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Abstract— This paper represents a more performance tracking of maximum power delivered from photovoltaic systems 
using adaptive (neural-fuzzy) inference systems (ANFIS). This procedure combines the learning abilities of artificial neural 
networks and the aptness of fuzzy logic to handle indistinct data. It is consequently able to manage non linear and time 
varying complication hence making it worthy for this work. It is expected that this method will be able to accurately track 
the maximum power point. This will make sure efficient use of PV systems and therefore leading to reduced cost of 
electricity. 
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I. INTRODUCTION 
 
Recently, environmental pollution and the enlarge 
exhaustion of fossil fuels are main issues all over the 
world. Every country actively pursues renewable 
energy. Between theses renewable energies, the solar 
energy or wind power must be extracted by utilizing 
electronic technology [1].Then through the power 
converter, the renewable energy can be transmute to 
become a stable power supply. Due to the quick 
extension in the semiconductor and power electronics 
techniques, PV energy becomes more and more 
fascinating in electrical power applications. To 
increase the output efficiency of PV arrays or solar 
cell arrays (SCAs), the techniques of tracking the 
maximum power point for PV energy conversion 
systems are necessary[1].Studies on PV generation 
systems are actively being promoted in order to 
mitigate environmental issues such as the green-
house effect also air-pollution[2].Generally 
photovoltaic generations systems possess two big 
problems, namely: first- the efficiency of electric 
power generation is immensely small, especially 
under low radiation states, and second the amount of 
electric power generated by solar arrays is 
consistently alters with weather conditions, i.e., 
irradiation. Consequently, a maximum power point 
(MPP) tracking (MPPT) control method to attain 
maximum power (MP) output at real time becomes 
indispensable in PV generation systems [2]. 
 
The I-V and P-V characteristics of solar cell are 
altered nonlinear by radiation and temperature 
variation. Therefore, to use PV system efficiently, the 
operating point of PV system always must be 
operated at maximum power point [3].The 
performance of conventional Perturb and Observe 
(PO) method, Incremental Conductance (IC) method 
depends on the step size. So it has weakness to be 
selected optimal step size. Also, maximum power 
point tracker control applying PI and fuzzy control is 

not easy to expect satisfactory performance, because 
PI controller has fixed gain and fuzzy control has 
accumulative and progressive error by an integral 
calculus [3].A photovoltaic generator can function 
over a extensive scope of voltage and current output, 
but in case you want to maximize the energy 
generated (linked to UPS, battery charger, irrigation, 
motor-pump set, water pump, etc.) it is interesting to 
incorporate a search of maximum power point in 
converters. In fact the current vs. voltage depend on 
the solar irradiance as well as temperature [4].These 
climatic variations result in fluctuations in the 
maximum power point. Since due to these 
fluctuations, it often positioned with one or more 
controlled static converted static converters for the 
advancement of the maximum power point. These 
commands are known as maximum power point 
tracking (MPPT) associated with the choppers, which 
provides coupling within Photovoltaic module 
receivers, forcing the first to deliver its maximum 
power [4]. 

 
II. MAXIMUM POWER POINT TRACKING 

 
A typical solar panel transforms at most 30 to 40 
percent of the incident solar irradiation into electrical 
energy. Maximum power point tracking technique is 
used to ameliorate the efficiency of the solar panel. 
According to Maximum Power Transfer proposition; 
the power output of a circuit is at the greatest amount 
when the Thevenin impedance of the circuit (source 
impedance) matches with the load impedance [5]. 
Therefore the difficulties of tracking the maximum 
power point lessen to an impedance corresponding 
problem. In the source side, a boost converter is 
attached across a solar panel in order to augment the 
output voltage so that it can be utilized for divergent 
applications like motor load. By amending the duty 
cycle of the boost converter, the source impedance 
can be corresponding with that of the load 
impedance. The efficiency of a solar cell is 
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immensely low. In order to get larger efficiency, 
methods are to tackle the corresponding source and 
load properly. One such technique is the Maximum 
Power Point Tracking [5]. 
 
III. PV PANEL MODELLING 

 
A PV cell is a semiconductor diode with a P-N 
junction. A series and parallel amalgamation of PV 
cells form a PV panel. A PV panel transforms the 
solar insulation into useful direct current. The current 
output will be dependent on insulation, temperature 
and the material used to manufacture the cells [6].The 
first few PV cell simulated models that were 
developed did not take into account the consequence 
of temperature, insulation and material used during 
the design and simulation phase. The error between 
the simulated model and the actual model however is 
too significant to ignore. A more accurate, precise 
and dynamic model was developed. This model takes 
into account the material, solar insulation and 
temperature effects on the PV panel’s power. This 
work will focus on the single diode model developed 
in, this model consists of a diode, current injector, 
series resistor and parallel resistor [6].A solar module 
composed of multi solar cells. The attribute of a solar 
module is the identical as that of a solar cell 
anticipate with the amend in the magnitude of current 
and voltages. A solar module normally composed of 
36 or 72 individual cells. Several solar PV modules 
attached in appropriate fashion (series and or parallel) 
forms an array [7]. 

 
IV. FUZZY ADAPTIVE NETWORK 

 
The purpose behind the Neuro fuzzy control is that to 
find a use for the structural learning algorithms to 
find the absolute fuzzy rules and uses parameter 
learning algorithms so that it can attune the fuzzy 
membership functions and of distinct attributes [8]. 
The fundamental segments and functions of 
convention FLC is consolidated with a constructionist 
network which has powerful learning abilities to form 
the feed forward neural network designate as fuzzy 
adaptive learning control Network. Where as in this 
particular network the input node depicts the input 
state and the output node represents the control signal 
or the decision maker. The in-between hidden layer 
consists of the nodes representing the fuzzy 
membership functions and fuzzy rules. The rule base 
be composed of IF-THEN rules [8].The linear 
amalgamation of input variable and a constant gives 
rise to the output of rules. 

 
V. BOOST CONVERTER 

 
Boost converter, or usually well known as a 
conventional boost converter, it is a converter which 
perform to increase the input voltage into an output 
voltage in conformity with the requirements of the 

user. Typically this converter be composed of several 
components, including inductor, electronic switch, 
and diodes [9].In quintessence, there are two 
conditions carry out by this converter, namely, turn-
on condition and turn-off condition. Both conditions 
are ordered by electronic switch, such as MOSFET. 
Moreover, the working procedure of electronic switch 
is till the electronic switch is on, the energy 
forthcoming from source will be deposited in 
inductor. In this state, there is no current flowing 
from the diode. While the electronic switch is off, the 
energy stored in inductor will be transmitted into the 
diode [9]. Hence, the energy will be released into 
load and capacitor will be discharged. 
 
VI. ANFIS 

 
Adaptive neuro fuzzy inference system (ANFIS) put 
together neural network and fuzzy logic. Fuzzy logic 
has capability to transform the linguistic terms into 
numerical values by utilizing fuzzy rules and 
membership functions [10]. However finding 
accurate fuzzy rules together with membership 
functions which highly depend on the system 
behavior can become challenging task. Adaptive 
neuro fuzzy inference system amalgamates neural 
network and fuzzy logic to overcome drawbacks of 
the individual techniques and properly tuned 
Adaptive neuro-fuzzy inference system based 
maximum power point tracking system can track 
maximum power point with greater accuracy than 
that of Perturb and Observe (PO) method [10]. 
Adaptive neuro fuzzy inference assimilates both 
fuzzy logic control (FLC) and artificial neural 
network (ANN) to give the appositely tuned output 
with higher accuracy [11].In fuzzy logic control 
determining the correct fuzzy rules based on error and 
change in error is time consuming and strenuous task 
and artificial neural network is a controller for 
mapping non linearity but it acts as a black box [11]. 
Therefore Adaptive neuro fuzzy inference System 
based controller is designed to overcome their 
drawbacks.  
 
The Adaptive neuro fuzzy inference system method 
begin by fuzzifictaion of inputs, using membership 
functions for information and meet the requirement 
system operation[12].These membership functions 
can be  generating in adequate quantity and format 
to cover the full scope of possible entries representing 
the first layer of the Adaptive neuro fuzzy inference 
system. The second layer accomplish the fuzzy and of 
the precursor part of the fuzzy rules, the next layer 
that is the third layer is that in which basically 
normalizes the membership functions, the fourth 
layer implements the consequential part of the fuzzy 
rules, and finally the last layer calculate the output of 
fuzzy system by summing up the outputs of layer 
fourth [12]. 
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VII. RESEARCH METHODOLOGY 
 
Utilization of Renewable Sources for actual loads is a 
difficult task which has been taken by various 
researchers. Photo-Voltaic cells are the greatly be in 
favor of among them which are used in real world 
these days. This paper aims to enhance the 
performance and  effectiveness of PV system by the 
utilization of Adaptive neuro fuzzy inference system 
technique of maximum power point tracking  .The 
complication  with photo-voltaic is to design 
maximum power point tracking algorithms so that its 
performance can be improved.Fig.1 shows a 
implementation of the PV array. 
 

 
Fig.1. shows  implementation of the PV cell. 

 
The variable parameters such as temperature and 
irradiance are provided to the PV array system as 
shown in the fig 1, so that the variable output is 
obtained which is further provided to the boost 
converter as shown in Fig.2.  

 

 
Fig.2 shows a boost converter 

 
The ANFIS based algorithm is applied over the 
MPPT module system as show in Fig.3.Which 
creates a pulse generated output, thus this output is 
provided to the IGBT gate of boost converter.  

 
Fig.3. complete MPPT system. 

 

 
Fig.4. VSC (voltage source control). 

 
The output of the boost converter is dispensed  to the 
three level bridge inverter, which converts dc to ac 
and then the output of the inverter is implemented to 
the three phase harmonic filters.VSC(voltage source 
control) is also provided to calculate the gate pulse as 
shown in Fig.4.The complete module is shown in 
Fig.5. 
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Fig.5.  Showing  Complete model. 

 
VIII. SIMULATION AND RESULTS 
 
All simulations were done in the MATLAB R 2013 b 
in 2.7 GHz processor enabled by the  computer with 
an  4 GB RAM. Simulink was utilised for developing 
the model and thus the results are shown in this 
section. Fig.6 represents the output of boost 
converter. The boost converter is implemented to the 
input of the solar cell. As observed the output wave 
form of boost converter is a synchronised wave form. 
 

 
Fig.6.  Output Of The Boost Converter 

 
The Fig.7 shows the output wave form of the voltage 
source which is observed that is a synchronized 
sinusoidal wave as per the expectations.  
 

 
Fig.7.  Output Of voltage source. 

The Fig.8.(a) shows the FFT analysis  of the voltage 
source in a signal view display. And Fig.8.(b) shows 
the  FFT analysis  of the voltage source in a FFT 
window  display  
 

 
Fig.8.(a).  FFT analysis of voltage  

 

 
Fig.8.(b).  FFT analysis of voltage  

 
Fig.8.(c) shows that the FFT analysis of the system 
between the Mag (% of fundamental) and frequency 
which shows an bar graph that clearly proves that the 
fundamental (50Hz ) is equal to 3.47e+04, THD is 
equal to 0.17%.Thus the harmonics are reduced and 
hence the efficiency of the system is increased.    
 

 
Fig.8(C).  FFT analysis of voltage  

 
CONCLUSIONS 
 
The paper endeavoured to increase the efficiency of 
the photovoltaic system by utilizing the Adaptive 
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neuro fuzzy inference system (ANFIS) algorithm for 
Maximum power point tracking. The model was 
developed and the results of each sub-system were 
generated and  examined. It was established that 
the results are quite satisfactory to the author’s 
expectation and can be utilised for further exploration 
in future.  
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