented algorithm 
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Figure 2.5: Flowchart of the GSS method. 

 

 

 

2.4.3- Particle Swarm Optimisation PSO: 

PSO is simple robust, intelligence optimization and meta heuristic approach, 

proposed in 1995, it is a type of Evolutionary Algorithm (EA) search optimization 

technique; originated by the attitude of the birds in group to solve the difficulties 

involved in optimization or search process.[18] 

PSO uses a number of agents (particles) that constitute a swarm moving around 

in the search space looking for the best solution; each particle keeps track of its 

coordinates in the solution space which are associated with the best solution (fitness 
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function) that has been achieved so far by that particle. This value is called personal 

best: Pbest, another best value that is tracked by the PSO is the best value obtained so 

far by any particle in the neighbourhood of that particle; this value is called Gbest. 

During the optimization process, the particles take up the objective function’s 

values, while their Gbest and Pbesti are saved. The basic PSO algorithm which 

determines the next velocity and position of the candidate solution can be given 

mathematically by equations (2.11) and (2.12) 

 

Vi
k+1 = w ∗ Vi

k + r1 ∗ c1 ∗ (Pbesti − xi
k) + r2 ∗ c2 ∗ (Gbest − xi

k)              (2.11) 

 

xi
k+1 = xi

k + Vi
k+1                                               (2.12)    

Where:  

i: represents the variable of the optimization vector, 

k is the number of iterations 

Vi
k and xi

k : the velocity and position of the ith variable within k iterations 

 W:  is known as inertia that maintains a 

balance between the local and global search. 

c 1 and c 2: are acceleration constants.  

r 1 and r 2: are two generated random numbers uniformly distributed in the interval   

[0-1]. 

 

The variable Pbesti records the best position affected by the ith particle up to the 

exact time of measurement. The equation (2.13) indicates that this position is only 

recorded as Pbesti if the condition stated below is satisfied. 

 

Pbesti = xi
k  if  fit (xi

k) ≥ fit(pi)                                   (2.13) 

 

Figure 2.6 shows how the vectors are related to obtain the new velocity and 

displacement during an optimisation process   
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Figure 2.6: Movement of particles in the optimization process.[20] 
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The steps that are involved in PSO algorithm for extracting GMPP are as follow:  

 Initially, PSO originates random particles in a search space. Where the velocity of each 

particle is also randomly chosen.  

 PSO evaluates the fitness function for each particle using equation (2.11). 

 PSO Finds out the particles personal and best global solution amongst entire particles.  

 It Evaluates and informs the velocity and position of each particle for current iteration. 

 If the condition of convergence is fulfilled, PSO stops the search process, if the 

condition is not fulfilling then it rises the iteration count and once again starts the 

evolution of fitness process.[19] 

 

 PSO in maximum power tracking principle:  

 

In this project the PSO has been used in the research of the maximum power point and 

the Generation of the duty cycle depending on the MPPT, this algorithm has been 

implemented following the steps:  

1- Generating the swarm: by defining the initial particle position as the duty cycle and 

the initial particle velocity as the incrementation in the duty cycle i.e ∆d. 

2- Initializing the values of the constants of PSO & the initial powers are usually 

taken randomly for the proposed algorithm the particles are initialised at fixed and 

equidistant points within the predefined interval [0-Voc]  

3- Evaluating the fitness function: the function is evaluated after each time the particle 

is injected i.e. the duty cycle, the power can be computed from the voltage and 

current corresponding to the duty cycle 
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Figure 2.7: Flowchart of PSO based on GMPPT.[20]. 

 

 

4- Determining of Pbest and Gbest: each particle has its own Pbest and each swarm 

has Gbest which would be the best of all particles in the swarm. 

the new Pbest and Gbest are compared with the previous swarm’s Pbest and Gbest 

5- Updating the velocity and the position of each particle using equations (2.8) and 

(2.9) 

6- Checking the convergence: if the final criterion is met the algorithm converges and 

stops the computation, otherwise, a new iteration is performed keeping in memory 

the results obtained from the previous iteration, steps from 2 up to 6 are performed. 

Figure 2.7 shows the flowchart of the implemented algorithm 
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2.5 Conclusion  

       In this chapter we have seen three algorithms which are widely used in MPPT, a 

conventional one which is the incremental conductance and two algorithms, the Golden 

section algorithm and the PSO. These three algorithms are to be tested in the next chapter 

to compare their efficiencies under normal and partial shading conditions. 

 



 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Chapter Three 
 

Simulation and 

Results 



 
30 Chapter Three Simulation & Results 

 

3.1 Introduction 

In this chapter we have used MATLAB programs & Simulink to model our 

MPPT tracking system. We will illustrate the Simulink models and discuss the 

results of the used algorithms. 

3.2 Presentation of the system without MPPT Controller 

During our work we use a 1Soltech 1 STH-215-P array for Simulation of both 

single PV module and an array of five modules in series, table 3.1 shows the most 

important data of this particular panel. 

Voc Isc Vmp Imp Ns Pmp 

36.3 

(V) 

7.84 

(A) 

29 

(V) 

7.35 

(A) 

60 213.15 

(W) 

 

3.2.1- PV module characteristics (single- multiple) under uniform 

irradiance: 

Figure 3.1 shows the Simulink model of a single PV module connected to 

measurement tools to obtain its characteristics.  

   

  

Figure 3.1: Simulink model of a single PV module. 

 

Table 3.1: parameters of STH-215-P 
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Figure 3.2 shows the obtained curves from the simulation of the previous model   

 

 

Figure 3.3 shows the simulation results of an array of 5 similar modules in series. 

 

 

We notice that the maximum power point of five modules under uniform irradiance is five 

times the one of a single module that is 213.15V. 

  

Figure 3.2: P-V and I-V characteristics of a single module. 

 

Figure 3.3: P-V and I-V characteristics of 5 modules in series. 
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3.2.2- PV module characteristics under partial shading condition: 

 

Under partial shading using bypass diodes the model exhibits multi peaks 

characteristics due to the diode effect on the current and hence on the power. 

Figures 3.4 and 3.5 show the Simulink model of 5 modules in series under partial 

shading connected to bypass diodes, and their I-V and P-V characteristics in these 

conditions  

                 

 

Figure 3.4: Simulink model of 5 modules in series under PS with bypass 

diodes. 
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Due to non-uniform solar irradiance we notice that the P-V & I-V curves exhibit 

multi-peaks. 

 

3.3 Presentation of the system with MPPT Controller 

 

3.3.1 Non inverting buck-boost converter (DC-DC converter): 

To simulate a non-inverting DC-DC converter we have chosen to work with 

the electrical elements that are available in the market to ensure better results that can 

be confirmed with the implementation. 

 We have modeled the buck boost converter using a constant dc voltage source and a 

duty cycle comparator. The parameters of Dc source, the capacitor, the inductor and 

the switch are listed below: 

Figure 3.5: I_V and P_V curves of 5 modules in series under PS with bypass diodes. 
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 Inductance H= 250 e-6 (H) 

 Ideal switch:  

o  Internal resistance Ron (Ohms): 0.001 

o Initial state (0 for ‘open’ 1 for closed): 0 

o Snubber resistance Rs (Ohms): 1e5 

o Snubber capacitance Cs (F): inf  

 Capacitor C= 1000 e-3 (F) 

 Source: Vdc = 213.15 V (the Vmp of our PV module)  

Figure 3.6 shows the model of the non-inverting DC-DC chopper with its 

control  

 

 

 

Figure 3.7 shows the obtained voltages from the dc chopper where the voltage 

has been boosted from 213.15 to approximately 410V. and Then bucked from 

213.15 to approximately 105 V. 

 

Figure 3.6: Simulink model of a non-inverting buck boost converter. 
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Figure 3.7.b: Output voltage of a non-inverting buck-boost converter. 

 

Figure 3.7.a: Output voltage of a non-inverting buck-boost converter. 
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3.3.2 Incremental Conductance  

3.3.2.1- Incremental Conductance MPPT for a Single Module- 

under uniform conditions:  

To test the incremental conductance tracking method, we have integrated a 

MATLAB code as a function, which accepts the Vpv and Ipv as inputs from the 

system and generates a reference voltage (Vref) that is to be compared with Vpv to 

generate the duty cycle which controls the DC –DC converter switches.  

First, we have defined the initial values as shown in table 3.2 

 V(initial)  V(max)  V(min)  Delta V 

 5  50  5  0.5 

 

Under Uniform conditions we have used a customized profile of irradiance as shown 

in table 3.3 

 

 

 

 

  

Irradiance (w/m²)  1000  600  800 

Table 3.3: Irradiance profile under uniform conditions. 

 

Table 3.2: Initialization of parameters for a single module. 
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   Figures 3.9  3.10 & 3.11 shows the voltage,  current & power curves of simulation results 

     

 

Figure 3.9: Voltage curve of single PV module using incremental conductance MPPT. 

 

Figure 3.8: Simulink model of a PV module using MPPT controllers. 
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Figure 3.11: Power curve of single PV module using incremental conductance MPPT. 

 

Figure 3.10: Current curve of single PV module using incremental conductance MPPT. 
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3.3.2.2- Incremental Conductance MPPT for Five Series  

Modules- under uniform conditions:  

To verify the efficiency of our system we have used several modules in series 

joined with bypass diodes to obtain daily life conditions (with partial shading). 

Two experiments were performed using the incremental conductance controller, 

the first simulation is at uniform conditions for the 5 series modules i.e. the same 

temperature & irradiance variation for all the modules, the second simulation is 

under partial shading i.e. The 5 series modules are at non-uniform irradiance. 

 for 5 series modules with bypass diodes the initializations used in incremental 

algorithm is shown in table 3.4 

V(initial)  V(max) V(min) Delta V 

70 152 15 0.5 

 

 Figure 3.12 shows the overall system of 5 series connected modules with bypass 

diodes using incremental conductance controller  

Table 3.4: Initialization parameters for 5 series modules. 
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 Figures 3.13  3.14 & 3.15 show the voltage,  current & power  curves of 5 

modules under uniform irradiance using INC Controller. 

              

Figure 3.13: Voltage curve of five PV modules under uniform conditions using 

incremental conductance MPPT. 

 

Figure 3.12: Overall system of 5 series connected modules with different 

MPPT controllers. 
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Figure 3.14: Current curve of five PV modules under uniform conditions using 

incremental conductance MPPT. 

 

Figure 3.15: Power curve of five PV modules under uniform conditions using 

incremental conductance MPPT. 
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3.3.2.3- Incremental Conductance MPPT for Five Series 

Modules- under Shading conditions:  

 Figures 3.16  3.17 & 3.18 show the voltage  current & power  curves of 5 

modules  under partial shadding using INC Controller 

  

 Under non-uniform conditions we have used a customized profile of irradiance as 

shown in table 3.5 

   

 

  

          

Irradiance(w/m²) 1000 900 800 700 600 

Figure 3.16: Voltage curve of five PV modules under non-uniform conditions 

using incremental conductance MPPT. 

 

Table 3.5: Irradiance profile under non-uniform conditions for 5 series modules. 

Wfua,z 
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Figure 3.17: Current curve of five PV modules under non-uniform conditions 

using incremental conductance MPPT. 

 

Figure 3.18: Power curve of five PV modules under non-uniform conditions 

using incremental conductance MPPT. 
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 3.3.3 Golden Section Search GSS  

3.3.3.1- GSS MPPT for a Single Module- under uniform 

conditions: 

  The second algorithm to be used is the golden section search instead of 

incremental conductance with approximately same approach and same profile of 

irradiance of table 3.3 as well as the initial values as shown in table 3.2. 

 

 Figures 3.19  3.20 & 3.21 show the voltage, current & power  curves of a single 

module under uniform irradiance using GSS Controller 

  

                  

      

    

Figure 3.19: Voltage curve of single PV module under uniform conditions using 

GSS MPPT. 
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Figure 3.20: Current curve of single PV module under uniform conditions using 

GSS MPPT. 

 

Figure 3.21: Power curve of single PV module under uniform conditions using 

GSS MPPT. 
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3.3.3.2- GSS MPPT for Five Series Modules- under uniform 

conditions:  

Using the Simulink model shown in figure 3.12 we have changed the initial values 

as shown in table 3.4 with Gss function for 5 series modules with bypass diodes. 

As in incremental conductance even in GSS we have used uniform irradiance 

and partial shading for the 5 series modules. In the uniform conditions the 

irradiance is the same as the one in table 3.3. 

 Figures 3.22  3.23 & 3.24 show the voltage  current & power  curves of 5 series 

modules under uniform irradiance using GSS Controller 

  

  

Figure 3.22: Voltage curve of five PV modules under uniform conditions using 

GSS MPPT. 
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Figure 3.23: Current curve of five PV modules under uniform conditions using 

GSS MPPT. 

 

Figure 3.24: Power curve of five PV modules under uniform conditions using 

GSS MPPT. 
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3.3.3.3- GSS MPPT for Five Series Modules- under Shading 

conditions:  

Figures 3.25  3.26 & 3.27 show the voltage  current & power  curves of 5 

series modules under partial shadding using GSS Controller 

 

                      

         

Figure 3.25: Voltage curve of five PV modules under partial shading conditions 

using GSS MPPT. 
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Figure 3.27: Power curve of five PV modules under partial shading conditions 

using GSS MPPT. 

 

Figure 3.26: Current curve of five PV modules under partial shading conditions 

using GSS MPPT. 
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  3.3.4 Particle Swarm Optimization PSO 

 3.3.4.1 PSO MPPT for a Single Module- under uniform 

conditions: 

The third algorithm to be used is the PSO where it generates the duty cycle 

to be injected in the buck-boost we have initialized the PSO algorithm as shown in 

table 3.6 

Nbr of 

iterations 

Swarm 

size 

Intial 

duty 

cycle D 

Initial 

velocity  

Personal 

best of 

D 

Global 

best of 

D  

5 3 [0.2 0.5 

0.8] 

[0.001 

0.001 

0.001] 

[0 0 0]  0 

  

Table 3.7 shows the PSO based algorithm constants 

C1 C2 R1 R2 W(inertia) 

1.2 1.6 random random 0.4 

  

 For the profile of the irradiance we have worked with 1000w/m² and 800 w/m² 

  

 Figures 3.28  3.29 & 3.30 show the voltage  current & power  curves of a single 

module under uniform irradiance using PSO Controller 

Table 3.6: initialization parameters for a single module. 

Wfua,z 

Table 3.7: PSO Algorithm constants. 

Wfua,z 
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Figure 3.28: Voltage curve of single PV module under uniform conditions 

using PSO MPPT. 

 

Figure 3.29: Current curve of single PV module under uniform conditions 

using PSO MPPT. 
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 3.3.4.2- PSO MPPT for Five Series Modules- under uniform 

conditions 

The PSO algorithm takes a longer time to converge than GSS and Inc due 

to the multiple iterations it performs, therefore we have used only one 

normal condition for all PVs (1000w/m²). 

 Figures 3.31  3.32 & 3.33 show the voltage  current & power  curves of 5 

series modules under partial shading conditions using PSO Controller 

     

 

 

Figure 3.30: power curve of single PV module under uniform conditions 

using PSO MPPT. 

 

Figure 3.31: Voltage curve of five PV modules under uniform conditions 

using PSO MPPT. 
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 3.3.4.3- PSO MPPT for Five Series Modules- under Shading 

conditions 

For PSO  algorithm we have kept the same partial shading conditions for 

incremental algorithm . 

 Figures 3.34  3.35 & 3.36 show the voltage  current & power  curves of 5 series 

modules under partial shading conditions using PSO Controller 

Figure 3.33: Power curve of five PV modules under uniform conditions 

using PSO MPPT. 

 

Figure 3.32: current curve of five PV modules under uniform conditions 

using PSO MPPT. 
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 Discussion: 

Under uniform irradiance: 

Figure 3.34: voltage curve of five PV modules under partial shading 

conditions using PSO MPPT. 

 

Figure 3.35: current curve of five PV modules under partial shading 

conditions using PSO MPPT. 

 

Figure 3.36: Power curve of five PV modules under partial shading 

conditions using PSO MPPT. 
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 For single or multiple modules in series GSS and PSO oscillates, while 

searching for the MPP whereas InC does not oscillate. 

 For single or multiple modules in series comparing the results of the three 

algorithms, we notice that all of them converges to the MPP, though GSS 

converges faster than incremental conductance and PSO which is the most 

time consuming.  

Under shading condition: 

 The three algorithms converged to different MPPTs: 

 the incremental conductance MPPT did not reach the global peak and 

converged to the third peak of figure 3.5 to the power value of 555W, the 

GSS MPPT also did not reach the global MPP though converged to the 

fourth peak of figure 3.5 to the value of 650 W, but PSO is the one which 

reached the global MPP since it converged to the fifth peak of the figure 3.5 

to the value of 750W. 

 The most efficient algorithm is the PSO since Inc and GSS did not converge 

to the GMPP. 

3.4 Conclusion 

In this chapter we have seen the performance of the PV system connected to 

a buck-boost converter, through the means of an MPPT tracker to control the 

buck and boost modes of the converter by obtaining the accurate duty cycle 

under normal conditions and partial shading conditions. 

Incremental conductance, the golden section search, and the particle swarm 

optimization were used as MPPTs. Each algorithm was tested under normal and 

partial shading conditions. The most efficient algorithm was found to be the 

PSO, since it converged to the GMPP while neither algorithm did. 
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4.1 Introduction  

The final step of this project is the implementation part, we will implement the system 

described in the previous chapter, each part would be explained and illustrated. This work is 

divided into two parts: the control and power circuits, the control circuit consists of generating 

the gating signals for the control of the DC-DC converter, and the power circuit would consist 

of driver circuit for the MOSFET of the buck-boost converter, the PV array and finally the 

measurement circuit. We first test the characteristics of the PV module using a variable 

resistor, then we apply our algorithms in the control circuit to track the MPPT, the obtained 

results are discussed by the end. 

4.2 Real PV characteristics 

In order to test the performance of the whole system the characteristics of the PV 

panels, IV and PV curves, are necessary for the evaluation of the efficiency of the MPPT 

algorithm. For this purpose, we have connected the PV array to a variable resistor and 

recorded the values for Ipv and Vpv for multiple resistances at 9 am and at 16 pm, and finally 

plotted the correspondent IV and PV curves, a Volt-meter and an Ampere-meter are used for 

measurement purpose.   

For the PV array we have connected five modules in series, and bypassed each module 

using a diode (1A). The parameters of the PV module are listed below: 

o Type P-5 W 

o Peak power (Pmax)=5W 

o Open circuit voltage(Voc)=11.1V 

o Maximum power voltage (Vmp)=9.0V 

o Short circuit current (Isc)=0.62A 

o Maximum power current (Imp)=0.56A 

o Maximum system voltage =1000 V 

o Power tolerance = ±3% 

o Dimension (mm)=250*200*17 
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Figure 4.1 shows an image of the implemented circuit of PVs and variable resistor 

 

 

 

Table 4.1 shows the recorded values of Ipv and Vpv using a variable resistor at 9 am 

  

 

Ipv 0,61 0,61 0,61 0,61 0,61 0,61 0,61 0,61 0,61 0,61 0,61 0,61 0,61 0,6 

Vpv  1,8 2,8 3,3 4,4 5,5 6,3 6,6 8,2 9 10,2 11,7 13,8 15,4 17,4 

Ipv 0,59 0,59 0.59 0,59 0,59 0,59 0,59 0,59 0,59 0,59 0,58 0,57 0,56 0,55 

Vpv  20,3 21 22,9 26,5 27,2 28,5 29,9 32 34,2 36,4 37,3 38,3 39,4 40,2 

Ipv 0,54 0,53 0,52 0,51 0,51 0,5 0,49 0,48 0,47 0,47 0,44 0,43 0,41 0,39 

Vpv  
40,7 41,4 41,9 42,3 42,6 42,9 43,3 43,7 43,8 44 44,7 45 45,3 45,8 

Ipv 0,38 0,37 0,36 0,35 0,34 0,33 0,32 0,31 0,3 0,29 0,28 0,01 

Vpv  
46 46,2 46,4 46,6 46,7 47 47,1 47,2 47,3 47,4 47,6 50,9 

Table 4.1: Recorded values for Ipv and Vpv at 9 am. 

Figure 4.1: Overall system, Variable resistor and PVs connections  
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Figure 4.2 shows the obtained curves for IV and PV characteristics for a variable resistor at 9 

am  

 

 

    

 

 

 

 

 

Table 4.2 shows the recorded values of Ipv and Vpv using a variable resistor at 4pm  

 

 

 

Ipv 0.57 0.57 0.5695 0.567 0.566 0.564 0.5635 0.563 0.562 0.559 

Vpv  0.41 0.65 0.9 2.4 4.3 7.6 11.3 14.7 16.3 18.2 

Ipv 0.558 0.556 0.554 0.553 0.552 0.55 0.549 0.5462 0.5449 0.5436 

Vpv  22.8 30 31.62 34.269 36.36 37.14 38.85 38.98 39.5 40.3 

Ipv 0.5428 0.5415 0.54 0.517 0.5 0.48 0.467 0.45 0.41 0.39 

Vpv  40.74 41.35 42.3 43.2 43.6 43.71 44.21 45.53 45.8 46.3 

Ipv 0.32 0.29 0.25 0.22 0.2 0.18 0.11 0.07 0.02 0.0003 

Vpv  46.9 47.3 47.7 48.2 48.5 48.7 49.1 49.3 49.8 50.1 

Figure 4.2: IV and PV characteristics at 9 am. 

Table 4.2: recorded values for Ipv and Vpv at 4 pm. 
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Figure 4.3 shows the obtained curves for IV and PV characteristics for a variable resistor at 4 

pm  

 

 

4.3 The Implemented System  

The whole implemented system is consisting of: the power circuit, measurement 

circuit and the control circuit. The power circuit consists of: the PV panels supplying a 

resistive load (R=250Ω - 25W) through the buck-boost dc-dc converter, the voltage and 

current of the PV panels are obtained using the voltage and current sensors. The control 

circuit is built in the Simulink, it consist of:  the DSP receiving the measured voltage and 

current  as inputs through ADC  input ports (ADCIN A0- ADCIN A1) initialized to operate as 

analog to digital converters  , running the MPPT algorithm , and generating the PWM pulses 

to be injected as inputs to the gate driver circuit with a frequency of 5 KHz through PWM 

output ports (EPWM1A-EPWM1B). 

4.3.1- Measurement devices and circuit 

To track the MPPT by finding the power we need to measure the output current Ipv 

and output voltage Vpv from the PV panel  

 

Table 4.2: recorded values for Ipv and Vpv at 4 

pm. 

Figure 4.3: IV and PV characteristics at 4pm. 
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4.3.1.a- Current sensor: 

The DSP (microcontroller) works within a voltage range of (0-3.3v) therefore we 

cannot implement Ipv directly in the DSP, so we need to convert it to voltage using 

resistors.LA 55-P LEM HALL Effect current sensor has been used to measure Ipv by 

supplying it with ±15V and measuring through a resistor Rm=100Ω 

Figure 4.4 shows the LA 55-P connection to the DSP input  

 

 

4.3.1.b- Voltage sensor:  

The voltage sensor used is the Voltage Transducer LV 25-P , which works with 10mA 

input current and 25mA output current , we have used a Total resistor of RT=6KΩ to obtain a 

current of 10 mA and a measurement resistor Rm=100, the output of the sensor is connected 

to the DSP .               

Figure 4.5 shows the LV 25-P connection to the DSP input  

 

 

 

 

Figure 4.4: the LA 55-P connection. 

 

Figure 4.5: the LV 25-P connection. 
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Figure 4.6 shows an image of the implementation of the measurement circuitry  

 

 

 

4.4 Switching elements  

Nowadays power electronic elements are widely used to control the different 

parameters of a certain circuit, among power electronics we find the switches such as 

MOSFET, BJTS, IGBTs GTO…etc. These switches are generally used to implement the DC-

DC converters and controlled by gating signals. There are current controlled devices and 

voltage-controlled devices, but voltage-controlled devices are preferred. Among these devices 

the most used are FET and IGBT, where MOSFET have fast switching time and a wide range 

of voltage and current used generally in choppers; on the other hand, IGBTS have a low 

frequency and are found exclusively in inverters. Due to the high frequency range of 

MOSFET we have chosen this component for our implementation. 

4.4.1- Gate drive circuit for MOSFET 

We are working with a non-inverting buck boost converter; therefore, we need to 

supply the gate of two different MOSFET that would be working in a complementary state 

allowing the buck and boost modes to operate separately. The DSP controller works in a 

range of (0-3.3V) however the required gate voltage signals to drive the MOSFET attain 15V. 

For this purpose a power amplifier & insulator circuit is implemented, to amplify the input 

voltage from the DSP and to protect the DSP from any damage. 

Figure 4.6: measurement circuit. 
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Figure 4.7 shows the schematic of the gate driver circuit using an optocoupler 

 

 

 

The control output from the DSP is an input to a buffer to amplify it to 5V then inject it to 

the HCNW3120 optocoupler. 

Figure 4.8 shows an image of the implementation of the gate driver for both MOSFET 

 

 

 

 

Figure 4.7 schematic of the gate driver circuit. 

 

Figure 4.8: Gate driver implementation. 
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The buck-boost converter was implemented, and tested with a DC-supply as a source 

and a constant duty cycle obtained from the PWM port of the DSP. 

Figure 4.9 shows the image the implementation of the buck boost converter  

 

 

 

In order to test the buck boost converter performance, we assumed a duty cycle 

d= 0.2 which would lead to 40% ON gate of boost switch, and 60% OFF of the buck 

switch. That is the output for MOSFET gates control. 

Figure 4.10 shows the Simulink model for setting the buck boost.  

 

Figure 4.9: DC-DC Buck-Boost converter. 

Figure 4.10: Simulink model for setting the buck boost. 
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Figure 4.11 shows the obtained PWM pulses from the DSP by assuming duty cycle 

 

 

 

 

 

 

 

 

 

 

Figure 4.11.a: obtained PWM pulses from the DSP by assuming duty cycle 

Figure 4.11.b: obtained PWM pulses from the DSP by assuming duty cycle 
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Figure 4.12 shows the Simulink model for obtaining PWM pulses from the DSP with 

receiving Vpv and Ipv from PV panels 

 

 

Figure 4.13 shows the overall implemented system 

 

 Figure 4.13: Overall system. 

Figure 4.12: Control circuit. 
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4.5 Discussion: 

 From figures 4.2 and 4.3 we notice that the IV and PV curves obtained at different 

times of the day (9am-4pm) are slightly different due to the effect of the irradiance on 

the PV array, these results confirm the theoretical ones discussed in the previous 

chapters. 

 From figure 4.10 or figure 4.12; the duty cycle obtained from the MPPT is an input to 

a comparator, two PWM signals are obtained shown in figures 4.11a 4.11b, 

one is a pulse with 3.3V average value and the second one is 0V alternatively, these 

two signals are responsible of the operation of the buck and boost modes separately. 

 Due to the lack of good components ,the drive circuit did not operate quiet well ,since 

the pulse signals obtained from the DSP are distorted when injected through the gate 

drive circuit, this problem prevented us from reaching the final step of our 

implementation for obtaining the final results after running the three algorithms INC, 

GSS and PSO. 

 

4.6 Conclusion 

  In this chapter the different steps and methodology for the design and the 

implementation of MPPT system are covered. First the power circuit is constructed, 

the PV array is implemented using five modules as in the simulation part discussed in 

chapter three and tested to obtain it’s characteristics, the measurement circuit is 

implemented using voltage and current sensors, Next the control unit is designed 

based on DSP microcontroller; its pulses are injected in the circuit of the gate driver . 

Finally, the whole system was implemented using all of the above mentioned 

apparatus, but the results did not satisfy the theoretical part due to the defected 

components. 
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General conclusion 

 

 The presented project dealt with the analysis, simulation, design, and 

implementation of a maximum power point tracker for a standalone photovoltaic system, 

using DSP C2000. 

The aim of this work was to track the maximum power point of a PV array, to 

maximize its efficiency using a conventional algorithm such as the incremental 

conductance; and new algorithms such as the golden section search, and particle swarm 

optimization. These algorithms were tested and simulated in MATLAB/SIMULINK 

software, implemented in C2000 DSP microcontroller, and finally used in the PV system, 

where the PV array is connected to a buck-boost converter which supplies a load. 

 Since the irradiance tends to vary and cannot be kept constant, the voltage across 

the load supplied by the PV system must be kept constant. Therefore, a buck boost 

converter was chosen to either increase the voltage or decrease it, depending on the specific 

value of the duty cycle obtained from the MPPT.  Each technique was tested under normal 

and partial shading conditions to specify its efficiency when generating the appropriate 

duty cycle. Simulation results have shown the effectiveness of PSO in tracking the MPP 

under uniform and non-uniform irradiance conditions.  

 The simulation and the implementation parts work with different PV arrays 

parameters, due to the non-availability of the equipment in the laboratory; the buck-boost 

converter was simulated with the values of components available to obtain accurate results 

in the implementation part. 

 
This thesis provides the guidelines for designing a simple MPPT module. 

Improvements in the design provided can be made in optimizing the real conditions using 

an emulator to provide a scoped study. 

 

 



[GATE DRIVER OPTOCOUPLER FOR MOSFET AND IGBT] Appendix  A 

 

 

 
 
 

 
 

 

HCPL-3120/J312, HCNW3120 
2.5 Amp Output Current IGBT Gate Drive Optocoupler 

Data Sheet 

 
 

Description 

The HCPL-3120 contains a GaAsP LED while the HCPL- 
J312 and the HCNW3120 contain an AlGaAs LED. The LED 
is optically coupled to an integrated circuit with a power 
output stage. These optocouplers are ideally suited for 
driving power IGBTs and MOSFETs used in motor control 
inverter applications. The high operating voltage  range 
of the output stage provides the drive voltages required 
by gate controlled devices. The voltage and current 
supplied by these optocouplers make them  ideally 
suited for directly driving IGBTs with ratings up to 1200 
V/100 A. For IGBTs with higher ratings, the HCPL-3120 
series can be used to drive a discrete power stage which 
drives the IGBT gate. The HCNW3120 has the highest in- 
sulation voltage of VIORM = 1414 Vpeak in the IEC/EN/DIN 
EN 60747-5-5. The HCPL-J312 has an insulation voltage  
of VIORM = 1230 Vpeak and the VIORM = 630 Vpeak is also 
available with the HCPL-3120 (Option 060). 

Functional Diagram 

Features 

 2.5 A maximum peak output current 

 2.0 A minimum peak output current 

 25 kV/µs minimum Common Mode Rejection (CMR) at 
VCM = 1500 V 

 0.5 V maximum low level output voltage (VOL) 
Eliminates need for negative gate drive 

 ICC = 5 mA maximum supply current 

 Under Voltage Lock-Out protection (UVLO) with 
hysteresis 

 Wide operating VCC range: 15 to 30Volts 

 500 ns maximum switching speeds 

 Industrial temperature range: -40°C to 100°C 

 SafetyApproval: 

UL Recognized 

3750 Vrms for 1 min. for HCPL-3120/J312 
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5000 Vrms for 1 min. for HCNW3120 

CSA Approval 

IEC/EN/DIN EN 60747-5-5 Approved: 

VIORM = 630 Vpeak for HCPL-3120 (Option 060) 

VIORM = 1230 Vpeak for HCPL-J312 

VIORM = 1414 Vpeak for HCNW3120 

TRUTH TABLE 
 

 
 

LED 

VCC - VEE 

“POSITIVE GOING” 
(i.e., TURN-ON) 

VCC - VEE 

“NEGATIVE  GOING” 
(i.e., TURN-OFF) 

 

VO 

OFF 0 - 30 V 0 - 30 V LOW 

ON 0 - 11 V 0 - 9.5 V LOW 

ON 11 - 13.5 V 9.5 - 12 V TRANSITION 

ON 13.5 - 30 V 12 - 30 V HIGH 

 

 
  

    

  

  

 
  

    

  

  



 

 

 

Appendix B [OCTAL BUFFER/LINE DRIVE WITH 3-STATE OUTPUTS] 

SN74LS240, SN74LS244 
 

 

Octal Buffer/Line Driver 
with 3−State Outputs 

The SN74LS240 and SN74LS244 are Octal Buffers and Line 

Drivers designed to be employed as memory address drivers, clock 

drivers and bus-oriented transmitters/receivers which provide 

improved PC board density. 

 Hysteresis at Inputs to Improve Noise Margins 

 3-State Outputs Drive Bus Lines or Buffer Memory Address 

Registers 

 Input Clamp Diodes Limit High-Speed Termination Effects 

 
GUARANTEED OPERATING RANGES 
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74LS24x

Symbol Parameter Min Typ Max Unit 

VCC Supply Voltage 4.75 5.0 5.25 V 

TA Operating Ambient 

Temperature Range 

0 25 70 C 

IOH Output Current − High   − 3.0 mA 

  − 15 mA 

IOL Output Current − Low   24 mA 
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Appendix B [OCTAL BUFFER/LINE DRIVE WITH 3-STATE OUTPUTS] 

 



[PINS OF THE DSP TMS320F28027F] Appendix C 

 

 

 

Appendix D: DSP TMS320f28027f 

S 

 

 
Table D.1: Pins’ location on the DSP TMS320f28027f 
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