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ABSTRACT

DESIGN OF NEURAL FUZZY MPPT CONTROLLER FOR PV BASED
BOOST CONVERTER

HAJI, Dilovan Muhsin
M. Sc. Thesis, Department of Electrical Electronics Engineering
Supervisor: Assoc. Prof. Dr. Naci GENC
December 2016, 69 pages

Fossil fuel consuming and the environmental problems caused by the traditional
power stations became one of people’s recent consideration. Renewable energy sources
such as photovoltaic panels and wind energy are widely used in present time. Photovoltaic
systems have the advantage of being pollution and maintenance free but their high
fabrication cost and low energy conversion efficiency are the main drawbacks.

To overcome mentioned disadvantages, a maximum power point tracking (MPPT)
controller is needed to raise the efficiency and extract the maximum produced power from
the photovoltaic systems.

Several MPPT algorithms have been proposed in literature. Regardless of some
drawbacks, incremental Conductance (IncCond) and perturbation and observation (P&O)
MPPT algorithms are usually used in PV systems duo to the ease of design and ability to
compensate the weather different circumstances such as the variation in solar irradiation
level and temperature.

This thesis proposes the PV module of YGE Solar YL250P-29b and the
implementation of Maximum Power Point Tracking (MPPT) controller based on
Adaptive Neuro Fuzzy Inference System (ANFIS) using MATLAB/Simulink framework.
The proposed controller has two input and one output, the inputs are error “e” and
variation in error “Ae”. While the output is the reference voltage to the pulse width
modulator which in his place connected to a power stage boost converter.

Depending on the simulation results, the proposed system is able to track the
maximum power point successfully under deferent weather circumstances such as

different level of irradiance and temperature.

Keywords: ANFIS, MPPT, Neuro Fuzzy, Photovoltaic, Renewable Energy.






OZET

PV BESLEMELI BOOST DONUSTURUCU ICIN NEURAL-FUZZY MPPT
KONTROLCU TASARIMI

HAJI, Dilovan Muhsin
Yiksek Lisans Tezi, Elektrik Elektronik Miihendisligi Anabilim Dali
Tez Danigsmani: Dog. Dr. Naci GENC
Aralik 2016, 69 sayfa

Geleneksel enerji santrallerinin neden oldugu fosil yakit tiiketimi ve gevre
sorunlar1 insanlarin son zamanlarda dnemli bir sorunu haline geldi. Bu sorunun ¢6zimi
icin glinimuzde fotovoltaik paneller ve riizgar enerjisi gibi yenilenebilir enerji
kaynaklarinin kullanimi yayginlagmistir. Mekanik akasmalarinin olmayis1 fotovoltaik
sistemlerin avantaji iken, yiiksek imalat maliyeti ve diisiik enerji doniistim verimliligi en
biiyiik dezavantajlardir.

Sozii edilen dezavantajlarin {istesinden gelmek ig¢in, verimliligi artirmak ve
maksimum Tretilen giicii fotovoltaik sistemlerden ¢ikarmak i¢in bir maksimum gii¢
izleme noktasi (MPPT) denetleyicisine ihtiyag duyulmaktadir. Literatirde birkag MPPT
algoritmasi dnerilmistir. Baz1 dezavantajlara bakilmaksizin, artan Iletkenlik (IncCond) ve
pertiirb ve gozlem (P & O) MPPT algoritmalari, tasarim kolaylig1 ve gilines 1sinlama
seviyesi ve sicakliktaki de8isme gibi farkli kosullara gére MPPT ozelligi
saglamaktadirlar.

Bu tez, YGE Solar YL250P-29b'nin PV moduilini ve MATLAB / Simulink
similasyon programini kullanarak Uyarlamali Sinirsel Bulanik Cikarim Sistemine
(ANFIS) dayanan Maksimum Gii¢ Noktast Izleme (MPPT) denetleyicisinin
uygulanmasini 6nermektedir. Onerilen kontrol yontemi iki giris ve bir ¢ikisa sahiptir,
girigler "e" hatasi ve "Ae" hatasindaki degisimdir. Cikti, darbe genisligi modiilatoriine
giren referans gerilimi (PWM) olup bir gli¢ kademesi olan ygkselten (Boost)
dontistiiriiciiye baglanir.

Simiilasyon sonuglarina bagl olarak, onerilen sistem, farkli 1s1ma sicakligi ve
sicaklik seviyesi gibi farkli hava sartlar1 altinda maksimum gili¢ noktasini basariyla

izleyebilmektedir.

Anahtar Kelimeler: ANFIS, Fotovoltaik, MPPT, Neuro Fuzzy, Yenilenebilir.
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1. INTRODUCTION

Photovoltaic (PV) system is one of power sources that rapidly evolving and vastly
used in modern electric technologies, brought more safe power provenance and
contamination free. The generated power in photovoltaic applications are produced by
solar panel. Solar arrays consist of multiple solar cells that transform solar rays into
electrical power. As it is pure and contamination free power resources, the submitted
project is associated with the 2009 National Green Technology Policy (Rekioua and
Matagne, 2012), which is to make the expansion of green technology industry easy and
to raise national capability for development in green technology

Although, usually the structure of solar panels has high manufacturing cost and
weak efficiency in energy transformation (Kumaresh and Prabu, 2014). By applying the
maximum power point tracking system, it can conquer the cons of solar panel (Sharma
and Jain, 2014). The MPPT, which impose the Photovoltaic (PV) modules because it is
essentially an electronic system, allowing the modules to be sufficient to make the utmost
power. MPPT is not a mechanical device that point and move straight to certain high
intensity solar array but a system dominating the electrical operating point (Rekioua and
Matagne, 2012). The module is able to disseminate maximum power.

The DC-DC converter is connected to MPPT controls to allow a photovoltaic
generator produce the maximum persistent power, at any value of the metrological terms
(irradiance, temperature). The premier system with MPPT had been implemented in the
year of 1968 for a NASA’s space system. After time passing, several MPPT algorithms
were progressed and widely favored to determine the MPP (Yazdani, 2009). The MPPT
control technique that widely used perform automatically on the duty ratio of a converter
to place the PV module at the best and optimal output value regardless of the differences
of the changes in the value of loads that may happen in any moment or the weather
conditions (Paul and Mathew, 2014). The major components of the Maximum Power
Point Tracking circuit consist of are the converters which in this project is boost converter
and the controller.

By examining the MPPT tracking algorithm point of view, a lot of techniques of
MPPT can be applied. These methods are hill climbing, voltage feedback, perturb and
observation (P&O), incremental conductance, current feedback, FL and neural network
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(Karthika et al., 2013). Among these methods, hill climbing and voltage feedback are
easy to stratify but inefficient in the maximum power point tracking with differences of
environment conditions. In addition, perturb and observation technique has hitched as it
processes an extra P-1 control loops which result slow tracking process. And also, the
neural network based algorithm is difficult to implement.

One of the most efficient techniques in MPP is the ANFIS (Adaptive Neuro Fuzzy
Inference System) based algorithm (Savaliya and Ray, 2015). The blend of developed
fuzzy logic and neural network algorithm is able of tracing the maximum power point by
a suitable speed. Furthermore, the fuzzy logic algorithm offers a very dynamic response
with any kind of environment conditions. As well as, the enforcement of this algorithm
is possible with obtainable components at a medium cost (Sharma and Jain, 2014).

There are three fundamental operator that affect power conversion efficiency; cell
temperature, solar irradiation and series array of solar panel. The cell temperature and
solar irradiation is an unsettled variable because it changeable by the weather. This leads
to a non-sureness of the maximum power generated.

Therefore, this project proposes to develop a controller of the Adaptive Neuro
Fuzzy Inference System (ANFIS) to control and maximizes the output maximum power.

This project’s main objective is to develop the boost converter based MPPT
controller of PV system. Also, to design an ANFIS algorithm simulation for the MPPT
by using MATLAB/Simulink.

This thesis's work is goes through five chapters, in the first chapter it gives the
introduction to MPPT system using Neuro Fuzzy control algorithm, and describe the
objective and organization of the thesis. Chapter tow covers the literature review MPPT
of photovoltaic system, in this chapter a number of researches will be discussed with
taking in mind the author’s conclusions about the algorithm used in the MPPT control
system. The material and method are discussed in chapter three, which gives information
about the constituent and architecture of MPPT system in general and the Adaptive Neuro
Fuzzy Inference System (ANFIS) control, explaining the algorithm that is hired in this
thesis, component description, and the structure of the system with circuit diagrams. The
fourth chapter gives the implementation result with discussion. And the last chapter gives

the conclusion and suggestion for future work.



2. LITERATURE SURVEY

Several authors discussed many methods to trace MPP (Maximum Power Point)
for PV arrays, discussion is included in this chapter of the relevant studies to implement
MPPT controller for PV system using neuro fuzzy as summarized information. The main
sources of this information are from journals, conferences and books.

Karthika et al. (2013) offered for the PV system an intelligent MPPT control
strategy by using fuzzy logic controller. MATLAB/Simulink was used to simulate the
maximum power point tracking technique. The P&O (Perturb and Observe) based MPPT
technique can track the maximum power point slower compare to the suggested fuzzy
logic based MPPT technique. It has the ability of dropping the voltage variation after
MPP (maximum power point) has been recognized. The outcome of the simulation show
the competence of the fuzzy logic controller in preserving the stable maximum power
point (Karthika et al., 2013).

Allataifeh et al. (2015) developed a fuzzy logic controller for the PV system to
track the maximum power point . MATLAB/Simulink has been used simulate PV panel,
boost converter with Fuzzy Logic Controller (FLC) connected to a resistive load.
Simulation outcome have been compared to ordinary power values. The suggested system
showed that it is able to reach MPP in uniform irradiation, partial shading, and unexpected
changes of irradiation. They found that by using FLC have great advantages over
conventional methods. Fuzzy logic systems are easily implemented with minimal
oscillations with fast convergence around the desired MPP .And It discovered Fuzzy
controller always finds the global MPP (Allataifeh et al., 2015).

Kumar et al. (2015) has proposed a comparative study between Fuzzy Logic
MPPT controller methods and Incremental Conductance in MATLAB/Simulink. The
high cost and low efficiency are solar PV system main problems, and result is change in
cloudy weather conductions. Therefore the system needs an efficient MPPT controller.
Finally performance of comparative study, they found that the Fuzzy Logic controller is
effectiveness compare to IC controller. The Fuzzy Logic controller Increase output
power, less variation and fast Response, against change in weather conductions. The

Fuzzy controller is better compared to Incremental conductance (Kumar et al., 2015).
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Salah and Ouali (2011) introduced two new MPPT methods the first is based on
the FL and the second on the NN were investigated and proposed. NN and FL can model
dynamical complex systems that change with non-linear laws of time following. These
suggested algorithms in NN and FL made of in commanding a boost dc—dc inverter to
gain the MPPT straight from the PV cell temperature and climate data solar radiation.
Additionally these two MPPT give a low cost to do it and simplified system. The
outcomes of the experiment have demonstrated that the MPPT controller by using NN
has provided less power than the FL one (Salah and Ouali, 2011).

Sedaghati et al. (2012) Discussed neural network-based MPPT. Under any
variation in atmospheric conditions, by using neural network, point of maximum power
is specified precisely and fast. They discovered one more advantage of the neural network
in PV maximum power-point tracking (MPPT) that its superior dynamic execution by
comparing it with the other methods for example Hill Climbing (HC), Perturb and
Observe (P&O) and Incremental Conductance (IC). And also the maximum power point
is tracked by dc-dc boost chopper. So the maximum power solar energy and the best
efficiency were obtained (Sedaghati et al., 2012).

Putri and Rifa’i (2012) presented neural fuzzy for dominating PV system
produced voltage to operate at maximum power point in various irradiation changes and
temperature. A good performance has been shown from applications of neural fuzzy
controller on MPPT of PV. The system was analyzed and designed, and then the
performance was studied by simulation with MATLAB/Simulink. PV system can operate
at maximum power point although sun irradiation and occur temperature change that can
shift maximum power point (Putri and Rifa’i, 2012).

Lu and Shih (2010) proposed FNN (fuzzy neural network) control system with
DC/DC boost converter for the solar cells Maximum Power Point Tracking controller.
The FNN system with integrated Fuzzy theory and Neural Network, advantages include
uncertainty data processing and neural network learning. First, applicable structure was
designed. The second, adjustment of the parameters for learning and weight of links in
the neuron network to be efficiently and rapidly tracking the maximum power point of
solar cell power output increases the performance of solar systems. Finally, the tracking
speed of the proposed MPPT method was the quickest compared with other qualitative

controller.
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The energy collected from the solar panels will be maximized by the duty cycle,
and the converter will standby for the following signal. Therefore , the simulation results
verified the efficiency of the controller (Lu and Shih, 2010).

Mohammad et al. (2011) suggested an intelligent way for controlling a
photovoltaic system’s MPPT. Both the neuro fuzzy controller and the conventional fuzzy-
based MPPT controller were simulated and carried out using a single-chip
microcontroller with buck-boost converter. The results of the simulation demonstrate that
the neuro-fuzzy controller is able to deal with system parameters and disturbances for fast
and good transient performance under all conditions. They discovered that the link
between the two approaches gives so many advantages, essentially they are:

- Lack of learning in fuzzy systems and the lack of comprehensive knowledge extraction
in ANNSs can be avoided in neuro-fuzzy system.

- Fuzzy clustering methods based on fuzzy number play an important role in the hybrid
neuro-fuzzy approach.

- Generalization feature of ANNSs adds a very effective characteristic to FLC system.

- The dramatically decrease of the size of the controller architecture offers less
computations time, less fuzziness and less storage memory.

So more efficient controller is obtainable and a cheaper hardware controller, if
required, can be easily achieved (Mohammad et al., 2011).

Della and Midoun (2005) investigated a high performance maximum power point
tracker based on neural fuzzy identification and fuzzy control. Optimal efficiency
operation under changing in temperature and irradiation demonstrated through the
simulation and experimental results (Della and Midoun, 2005).

Awadallah and Salem (2014) presented an Adaptive Neuro Fuzzy Inference
System (ANFIS) based methodology to MPPT in PV arrays. Their system was consists
of a PV array comprising 576 solar cells connected in series. A buck chopper follows the
PV array in order to convert its varying MPP voltage into a fixed voltage feeding a three-
phase inverter. The inverter was controlled in open-loop by SPWM (Sinusoidal Pulse
Width Modulation) switching logic to feed a three-phase induction motor driving a water
pump. A battery was connected across the DC link to fix the chopper produce voltage and
compensate for the energy difference among the PV panel and load. Firstly, they use

ANFIS to estimate the chopper duty ratio for MPP operation from cell temperature and
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solar irradiation. Then, a pilot module of the PV array is used to periodically check its
open circuit voltage and short circuit current. ANFIS is applied to model the PV behavior
and understand the solar irradiation and cell temperature from the pilot module testing.
Lastly, one ANFIS is developed to deduce the chopper duty ratio for MPPT directly from
pilot module testing.

They found excellent ANFIS performance whether in PV array modeling or in
MPPT; operation of the induction motor drive is also investigated and found acceptable
under different environmental conditions. The contribution of the present work stems
from the elimination of the need to measure irradiation and temperature which are costly
and technically troublesome when directly measured. In addition, the pilot module could
be arbitrarily frequently tested to cope with rapidly changing environmental conditions
(Awadallah and Salem, 2014).

Mohan and Mohanapriyaa (2012) produced a hybrid generation system that work
with solar and diesel-wind. The suggested stand-alone hybrid generation system is able
to extract the maximum power effectively from the solar and wind energy sources. From
the case studies, it demonstrates that power and voltage may be quite controlled in the
hybrid system in a changing environment. An efficient power sharing technique among
energy sources are successfully demonstrated with more efficiency, a better transient and
more stability, even under disturbance.

For better performance they proposed a hybrid neuro-fuzzy network instead of
neural network. MATLAB/Simulink was used to develop The simulation model of the
hybrid system (Mohan and Mohanapriyaa, 2012).

Maissa and Lasséad (2015) studied the PV pumping system components in their
work. They suggested improving PV system performance; they investigated and studied
different maximum power point controller. The system behavior including the neuro
fuzzy, ANN, Fuzzy and P&O were compared and investigated based on an extended
simulation work. By using an ANFIS controller finally the Maximum Power Point
tracking of PV pumping system is ensured. The simulation tests that were performed for
the entire system led to two major conclusions. the pumping flow rate benefit is going up
to three times more and the suggested PV system performances were highly boosted
(Maissa and Lassaad, 2015).
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Rezvani et al. (2015) to track MPP of PV system they applied GA-ANFIS method.
By the help of this technique, the PV module was capable of increasing the production of
the outcome power under different circumstances at an optimal solution. To provide the
optimal voltage the GA was implemented to correspond to the MPP for each
environmental condition. After that; for training the ANFIS the optimized values were
used.

The suggested method, for different conditions, was verified and discovered that
the percentage error of Vmpp was in between 0.05% to 1.46%. and diminished Error of
ANFIS is possible by increasing the number of the training data (Rezvani et al., 2015).

Bendary et al. (2015) for the maximum power point tracking under different
temperature conditions and irradiance they studied an adaptive neuro-fuzzy inference
system. The results were gained from ANFIS based MPPT method demonstrates better
robustness and performances in comparing to ANN and FL under varying irradiance
circumstances. Therefore, the ANFIS combined with PID controller improves the
tracking almost to ideality 100% (Bendary et al., 2015).

Reddy and Venkatrao (2015) presented the simulation and design for MPPT
(maximum power point tracking) to the PV system, that involves a high-efficiency boost
converter with fuzzy logic algorithm. By adjusting the duty cycle of the converter, the
converter is able to draw maximum power from the PV panel for a given solar insulation
ad temperature. Thus improves the efficiency of the PV system and decrease system cost
and low power loss (Reddy and Venkatrao, 2015).

Shanthi and Vanmukhil (2013) submitted by using ANFIS MPPT controller a
Photovoltaic generation system to interface the solar power to the three phase ac load. By
using MATLAB/Simulink software the ANFIS controller has been executed. A boost
converter and a voltage source inverter were used to accomplish the interface stage
between the load and the generation source. The boost converter boosts the output voltage
from the PV array of 22 V to about 415V. The inverter and then the three phase load are
then given the boosted voltage. The maximum power point tracking, by using the
proposed system ,voltage boost and inversion are achieved (Shanthi and Vanmukhil,
2013).

Kharb et al. (2014) designed and implemented an ANFIS based MPPT control

scheme with open loop boost converter. MATLAB/Simulink software package was used
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to do the simulation of suggested control scheme and the operation is investigated in
different weather conditions. The simulation outcomes reveals that ANFIS based MPPT
control scheme is efficient and effective to track maximum available power from PV
module in different weather circumstances. Specially at low irradiance amount, without
making oscillations the maximum output power can be tracked (Kharb et al., 2014).

Karthika et al (2014), by using fuzzy logic controller they presented an intelligent
MPPT control strategy for the PV system. MATLAB/Simulink was used to simulate the
maximum power point tracking technique. They found fuzzy logic based MPPT
technique with triangular membership functions is able to track the maximum power point
faster if compared to the Gaussian membership functions. And the system have the ability
of decreasing the voltage fluctuation after maximum power point has been recognized.
The outcome of the simulation shows the efficiency of the fuzzy logic controller in
preserving the stable MPP (Karthika et al., 2014).

Bin-Halabi et al. (2014) designed for PV system a microcontroller based MPPT
algorithm, the design has been simulated and experimentally carried out. Simulink
environment have been used to run the simulations. The reaction of the suggested
algorithm has been analyzed under varies irradiance levels. Raising the accuracy of
ANFIS estimations of the MPP when the solar irradiance is not contained was the prime
contribution of their work. Furthermore, the hardware application of the suggested system
was achieved. To avoid estimation errors that might happen in the case of temperature
changes the cell temperature sensor has been used with current and voltage sensors. To
validate the functionality of the suggested method experimental results and Simulation
have been presented. Experimental results have presented good agreement with
simulation outcomes. The efficiency of the proposed system has been evaluated, and was
found that the suggested system is highly efficient with more than 98 % average
efficiency.

The proposed algorithm has made the transient response and the steady state
response of the PV power system better when it was compared with the P&O algorithm,
where it enhanced the tracking speed at quickly changing weather conditions and has
cancelled the power oscillations at the steady state (Bin-Halabi et al., 2014).

Singh and Shahid (2016) introduced artificial neural network and fuzzy logic

controller algorithms of single-ended primary inductor converter. Huge scope of
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irradiation degree, slow, fast and constant changing has been discussed which adds to the
uniqueness of their work. to obtain an accurate results the performance analysis of MPPT
algorithms on the basis of time taken to track maximum power point and many different
significant element such as stability, efficiency, oscillations, overshoot in power, settling
time and voltages before reaching MPP are done. This analysis demonstrate that the
response of the system while using ANN is more efficient than FLC as it is precise and
fast in tracking MPP but with more overshooting in voltage and duty cycle during
changing irradiation level. FLC has 94.47 kW power delivered to the grid and efficiency
of 95.48% while ANN controller have 98.93 kW power delivered to the grid and the
efficiency of 99.86% (Singh and Shahid, 2016).

Kharb et al. (2013) used MATLAB/Simulink environment to design simulated
model of solar PV module and ANFIS based MPPT control scheme. After a decent
training of suggested ANFIS reference model, the ANFIS based MPPT control scheme
has tracked the maximum available power successfully at various weather circumstances.
Under different operating temperature and irradiance level the operation of ANFIS based
MPPT scheme is investigated. With the presented ANFIS based MPPT control scheme
the outcome power of solar PV module stays almost fixed under different operating
temperature. In the resulting waveforms of outcome power reached the maximum value
in short time with high gain, which shows that the response of given ANFIS based MPPT
controller, with good dynamics, is extremely fast and the gain in the outcome power is
significantly higher at all solar irradiance conditions. Unlike traditional perturb &
observation (P&O) technique at the ANFIS based control even at low value of irradiance
level there is no oscillations near the maximum power point in the outcome power. So,
the ANFIS based control is an effective tool to track and extract maximum power from
solar PV module (Kharb et al., 2013).

MPPT techniques have been classified into two categories by Savaliya and Ray
(2015) online and hybrid methods. This classification depends upon the PV system
behavior around the steady state conditions. The result shows that the efficiency of Hybrid
technique is 98% which is better than all other techniques available, although ANN
method has the same efficiency as Hybrid method but its complexity is very high so they
do not consider it. So finally P&O and Incremental conductance has very good
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characteristics than others in terms of cost, complexity and implementation (Savaliya and
Ray, 2015).



3. MATERIAL AND METHOD

3.1. Photovoltaic System

Photovoltaic is a technique in converting abundance solar rays into electrical
energy. The generation of power from PV module is clean and sustainable energy. The
abundance solar rays is drawn from the sun to make a renewable energy sources.
Photovoltaic system is a system designed in converting solar rays into electrical energy
efficiently. The system consists of certain part of components. The components are
arranged in order, to generate the maximum power (Rekioua and Matagne, 2012). There
are several components in photovoltaic system which are solar panels, battery, inverter

and charge controller as depicted in Figure 3.1.

energy energy inversion Energy use
soUrce and conditioning [

" 5 r
Eph% {inverter) )
e

~ ]

I:I energy distribution

(controller) (utility meter)
energy
conversion Ifl
(photovoltaic energy storage
modules) (batteries) electric utility

Figure 3.1. The components arrangement of photovoltaic system (Rekioua and Matagne,
2012).

The first component of photovoltaic system is solar panel which is responsible in
converting solar ray into electricity. The second component is solar inverter which
convert the electrical current from DC to AC. The output power will be stored in batteries.
The charge controller is responsible in driving the output power to the maximum. Lastly,

the power generated will be transferred to load for industrial or daily uses.
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3.1.1. Solar panel

In designing PV system, the first part of PV system is solar panel. Solar panel is
the most important part of solar system as it captures the sun energy and converts it to
electrical energy. There are mainly three types of solar panels; monocrystalline,
polycrystalline and thin film (Rekioua and Matagne, 2012).

The monocrystalline solar cell is made of monocrystalline silicon (mono-Si), also
known as single-crystalline silicon (single-crystal-Si), are quite easily recognizable by an
external even coloring and uniform look, indicating high purify silicon.

Monocrystalline solar cells are made of silicon ingots, which are cylindrical in
shape. To optimize performance and lower costs of a single monocrystalline solar cell,
four sides are cut out of the cylindrical ingots to make silicon wafers.

The polycrystalline silicon, also called polysilicon (p-Si) and multi-crystalline
silicon (mc-Si). Despite from monocrystalline-based solar panels. Raw silicon is melted
and poured into a square mold, cooled and cut into perfectly square wafers.

The thin-film solar panel is made of one or several thin layers of photovoltaic

material onto a substrate.

Table 3.1. Characteristics of solar panel types.

Solar Panel Type Characteristics

Made out of the highest-grade silicon
_ Highest efficiency
Monocrystalline o
Space efficient

Better performance even at low-high conditions

Simpler making process and low cost
Polycrystalline Less silicon waste

Lower heat tolerance

Simple mass production
Thin-film Flexible

High temperature and shading
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In this thesis, multicrystalline silicon (polycrystalline-based) solar panel is used

because it is low cost and simple.

3.1.2. Photovoltaic panel model

In solar panel model, single diode model is proposed. Plus, there are plenty of
researches about the model regarding in extracting parameters of single diode
photovoltaic modeling. Figure 3.2 shows the circuit of single-diode model.

I

CD Rsn Vv

Figure 3.2. Single diode model of PV solar panel.

Table 3.2. Electrical characteristics of YL250P-29b module.

Electrical Characteristics Symbol Y L250P-29b
Power output Pmax 250 W
Power output tolerances A Pmax S5/+5W
Module efficiency Nm 15.3%
Voltage at Pmax Vmpp 29.8V
Current at Pmax Impp 8.39 A
Open-circuit voltage Voc 376V
Short-circuit current Isc 8.92 A
Temperature coefficient of Pmax r -0.42 %/°C
Temperature coefficient of Vo Bvoc -0.32 %/°C
Temperature coefficient of Is Qlisc 0.05 %/°C
Temperature coefficient of Vimpp Bvmpp -0.42 %/°C

Max. system voltage 1000 Vpc
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In this thesis, PV module, YL250P-29b solar panel is used. YL250P-29b is
produced by YGE Solar is multicrystalline solar panel. In the next chapter, the
mathematical modelling will be deriving according to single-diode model and parameter
from YL250P-29b module. The electrical characteristic of YL250P-29b is described in
Table 3.2.

3.1.3. Photovoltaic generation

Photovoltaic (PV) modules output power relies on cell temperature and solar
irradiation. The temperature influences the photovoltaic (PV) module output voltage,
while the solar radiation mainly effects the photovoltaic (PV) module output current.
Since P = IV where P is power in Watt (W), I is current in Ampere (A) and V is Voltage
in Volt (V), the power increases as | and V increases. In real life, weather differs from
time to time, therefore it will cause fluctuations in temperature and solar radiation,
resulting in a non-linear and time variant power source. The 1-V curve presented at Figure
3.3 is obtained from Kyocera KC200GT PV module datasheet (Rekioua and Matagne,
2012).

o ‘Cell Temp 25°C 9 Irradiance AM 1,5 1kW/m’
'8 1000W/m’ .
N
7 800W/m’ - \\\ \ \\
= m\ - o)
Z 5 600W/m =5 VO (4 —
: N £ BEC
5, 400W/m’ \ : VA
2 200W/m* \\\ 2 \ \ \
1 " 1 Il
\ LA
0 0 ;
0 10 20 30 40 0 10 20 30 40
Voltage (V) Voltage (V)
(a) (b)

Figure 3.3. I-V curve from Kyocera KC200GT PV module (Rekioua and Matagne, 2012).
(a) Constant temperature, T = 25°C, (b) Constant irradiation, G = 1000 W/m2.
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In PV system, the operation point is obtained on the knee of I-V curve. For a given
solar radiation and temperature, the product of PV output voltage and current at maximum
available power is usually known as Maximum Power Point (MPP) (Sharma and Jain,
2014). For determining the maximum power point, an alternative P-V (power versus
voltage) curve may be plotted, in accordance with Figure 3.4.

220 ; — 2207
200 ;%%3;‘///“}%‘ 200
180 s 180~

160l 600W/m’.

‘ ~ V] 160/
= 140 400W,fm:<:r o Z 140 |
S 120] 200W/m’ 5 mm AL Pl || S S R
= 100/ S 100ttf e Em
60 - e ST S
40/ 40 ol sl
201/~ ‘ 20 e
g —— 0 pcg—
0 5 1015 20 25 30 35 0 5 1015 20 25 30 35
Voltage (V) Voltage (V)
(a) (b)

Figure 3.4. P-V curve from Kyocera KC200GT PV module (Rekioua and Matagne,

2012). (a) Constant temperature, T =25°C (b) Constant irradiation, G = 1000
Wimz2.

In MPP point of view, there are several parameters for completing the PV module
characterization. The parameters are short circuit current (lsc), open circuit voltage (Voc),
current at maximum point (Impp), and power at maximum point (Pmpp). These parameters

represent the points where the PV generated power is zero, but the current and voltage
reach the maximum as shown in Figure 3.5.

A ¥\
I-V curve
Isc Pmax
Imp < %

o P

5 g
= P-V curve 3

= a

o

Voltage Vmp Voc

Figure 3.5: Maximum power point identification of Isc, Voc, Impp and Pmpp 0N the 1-V and
P-V curves (Sharma and Jain, 2014).
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3.2. Maximum Power Point Tracking (MPPT)

The sun energy is converted to electrical energy. It is converted based on the
conversion efficiency. High conversion efficiency is accomplished when the photovoltaic
module operates on the maximum power point (Huang et al., 2011). However, due to
uncertainty of solar radiation and temperature, it affects the power point. This leads to

vary |-V curve, as illustrates on Figure 3.6.

oMPP

Solar radiation increasing
Current (A)

Voltage (V)

Temperature increasing

Figure 3.6. MPP across the I-V curves under varies solar radiation and temperature
(Huang et al., 2011).

Dealing with varies solar radiation and temperature, the MPP is also varies.
Therefore, in order to dynamically set the MPP as operating point for wide range of inputs
(solar radiation and temperature), Maximum Power Point Tracking (MPPT) technique is
required (Kumaresh and Prabu, 2014).

MPPT application is basically a DC-DC converter placed between the
photovoltaic modules and the load controlled by tracking algorithm, as shown in Figure
3.7.

The study of MPPT has two major approaches: dc-dc converter topology
optimization; and maximum power point tracking algorithm. The dc-dc converter
topology is a technique to resolve an applicable dc-dc converter for operating as MPPT.

On the other hand, the maximum power point tracking algorithm is applied to regulate
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the dc-dc converter (Zaki et al., 2012). The regulation made by the maximum power point
tacking algorithm is to generate the top Maximum Power Point (MPP).

A
I
- - @ » DC/DC Boost » Resistive
Irradiance |
o Converter » Load
L A
Temperature |£e ‘
EE—— | Duty Cycle
Vv |
@ ‘
s s L MPPT
— Controller

Figure 3.7. MPPT system consists of DC-DC converter and tracking controller.

In conclusion, a dynamic MPPT system is designed by combining the integration

of suitable dc-dc converter and suitable tracking algorithm (Paul and Mathew, 2014).

3.2.1. Tracking algorithm

For controlling the dc-dc converter, a suitable tracking algorithm is required. The
tracking algorithm performance is fundamental for an efficient tracking response.
Basically the tracking algorithm will receive the inputs which are PV module voltage and
current and cooperates with dc-dc converter duty cycles that establishes the system
operating point of MPP (Rekioua and Matagne, 2012).

As the temperature and solar radiation are dynamic variables, the tracking
algorithm must practically work in real time updating the duty cycle for a fast and accurate
tracking. There are several algorithms for improving the tracking speed and accuracy
(Dolara et al. 2009).

Many of tracking algorithms has been mentioned in literature review, in this study
we will use neuro fuzzy algorithm to control the duty cycle of the boost converter.
MATLAB/Simulink software will be used to model the MPPT system.
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3.2.1. Adaptive neuro fuzzy inference system (ANFIS) method

Neuro-fuzzy technique is combining the ANN learning methods and the fuzzy
inference system (FIS). In general the FIS structure consists of three important
components:

The rule base one, for rule fuzzy selection; a database, which defines the fuzzy
rules MF and a decision generator, which bring up the inference procedure to finally
generate an output as shown in Figure 3.8. Moreover, neuro-fuzzy approach seems
covenant and suitable if both advantages of the tow method are combined. The neuro-
fuzzy controller is the called, in this work adaptive network (ANFIS). The structure of
the system is an adaptive network running as a first-order Sugeno fuzzy inference system.
The hybrid ANFIS learning rule, combine the back-propagation gradient-descent first and
second a least-squares algorithm for identification and optimization of the the Sugeno

first order system (Maissa and Lasséad, 2015).

Layer 1 Layer 2 Layer 3 Layer 4 Layer 5

x

Inputs

Figure 3.8. Architecture of ANFIS model Sugeno’s fuzzy inference method.

The given architecture has five layers and every node in a layer has a similar
function. The two fuzzy rules, in which outputs are dressed as linear combinations of their

inputs, are (Maissa and Lassaad, 2015):

Rulel:if xisAjand yis By then f; = pix+ q1x + 1y
Rule2:if xisAyand yis B, then f, = p,x + q;x + 1y
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Layer 1: consists of adaptive nodes that generate membership grades of linguistic
labels based upon premise signals, using any appropriate parameterized membership

function such as the generalized bell function given by:

0y; = #Ai(x) = T b (3.1)

o

Where output Os, is the output of the i node in the first layer, x is the input to
node i, A is a linguistic label (“small,” “large,” etc.) from fuzzy set A = (A1, A2, B1, B2)
associated with the node, and (A, Bi) is the premise parameter set used to adjust the shape
of the membership function.

Layer 2: are fixed nodes designated I1, which represent the firing strength of each
rule. The output of each node is the fuzzy AND (product or MIN) of all the input signals.

02 = w; = pg, (g, (y) =12 (3.2)
Layer 3: The outputs are the normalized firing strengths. Each node is a fixed rule

labeled N. The output of the i node is the ratio of the i"" rule’s firing strength to the sum

of all the rules firing strengths (Konsoulas, 2014).

Wi

O3 =w, = =~ (3.3)
Layer 4: the equation gives the rule outputs is:

04; = W fi =w(pix + qy + 1) (3.4)
Layer 5: the ANFIS output is given by:

05; = L W,f; = 2t (3.5)

Xiwi
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The ANFIS controller developed in this project includes ' ¢ ' and ' Ae' as inputs
and 'D’ as output which represent respectively, the error, the error variation and the
converter duty cycle. The input variables allow the ANFIS to generate the converter
command. This last is applied to the boost converter, in order to ensure the adaptation of
the power provided by PV. This controller yields to an automatic fuzzy rules generation
based on the Sugeno inference model.

3.3. Boost Converter

A boost converter it also called “step-up converter” is a DC-to-DC power stage
that steps up voltage (while stepping down current) from its source to the load. It is a class
of switched-mode power supply containing at least two semiconductors (a diode and a
transistor) and at least one energy storage element, a capacitor, inductor, or the two in
combination. To reduce voltage ripple, filters made of capacitors in combination with
inductors are normally added to such a converter's output (load-side filter) and source

filter. Figure 3.9 shows the schematic diagram of Boost converter. (Lu and Shih, 2010).

wAVA

vs(D) Sw =c 83

Figure 3.9. Schematic diagram of boost converter.

A boost regulator can step up the voltage without a transformer. Due to a single
switch, it has a high efficiency. The input current is continuous. The output voltage is
very sensitive to changes in duty cycle D in equation 3.6. The average output current is
less than the average inductor current by a factor of (1-D), and a much higher rms current

would flow through the filter capacitor (Kumar et al., 2015).

- Yo _ 1
DC voltage gain = v =10 (3.6)
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Where, Vs is input voltage, V, is output voltage, and D is the duty cycle of the
pulse width modulation (PWM). The design and implementation of boost converter is

discussed in next chapter.






4. IMPLEMENTATION AND RESULTS

4.1. Introduction

The simulation development and implementation will be discussed in this chapter,
also the technique used in developing the scheme including tool, equipment procedure
and process involved in proposed project will be explored. The methodology procedure
utilizes on software using MATLAB/Simulink. Firstly designing of PV panel will be

discussed then the implementation of neuro fuzzy controller and boost converter.

4.2. Structure of the System

As mentioned in chapter 3, for extracting the MPP from the PV module a MPPT
controller is needed. In this project it apply the extracted power to resistive load. The
interface among the load and PV module is a DC-DC Boost converter. In this thesis by
using MPPT controller, new adapted maximum power point can be tracked to match the
P-V curve at any changes in irradiance and temperature. The MPPT controller is used to
adjust the duty cycle of boost converter and control the index of PWM to keep the power
extracted from the PV panel at its maximum point. Figure 4.1 is showing the complete
structure of the proposed system.

PV Array Boost Converter Resistive Load

Vin
Vout

Ipv

ANFIS Based D
MPPT Controller

Vpv

Figure 4.1. Overall structure of the system.
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4.3. Flowchart of Implementation

MATLAB/Simulink framework is the main tool used for implementation in this
project. The design of neuro fuzzy controller and simulation of PV panel are developed.
The system outputs are analyzed in MPPT output power, voltage, and current. The
flowchart shown on Figure 4.2 shows the flow of the software implementation.

Literature review and
background of the system | Generating fis file for
designed ANFIS

A 4

Design YL250P-29b PV
—> module depending on
manufacturer datasheet

Verifying MPPT

controller

Testing and

verification

modeled PV
panel

Design of boost converter

A 4

Design MPPT controller R ;
—> esult and analysis
(ANFIS) y

Testing MPPT

Figure 4.2. Flowchart of the software implementation.
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4.4. Implementation of Project Using MATLAB/Simulink

The implementation of MPPT system which is based on the tracking controller
and PV module is explained in this section. For first phase, by using MATLAB/Simulink
the modeling, designing and verification of PV module is described.

Then the designation of tracking controller and its verification are described. In

the third phase the design of boost converter will be discussed.

4.4.1 Simulink modeling of photovoltaic module

To assemble the PV module, the fundamental mathematical equations have been
used. The PV module parameter depends on the electrical characteristics datasheet of
YGE Solar YL250P-29b PV module.

Also, the electrical characteristics and equivalences are applied into
MATLAB/Simulink. The generated outputs will be verified based on the electrical
characteristics provided by YGE Solar.

4.4.1.1. Simulink implementation of PV array

Basically, there are two type of PV panel modeling. The first one is single-diode
and the second is two-diode model. for this project, the proposed model applied single-
diode since it is accurate and simple (Kulaksiz, 2013). The equivalent circuit of a single
diode solar cell is depicted in Figure 4.3.

Y V-V
Ip +

Ish

® ¥ Ren v

Figure 4.3. Single-diode cell.



26

The symbols in pervious figure are defined as below:

IL = Ipn: Photocurrent V: Output voltage

Ip: Parallel diode current Rsh: Shunt (parallel) resistance
Ish: Shunt current Rs: Series resistance

I: Output current

The fundamental single-model solar cell is equation derived using Kirchhoff’s
current law as showed in equation 4.1 and figure 4.4 describe the Simulink model of the

output current |.:

[ =1 —Ip = I (4.1)

Figure 4.4. Simulink model of PV output current I.

As shown in above figure, to calculate PV output current first we should determine
(Iph' ID' Ish)'

4.4.1.2. Simulink implementation of photovoltaic current Ipn

To determine Ipn, its equation is derived from the output current at the standard

test conditions (STC) at it shown in equation 4.2.

=1l —Ip (4.2)

Where Ip is the diode current and equals to:

Ip = I [J:ﬁiﬁ) _ 1] = I=1I,—I [e(A.NZ.VT) — 1] 4.3)
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Using the following equation Ipnref can be calculated, which is the only way for
determining it. When the PV cell is short-circuited:

0
Isc,ref = Iph,ref - Is,ref [e(A'NS'VT) - 1] (4-5)

But the above equation is valid in ideal case only and the equality is not correct
(Bellia, Youcef et al. 2014). And then

Isc,ref = Iph,ref (4.6)

The photocurrent (1,,,) depends on both irradiance and temperature, The Simulink

model of Iph is displayed in figure 4.5:
Ln = G(Isc + oy, - AT) 4.7)

Where:

G
Gref

G: Irradiance per unit (p.u) which is equal to ( ) and Gref = 1000(W/m2)

AT = Tc-Tc,ref (Kelvin)
Tc,ref : Cell temperature at STC = 25 + 273 =298 K
I.: Short circuit current (A) at STC

a; . Isc temperature coefficient and for implemented PV panel is (0.05% A/K).

4.4.1.3. Simulink implementation of shunt resistor current Ish

I, is the current leak in shunt resistor, which is by using Kirchhoff’s low:

_ V+IRg

lon = (4.8)
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The value of Rs and Rgn should be known to evaluate the shunt resistor current,
which they will be discussed later. Figure 4.6 showing the equivalent Simulink model of

above equation.

G

502

Isc

= .
= mn-a-a e
—

Reference Tempersture

Figure 4.5. Simulink model of Ipn.

e 5§
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>

| J—P
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Figure 4.6. Simulink model of Ig,.

4.4.1.4. Simulink implementation of diode current Ip

As mentioned before, I}, is the diode current which is relative to I and is given by

equation 4.9:

( V+IRg )
Ip = I [e ANsVT) — 1] (4.9)
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Where V is the voltage imposed on the diode. V; is thermal voltage which is can
be calculated using equation 4.10, the Simulink implementation of Ip and VT are shown

in figure 4.7 and 4.8 respectively.

Vy = kTT (4.10)

Where:
I, : Diode’s reverse saturation current and it measured in Ampere
Ns: number of PV cells connected in series and for proposed panel it is 60 cells
Te¢: Operating cell temperature (K)
k: Boltzmann constant 1.38 x 10723]/K
q: electron charge 1.602 x 1071°C

A: ldeality factor, which is 1.2 for si-mono.

= HIJ.LIH Ry
E—L

60

e

cells in module

Is

Figure 4.7. Simulink implementation of diode current Ip.

1.38e-23
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@ - @

1.6e-19 —|

Figure 4.8. Simulink implementation of thermal voltage V.
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To implement Ip, first we need to determine the reversed current Is, the series

resistor Rs, and the shunt resistor Rg.

4.4.1.5. Simulink implementation of saturation current Is

The output current can be written as equation 4.11:

V+I.Rg
I =L, — I [e (ev) — 1] - V;’: (4.11)

Referring to previous above equation, and because the parallel resistance Rsh is
usually considered as great, the last term of the equation can be canceled for calculating
Is. the pervious equation has been applied in STC’s remarkable points which they are:

1- The voltage at open circuit (I =0, V = Voc ref).

2- The Voltage and current at MPP (Vmp.rer) (Imp,ref).

3- The current at short circuit (V =0, | = lsc ref).

The following equations (4.12 — 4.14) can be concluded:

Isc-Rs
Isc,ref = Iph,ref - Is,ref [e(A'NS'VT) - 1] -1 (4.12)

Voc
0= Iph,ref - Is,ref [e<A'NS'VT) - 1] (4-13)

(Vmp+1mp-Rs)
Imp,ref = Iph,ref - Is,ref er ANsVr /—1 (4.14)

According to equation 4.12, and by substituting (lphrer) in equation 4.14. The

following equation can be driven:

Voc
0=l — Irs,ref [e(A'NS'VT) — 1] = Irs,ref = ke (4.15)

(a2
e\ANsVT) _4
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The equivalent Simulink implimentation of reversed refernce saturation current at

operational temperature (lrsref) is shown in figure 4.9.

e EP so2

3ﬂl—*l[*ll__Jl—4C|

Irs

= L

number of cells

D, >
o

A

Figure 4.9. Reversed reference saturation current at operational temperature.

The reverse saturation current is defined by equation 4.16:
_qeg
I, =D Tc3 [e(W)] (4.16)

Where

g+ Physical band gap energy (eV) and its 1.12eV for Si

D: diode diffusion factor

The last equation calculated twice; first at operational temperature (T¢) and then
at reference temperature (Tcrer). SO, by taking the ratio of obtained equations under both
conditions, saturation current equation can be written as in equation 4.17. And the

execution of Is shown in the following figure:

w0 )
@=%G§)3Akwn” (4.17)
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Figure 4.10. Simulink equivalent of Is.

4.4.1.6. Calculation of resistors

In order to make the implemented PV module more reliable, we should evaluate
Rsh and Rs, they are chosen so that the computed maximum power Pmp is equal to the
experimental maximum power Pmpex at STC. According to the following equation
(Kulaksiz, 2013):

Pmp,ref _ Pmp,ex

I mp,ref —

Vmp,re f Vmp,re f

Vimp,refHmp,ref-Rs
ANgVT ) _ 1] _ Vmp,ref + Imp,refRs
Rsh

= lphref — Is,ref le(

And in STC the lpnref= Isc,ref then the equivalent Rs is equal to:
Vmp,ref + Imp,refRs

(Vmp,ref+Imp,ref-RS_Voc,ref) (_Voc,ref) P
— A.Ng.V: ANV _ max,ex
Iscrer — Iscrer € svT + [screrye sVt (—)

Rgp =

Vmp,re f
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By taking iteration of the series resistance from Rs = 0 and increasing it to modify
calculated MPP until it be equal to the experimental MPP. Then the corresponding Re
calculated.

According to manufacturer, the provided MPP under STC is 250W for
implemented PV panel. Using Newton Raphson method, the values of (Rs=0.22Q and
Rp=354Q) were evaluated.

All implemented parameters have been combined into subsystems, figure 4.11

shows the overall PV panel module. Figure 4.12 shows PV solar panel subsystem.

e i @D
> Ipw
Phase Current o
T Vi Product Ppv
Thermal Voltage1 vt
»{T Iph Vv @
Vpv
Is
T T Irs P Id > | Ll v <1 >
Add . —»V Vs
Reversed Saturation Current at T Reverse d saturation Curren "
273 V- <2 >
V-

Vpv

Figure 4.11. Simulink model of PV panel.

powergui

PV Panel

Figure 4.12. PV Panel Simulink Subsystem.
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4.4.1.7. Verifying PV module modelling

In this section, the verification of the designed panel will be done. The PV module
of YL250P-29b I-V curve obtained from the MATLAB/Simulink simulation will be
compare with the electrical characteristics provided by manufacturer.

In verification of implemented PV panel, the P-V and I-V curve is simulated. The
curve is observed through outputs under varies inputs. Testing conditions are shown in
table 4.1, it clearly show constant temperature at 25C with changing in irradiation from
400w/m? to 1000w/m? in step of 200w/m? to relate the results of simulation with
manufacturer datasheet. Figure 4.13 and 4.14 shows the I-V and P-V curve under constant

temperature respectively.

Table 4.1. Varies input of PV panel model

Irradiance (p.u) Temperature (C°)
0.4 25
0.6 25
0.8 25
1 25

< |—
— 5 i |
|
e
54t J
(8]
3k | — 4
G=400 Wim*
oL | G =600 Wim® | 4
G=800 Wim*
1k | G=1000 Wim* | ]
o MPP
D. | L 1 | J
0 5 10 15 20 40

Voltage (V)

Figure 4.13. I-V characteristics of modeled YL250P-29b PV panel under constant
temperature.
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Figure 4.14. P-V characteristics of modeled YL250P-29b PV panel under constant
temperature.

4.4.2. Implementing MPPT algorithm

MPPT systems are designed to track the MPP from the PV panel. The most
frequently used algorithms according to several publications are Incremental Conduction
(InCond) and Perturb and Observe (P&O) methods.

Beside of mentioned methods, there are several other algorithms in MPPT such as
Anrtificial Neuarl Network (ANN), Fuzzy Logic Controller (FLC), and Adaptive Neuro
Fuzzy Inference System (ANFIS) method. For Fuzzy Logic Controller, the membership
functions are manually set by the designer, and Artificial Neural Network are complex in
design. While in ANFIS, the training of the input data set is automatically managed to
produce the output. The input are trained as to get similar output.

However, there are many other methods in implementing the MPPT, some
advantages and disadvantages can be concluded. We select ANFIS algorithm because it
is fast algorithm and best learning method. The structure of a PV system with a MPPT

control network-based Neuro fuzzy is represented in figure 4.15.
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Figure 4.15. PV system with MPPT using neuro-fuzzy.

4.4.2.1. Simulink implementation of ANFIS controller

In pervious section we explained that tracking the MPP using ANFIS needs a sets
of input and output data. These data sets are obtained from the system operating results
and they called training data. To collect those data there are two possible ways. The first
one is collecting data sets from the real-time system, and the second one is from
simulation using accurate model for photovoltaic panel module.

Collecting data using first method is very hard due to the asymmetrical weather
conditions and the capability to control the weather is impossible. Therefore, in this work
the training data were collected from simulation after implementing and verifying the PV
module.

The proposed ANFIS have two inputs and one output, the inputs are ‘e’ and ‘Ae’,
while the output is the Ve for boost converter PWM which is also called duty cycle and

we will use symbol ‘D’ for it.
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The inputs of ANFIS controller were calculated from MPP as follows:

__AP(t) _ P()-P(t-1)
©) = AV(E)  V(E)-V(t-1) (4.18)
Ae(t) = e(t) —e(t —1) (4.19)

Where:
P: output power from PV array

V: output Voltage from PV array

While the output is the duty cycle ‘D’ to operate the boost converter so it can

operate the PV array at MPP. The duty cycle of boost converter can be calculated as

follows:
Vo 1 Vo—Vpy
Vpy  (1-D) Vo (4.20)

Where V, is the output voltage to the load and Vpy is the input voltage of boost
converter. To calculate the duty cycle, the Vo is the desired output voltage which in our
case is Vmpp (29.8V) and it called Voptimal and Vpy is the actual output voltage of the PV
panel.

Figure 4.16 describe the flowchart of designing ANFIS controller. The first step
was collecting data for training and testing the control system. The designed PV panel
have been used under STC condition which its constant temperature and irradiation (25C°,
1000w/m?) to calculate ‘e’ and ‘Ae’ and the output ‘D’, figure 4.17 showing Simulink

subsystem used to calculate desired inputs.
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Figure 4.16. Designing MPPT controller flow chart.
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Vmax

Figure 4.17. Simulink subsystem to calculate input and output dataset.

The collected input and output data (‘e’ ‘Ae’ and ‘D’) saved as an array and by
using neuro fuzzy toolbox a Fis file have been generated. The equivalent neural diagram
of the suggested ANFIS is shown in figure 4.18, MPPT-ANFIS validation and errors

curves are shown in figure 4.19.

input inputmf rule outputmf output

Logical Operations

Figure 4.18. Neural diagram of the suggested ANFIS.
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Figure 4.19. ANFIS curves of validation and error.

The two inputs represent error and variation of error (‘e’, ‘Ae’); we choose 5
Gaussian membership functions for each input. In Figure 4.20, the structure of the error
(‘e’) is shown and also, the structure of the second input which is variation of error is

demonstrated in Figure 4.21.

in1mf1 i;ﬂmﬂ in1mf3 [ in1mf4' in1mf5

Figure 4.20. Error (‘e’) membership function.
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in2mf1 in2mf2 in2mf3 in2mf4 in2mfs

-0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01 0
Figure 4.21. Variation of error (‘Ae’) membership function.

The neuro fuzzy inference system have 25 fuzzy rules, each one have a unique
output for every input, the fuzzy rules are shwon in figure 4.22. By using fuzzy rule

viewer the output and input values are presented in figure 4.23. The network has trained
for 100 epochs to minimize the error to 0.0066%.

1. If (E is in1mf1) and (CE is in2mf1) then (D is outimi1) (1)
2.1 (Eis inmf1) and (CE is in2mf2) then (D is outmi2} (1)
3.1 (E is inmf1) and (CE is in2mf3) then (D is outmT3) (1)
4.1 (E iz inmf1) and (CE is in2mf4) then (D is outimi4} (1)
5.1 (E is inmf1) and (CE is in2mf5) then (D is outmiS) (1)
6. If (E is inmf2) and (CE is in2mf1) then (D is outims} (1)
7.1 (E is inmf2) and (CE is in2mf2) then (D is outimf7} (1)
8. 1f (€ is inmf2) and (CE is in2mf3) then (D is outmi3) (1)
9.1f (€ is inmf2) and (CE is in2mf4) then (D is outimi3) (1)
10.1f (E is in1mf2) and (CE is in2mfS}) then (D is out1m0) (1)
1. 1f (E is in1mF3) and (CE is in2mf1) then (D is outimf1) (1)
12.1f (E is in1mf3} and (CE is in2mf2) then (D is outmM2) (1)
13.1f (E is in1mf3) and (CE is in2mf3) then (D is owt1mM3) (1)
14,17 (E is in1mf3) and (CE is in2md) then (D is outimf14) (1)
15,17 (E is in1mf3) and (CE is in2mfS} then (D is out1mfAS) (1)
16.1f (E is in1mP4) and (CE is in2mf1) then (D is outm6) (1)
17.1f (E is in1mf4} and (CE is in2m12) then (D is out1mf7) (1

Figure 4.22. Fuzzy rules.
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Figure 4.23. Input and output value using fuzzy rule viewer.

Figure 4.24 describe the surface of input and output data sets. After applying the
hybrid training process, output data become very close to the target data as shown in
Figure 4.25.

Figure 4.24. Surface of input and output data sets.

Training data : o FIS output : *

0 20 40 60 80 100 120 140 160

Figure 4.25. Output data vs. target data.
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4.4.3. Implementation of perturb and observation based MPPT

Perturb and Observation method is the widespread MPPT techniques and can be
considered as the easiest to use (Savaliya and Ray, 2015). Figure 4.26 shows flowchart
of Perturb and Observe technique, the major idea of P&O method is to lead the PV system
to run at the direction of which the power gained from the PV system increases. The
change of power is represented in equation (4.21) and it defines the technique of the P&O

algorithm.

AP =P(t)—-P(t—1) (4.21)

Depending on above equation and by using the flowchart of the method, in case
the alteration of power is positive, the incremental of duty cycle (D) will remain the same
to decrease or increase the PV voltage, while if the alteration is negative, the direction of

incremental duty cycle command will reverse.

o

Measure Input
Parameters

Y

V(t), 1(t)
v
P(t)= V(1) * I(t)
v
AP(t)=P(t)-P(t-1)

Ne @ Yes
IT—WY [s N OWYES
D(t+1)=D(t) - AD D(t+1)=D(t)+AD D(t+1)=D(t) - AD D(t+1)=D(t)+AD
Y Y y Y

P(t-1) = P(t)

<«

Figure 4.26. P&O method flowchart.
4.4.3. Boost converter designation
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The boost is known as a step-up power stage. The boost converter has been chosen
because it invert the output voltage from the input voltage, and it maximize the input
voltage which in our case is the PV voltage and reaches it to the desired Vmpp. Figure 4.27

shows a simplified schematic of the boost converter.

oV

vs(D) w —=c 83

Figure 4.27. Boost converter diagram.

Where Vs is input DC voltage (V), L is the inductor (H), C is capacitor (F), R is

resistor (), SW is switch. VVoltage gain of boost converter is given in equation 4.22:

DC voltage gain = o= L (4.22)

V¢ 1-D

Where, Vs is input voltage and in our case is Vpy, Vo is output voltage, and D is
the duty ration which control the index of (PWM). To design a boost converter should be

chosen carefully, the selection converter components were done as the following:
4.4.3.1. Selection of the inductor (L)

The selection of inductance is depends on the maximum allowed ripple current at
maximum input voltage Vpv and minimum duty cycle. Using equation 4.23, the minimum

required value of inductor can be calculated.

_ (1—D)2DRload
Linin = =5 —* (4.23)

4.4.3.2. Selection of the capacitance required
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The output capacitor is selected to meet voltage ripple qualifications. The
minimum value of capacitor can delivers the output current to the load when the diode is

calculated using equation 4.24:

D
Cmin N 2fsRLoad (424)

Minimum values of inductor and capacitor were estimated using equation 4.23
and 4.24. But the real values of used capacitance and inductance in the simulation are
larger than calculated values. Figure 4.27 showing Simulink model of designed boost

converter using the selected parameters.

@ P

D JL

PWM Generator
(DC-DC)

: ; ® " ‘_gl:r 4--'_ g lload

+V L1 Diode

Pload
y

IGBT1 _|g]
w

Vicad

@

-V

Figure 4.28. Simulink model of boost converter.

4.5. Results and Verification

The evaluation and analysis of obtained results from the project will be discussed
in this chapter. In first phase, the verification of MPPT controller is explained.
Verification of the system is important to produce an effective knowledge of proposed
MPPT system in application projects.

In the second section the variation in irradiance and temperature effects will be
discussed. Firstly the system will simulated under constant irradiance and temperature,

then the mentioned inputs will be varies according to weather. System response of



selected inputs of irradiance and temperature and the PV outputs and corresponding boost

converter outputs will be discussed.
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4.5.1. Verification result of MPPT model

To verify the ANFIS model, a uniform radiance and temperature are chosen to
verify whether it is producing the optimal duty cycle to the boost converter or not. To
analyses the outputs, a pure resistive load of (60 Q) has been connected to the PV panel
in tow phase. The first one implemented using ANFIS controller producing duty cycle to
PWM which in his place connected to boost converter. And direct coupling of same load

without using MPPT controller. Figure 4.29 showing both mentioned models.

Discrete,
Ts=5e05s

powergui

Goup 4 cpu
=

Signal Bullder

PV Panel

Gows Gpu
T [Tl

Signal Builder

w o
Pando
Digital Clock
12:34
o o] Pertub and Observe MPPT Controller
- > = T'-
D
Lo
Yo ° > Pload [PLoad]
Vol -
Manual Switch
NeuroFuzzy MPPT Controller
- Vioas FVioad]
lloag [ILoad]
Boost Comverter
o
G
Pov
Vo
Pload
T
Vioad [VLoag]
V| v
load <{iCoad]
PV Panel Resstve Load

Figure 4.29. PV panel with resistive load (a) using MPPT (b) direct coupling.
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In first case, the irradiance and temperature are constant at 1000W/m? and 25C°.
Using Neuro Fuzzy controller, the generated Power, Current and Voltage of PV panel is
showing in figure 4.30, it clearly shows that the PV is running in the maximum power
point voltage and current (29.8 V, 8.1 A) respectively which they present the power of
the maximum power point (about 250 W). And these results matches the electrical

performance of manufacturer datasheet.

l 425

420

aft)

| (A)
V (Volt)

8.4 4

8.2F 1

Figure 4.30. Outputs of PV panel using neuro fuzzy controller under constant irradiation
and temperature.

While figure 4.31 shows simulated result of outputs generated from PV panel
under constant resistive load of (60Q) and with constant irradiance and temperature
(1000W/m?, 25C°) using both MPPT controllers and by direct coupling the load without
MPPT.

In figure 4.31(a and b) the results shows that the PV panel is running at maximum
power point power and Vmpp, and boost converter raise the produced PV voltage to (121
V) using MPPT controllers, but it’s clear that Neuro Fuzzy controller has faster response
time and lower rippling voltage, while in direct connected load the PV is running in its

open circuit voltage and current.
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Figure 4.31. Simulation result power with and without MPPT under constant irradiance
and temperature.

Similarly, as shown in figure 4.31(c) and by comparing the current of the load in
both cases, MPPT controller forcing PV panel to run in maximum power point current
and Perturb & Observation MPPT showing large rippling current comparing with another

controller.

4.5.2. Simulation of MPPT system under changing parameters

4.5.2.1 Constant temperature and irradiance with variable resistive load

In the proposed MPPT system, the main inputs of the system are irradiance and
temperature. In this section, as described in figure 4.32 constant irradiation and
temperature with variable resistor are applied to the system.

Figure 4.33 shows the produced PV power and load voltage. It can be concluded
that proposed controller can track the MPP in case fast change in the load happens. The
PV current and voltage changes to track the maximum power point and produce the

desired power.
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Figure 4.32. PV parameters (a) temperature, (b) irradiance, (c) load resistor.
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Figure 4.33. Simulation result and constant irradiation and temperature with fast change
in load (a) PV power, (b) load voltage.
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4.5.2.2. Constant temperature and resistor with variance irradiance

In this case, as shown in figure 4.34 various level of irradiation with constant

temperature and resistive load has been applied to the system for further analysis.
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Figure 4.34. PV parameters (a) irradiance, (b) temperature, (c) load resistor.

The load voltage and corresponding PV current and voltage are explained in figure
4.35. By using the proposed system the extracted power is the maximum power of PV
panel. P&O shows rippling voltage and current special in high irradiance levels.

From Figure 4.35 (b and c), the voltage varied over certain time because of the
irradiance intensity changes. Based on the result from proposed two cases, it shows that
the proposed model is able to maximize the load voltage under varies irradiance and
constant temperature.

In this case, the currents are described in figure 4.36 (). It clearly showed that PV

panel running in maximum power point current continuously.
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Figure 4.35. Simulation power results using MPPT under varies irradiance with constant
temperature and resistive load (a) PV current (b) PV voltage (c) load voltage.

4.5.2.3. Variance irradiance and temperature with constant load

The simulation have been applied in extensive cases, the produced YL250P-29b
PV panel model connected to resistive load directly and using proposed neuro fuzzy and
P&O MPPT controllers for comparison. In this case the simulation implemented under
varies irradiance and temperature with constant resistive as load. Figure 4.36 shows
decreasing and increasing in irradiance and temperature in many case, the irradiance
starting from 100 W/m? and increasing to 1400 W/m? in its maximum value, while the
temperature is starting from 0 C° and reaches over 100 C°. this case represent many
weather condition to analysis the MPPT controller response.

Figure 4.37 shows PV outputs under changing in temperature and irradiance with
constant resistive load, it can be noticed that using proposed algorithm succeed to track
maximum power point. Also it’s clear that the observed power under high irradiance and

by using neuro fuzzy is up to five times higher from direct connecting the load.
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Figure 4.36. PV parameters (a) irradiance (b) temperature (c) load resistor.
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Figure 4.37 (b) shows the resistive load voltage, it can be observed that by using
neuro fuzzy MPPT controller can track the desired power faster than P&O and it have

difference in values depending on connecting method.

4.5.3. Neuro fuzzy controller parameters analysis

The MPPT controller parameters are studied during simulation under changing in
irradiation and variation in temperature which represent various weather condition. By
referring to the electrical characteristic of YGE Solar YL250P-29b, the maximum power
produced is 250W under STC condition. The generated power have been discussed
before, and it proved that the proposed controller delivered maximum power in several
weather conditions.

In this section the inputs and output of MPPT controller are discussed, inputs of
ANFIS are error (‘e’) and variation in error (‘Ae’), figure 4.38 and 4.39 showing that
mentioned inputs (time domain is simulation based) are isolating in required place to track

the maximum power by producing desired duty cycle which is shown in figure 4.40.
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Figure 4.38. Input of MPPT controller ‘e’.

The main function of duty cycle is to generate pulse width modulation (PWM)
signal. Figure 4.41 showing part of PWM which will be fed to boost converter as a driving

signal of MPPT system.
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Figure 4.39. Input of MPPT controller ‘Ae’.
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Figure 4.40. MPPT duty cycle output.
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Figure 4.41. Boost PWM.



5. CONCLUSIONS

This thesis has given the PV module of YGE Solar YL250P-29b and the growth
and evolution of MPPT controller of PV systems. MATLAB simulation framework has
been used to measure and implement the performances of the controller. Depending on
the MATLAB/Simulink simulation results, this work has successfully covered the scope
and achieved the objectives.

The suggested algorithm for adapting FLC using NN has been implemented. The
simulation outcomes demonstrate that the advantages of proposed system is that fuzzy
parameter can adapt for fast reaction, and has fast transit response, not easily affected by
the diversity in outside conflicts. Farther more the outputs of simulation demonstrate that
MPPT controller by using ANFIS has produced a good power.

The simulation framework produced in this thesis gives the opportunity of
investigation and assessment of a solar power MPPT system without needing any gadgets
and hardware devices. It is particularly helpful in the early stage of enhancing a solar
power controlling system such as the proposed algorithm. However, it can also be used
for evaluating the act of other power converters and MPPT algorithms.

By operating the simulation several times and changing the inputs of the system
to minimum required values, the outcomes demonstrate that the proposed model is able
to maximize the output power under different temperature and irradiance.

For development of MPPT controller in future works there are much to be
considered. In this work the Adaptive Neuro Fuzzy Inference system (ANFIS) is using
Gaussian membership function, this membership functions can be changed to triangular
and the number of them can be reduced from 5 to 3 with considering the acceptable value
of error. In this thesis the suggested system have been implemented using
MATLAB/Simulink, it can be model using hardware such as FPGA or DSP using
mathematical equation of inference system.

In this thesis, Boost converter have been used as an interface to allow the
controlling of tracking maximum power point. Future research may investigate another
converter such as buck-boost, buck and cuk converter besides the suggested MPPT

strategies to enhance elasticity in the selection and configuration of PV module.
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OZET

PV BESLEMELI BOOST DONUSTURUCU ICIN NEURAL-FUZZY MPPT
KONTROLCU TASARIMI

Hazirlayan :HAJI, Dilovan Muhsen
Yuksek Lisans Tezi, Elektrik-Elektronik Miithendisligi Anabilim Dali
Tez Danigsmani: Dog. Dr. Naci GENC
Aralik 2016, 69 sayfa

Geleneksel enerji santrallerinin neden oldugu fosil yakit tiiketimi ve c¢evre
sorunlar1 insanlarin son zamanlarda dnemli bir sorunu haline geldi. Bu sorunun ¢6zimi
icin glinimuzde fotovoltaik paneller ve riizgar enerjisi gibi yenilenebilir enerji
kaynaklarinin kullanimi1 yayginlagsmistir. Mekanik akasmalarinin olmayis1 fotovoltaik
sistemlerin avantaji iken, yiiksek imalat maliyeti ve diisiik enerji doniistim verimliligi en
biiyiik dezavantajlardir.

Sozii edilen dezavantajlarin iistesinden gelmek icin, verimliligi artirmak ve
maksimum Tretilen giicii fotovoltaik sistemlerden ¢ikarmak i¢in bir maksimum gii¢
izleme noktasi (MPPT) denetleyicisine ihtiyag duyulmaktadir. Literatiirde birkag MPPT
algoritmasi dnerilmistir. Baz1 dezavantajlara bakilmaksizin, artan iletkenlik (IncCond) ve
pertiirb ve gozlem (P & O) MPPT algoritmalari, tasarim kolaylig1 ve gilines 1sinlama
seviyesi ve sicakliktaki degigsme gibi farkli kosullara gore MPPT o&zelligi
saglamaktadirlar.

Bu tez, YGE Solar YL250P-29b'nin PV modulini ve MATLAB / Simulink
simiilasyon programinmi kullanarak Uyarlamali Sinirsel Bulanmik Cikarim Sistemine
(ANFIS) dayanan Maksimum Gii¢ Noktast Izleme (MPPT) denetleyicisinin
uygulanmasini énermektedir. Onerilen kontrol yontemi iki giris ve bir ¢ikisa sahiptir,
girisler "e" hatas1 ve "Ae" hatasindaki degisimdir. Cikt1, darbe genisligi modiilatoriine
giren referans gerilimi (PWM) olup bir gli¢ kademesi olan ygkselten (Boost)
doniistiiriiciiye baglanir. Simiilasyon sonuglarina bagli olarak, onerilen sistemin, farkli

cevresel kosullar altinda maksimum gii¢ noktasini basariyla izleyebildigi gézlenmistir.

Anahtar Kelimeler: ANFIS, Fotovoltaik, MPPT, Neuro Fuzzy, Yenilenebilir.



1. GIRIS

Fotovoltaik (PV) sistemler bir¢cok alanda yaygin olarak kullanilmaktadir. Bununla
birlikte, glines enerjisinin 6ngoriilemezligi, fotovoltaik (PV) sistemlerin daha az giivenilir
olmasini saglar.

Gli¢ doniistiirme verimliligini etkileyen {i¢ temel operator vardir; Hiicre sicakligi,
giines radyasyonu ve gilines paneli. Hiicrenin sicakligt ve giines 1sinlamasi,
ayarlanamayan bir degiskendir ¢iinkii hava tarafindan degistirilebilir. Bu, maksimum
giiclin liretilmedigini gosterir.

Bu nedenle, bu galisma, ¢ikis maksimum gticiinu kontrol etmek ve maksimuma
¢ikarmak icin bir Uyarlamali Neuro Fuzzy Cikarsama Sistemi (ANFIS) denetleyicisi
gelistirmeyi Oneriyor.

Bu tezin temel amaci, fotovoltaik sistemin MPPT denetleyicisini dayandiran
Boost doniistiiriicti gelistirmektir. Buna ek olarak, MATLAB / Simulink kullanilarak
maksimum gii¢ noktasi izlemesi i¢in bir Uyarlamali Neuro Fuzzy Cikarim Sistemi

(ANFIS) algoritmasi simiilasyonu tasarlamak.

2. MATERYAL VE YONTEM

Fotovoltaik sistem, gilines 1sinlarin1 elektrik enerjisine verimli bir sekilde
doniistiirmek igin tasarlanmig bir sistemdir. Sistem PV panel gibi temel bilesenler ve
maksimum gl¢ tUretmek icin kullanilan diger bilesenlerden olusur. Bu tezde, PV modulii
olan YL250P-29b giines paneli kullanilmigtir. YL250P-29b, YGE Solar tarafindan
iretilir ve ¢ok kutuplu giines paneldir.

Fotovoltaik (PV) modiillerin ¢ikis giicii, hiicre sicakligina ve giines 1sinlarina
baglidir. Sicaklik fotovoltaik (PV) modiil ¢ikis voltajini etkilerken, giines radyasyonu
esas olarak fotovoltaik (PV) modiil ¢ikis akimi etkiliyor. PV sisteminde, ¢aligsma noktasi
I-V egrisinin dizinde elde edilir. Verilen bir giines radyasyonu ve sicakligi i¢in, mevcut
maksimum giigte PV ¢ikis gerilimi ve akiminin {iriinii genellikle Maksimum Gii¢ Noktasi
(MPP) olarak bilinir.

Giines enerjisi elektrik enerjisine dontistiiriiliirken yiiksek doniistiirme verimliligi,

fotovoltaik modiil maksimum gii¢ noktasinda ¢alistig1 zaman elde edilir. Bununla birlikte,
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giines radyasyonunun ve sicakliginin belirsizligi nedeniyle, gii¢ noktasini etkiler. Bu I-V
egrisine yol acar.

Cesitli glines radyasyonu ve sicakliklarla ugragsmak, MPP de degisir. Bu nedenle,
genis giris aralig1 (glines radyasyonu ve sicaklik) icin MPP'yi ¢alisma noktasi olarak
dinamik olarak ayarlamak ig¢in Maksimum Giic Noktas1 izleme (MPPT) teknigi
gereklidir.

DC-DC dontstiiriiciiyii kontrol etmek i¢in uygun bir izleme algoritmasi
gereklidir. Izleme algoritmasi1 performansi, etkili bir izleme tepkisi icin esastir. Temel
olarak izleme algoritmasi, PV modiilii voltaji ve akimi olan girdileri alir ve MPP'nin
sistem c¢alisma noktasini olugturan DC-DC doniistiiriicti gorev dongiileri ile birlikte
calisir.

Sicaklik ve giines radyasyonu dinamik degiskenler oldugu i¢in, izleme algoritmasi
hizli ve dogru bir izleme i¢in gorev dongiisiinii giincelleyerek ger¢ek zamanli olarak
calismalidir. izleme hizim1 ve dogrulugunu iyilestirmek igin gesitli algoritmalar vardir.

Bu ¢alismada Boost doniistiiriicli calisma dongiisiinii (D) kontrol etmek i¢in Neuro
fuzzy algoritma kullanilmistir. MPPT sistemini modellemek icin MATLAB / Simulink

yazilimi kullanilacaktir.

3. UYGULAMA SONUCLARI VE TARTISMA

MPPT, giines enerjisi PV modiiliinden maksimum giicii ¢gikarmak i¢in kullanilir.
Bu projede, elde edilen ve elektriksel forma doniistiiriilen gii¢ direngli yiuke uyguluyor.
Kullanilan yikseltici DC-DC doniistiirticii, yiikk ve PV modiilii arasindaki bir arabirimdir.
Bu tezde kullanilan maksimum gii¢ noktasi (MPPT) denetleyicisi, sicaklik ve radyasyon
degisiklikleri olustugunda esleme egrisinde yeni uyarlanmis maksimum gii¢ noktasini
izler. MPPT denetleyicisi, PWM modiilasyon indeksini ayarlamak ve PV panelinden
cikarilan giici maksimum noktasinda tutmak i¢in Boost doniistiiriicii calisma donglisiinii

ayarlamak i¢in kullanilir. Sekil 3.1 6nerilen sistemin tiim yapisin1 gostermektedir.
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Sekil 3.1. Sistemin genel yapisi.

Bu boéliimde, MPPT sisteminin uygulanmasi izleme denetleyicisi ve uygulanan
PV modiilii aktarilmistir. ilk asamada, MATLAB / Simulink'te tasarlanan PV modiiliiniin
tasarimi, modellenmesi ve dogrulanmasi verilmektedir. Ardindan izleme denetleyicisinin
belirlenmesi  ve  dogrulamasi  aciklanmaktadir.  Uciincii  asamada, Boost
dontstiiriiciitasarimi tartigilacaktir.

PV modalunin tek diyotlu modelinin temel matematiksel modellemesini
kullanarak elde edilir. PV modilinin parametresi, YGE Solar YL250P-29b PV
modulunin elektriksel ozellik veri sayfasina baglidir. Bu elektriksel ozellikler ve
esdegerlikler MATLAB / Simulink'e uygulanir. Uretilen ¢ikislar, YGE Solar tarafindan
saglanan elektrik 6zelliklere gore dogrulanir.

Bu tezde, ANFIS kullanan MPPT, bir dizi girdi ve ¢ikti verisine ihtiyag
duymaktadir. Bu veri setleri sistem isletim sonuclarindan elde edilmis ve egitim verileri
olarak adlandirilmistir. Bu verileri toplamak i¢in iki olas1 yol vardir. Birincisi, gergek
zamanli sistemden veri setleri topluyor ve ikincisi, PV panel modiilii i¢in dogru bir model
kullanarak similasyondan ikinci yontem secildi.

Onerilen ANFIS'nin iki girisi ve bir ¢ikis1 vardir, girislar 'e' ve 'Ae’, ¢iks1 ise gorev
cevrimi olarak da bilinen Boost doniistiiriicii PWM'inin Vryeridir ve bunun igin 'D’

semboliinii kullanacagiz.
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Boost, ortak bir giic katmani topolojisidir, aynt zamanda bir ylikseltme giic
kademesi olarak da bilinir. Boost doniistiiriicti, ¢ikis gerilimi giris voltajindan tersine
cevrildiginden ve bizim durumumuzda PV voltaji olan ve istenen Vmpp'ye ulagan giris
voltajin1 maksimuma ¢ikarmak icin secildi.

Sonuglarin  degerlendirilmesi ve analizi projeden tartisilmaktadir. Birinci
asamada, MPPT denetleyicisinin dogrulanmasi agiklanmaktadir.

Ikinci asamada 1s1n1m ve sicaklik etkilerindeki degisim tartisiimaktadir. Oncelikle
sistem, sabit 1s1ma ve sicaklik altinda simiile edildi, daha sonra 1s1n1m ve sicaklik hava
durumuna gore degisir. Isinim siddetinin ve sicakligin secilen giriglerinin sistem tepkisi

ve PV ¢ikislart ve buna karsilik gelen Boost doniistiiriicii ¢iktilari iyi sonuglar vermistir.

4. SONUC

Bu tez, Solar YL250P-29b'nin PV modiiliinu ve fotovoltaik sistemin Maksimum
Giic Noktas1 izleme (MPPT) kontrolériiniin biiyiimesini ve gelisimini vermistir.
Kontrol6riin performanslarini 6l¢gmek ve uygulamak i¢in MATLAB simiilasyon programi
kullanilmigtir. MATLAB / Simulink simiilasyon sonucuna bagli olarak tez kapsaminda
gelistirilen MPPT algoritmasi ile bagarili sonuglar elde edildigi gozlenmistir.

Fuzzy logic kontroll denetimini neural network kullanarak uyarlamada 6nerilen
algoritma uygulanmistir. Simiilasyon sonugclari, bu sistemin avantajlarinin, hizli tepki i¢in
fuzzy parametrenin uyarlanmasi oldugunu ve dis etkilesimlerin ¢esitliliginden kolayca
etkilenmeyen hizli ge¢is yanitina sahip oldugunu gostermektedir. Ayrica, simiilasyonun
sonucu, uyarlanabilir Neuro fuzzy ¢ikarim sistemini kullanarak bir MPPT
denetleyicisinin iyi bir gii¢ lirettigini gostermektedir.

Simiilasyonun birkag kez c¢aligtirilmasi ve sistemin girislerinin minimum gerekli
degerlere getirilmesi sonucunda, onerilen model, farkli sicaklik ve 1sinim altinda ¢ikis

giiclinii maksimuma ¢ikarmak edebildigini gostermektedir.
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