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ABSTRACT 
In this paper firstly we present some most famous 
maximum power point tracker (MPPT) system’s. after 

that we survey the P-V and I-V curves of solar arry’s 
and necessity of maximum power point tracker in solar 
system’s. in the next we design the Fuzzy controller 
and finally we evaluat the controller behavior in 
different noisy conditions. 
 

KEYWORDS 
Solar array, Maximum power point tracker, Fuzzy 
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INTRODUCTION 
Nowdays the humanity life has related in electrical 
energy widely. This energy has been become to 
inseparable and vital part of human life, so that 
goverments consider various plans for produce, 
operation and distribution. As entrance of human 
civilization into 21 centry and necessity of human to 
the electrical energy, and the other hand fossil source’s 

reduction and also important role of this fuels in 
environmental pollution makes him to discover clean 
and renewable energy sources. wind, waves, 
geothermal and solar energy are in this categury. Solar 
energy cause of availability and high potentiality is one 
of the most important renewable resources. With 
increasing progress of photovoltaic cells and 

increasing of their’s efficiency in recent years, the 
topic of maximum power point tarcking of these cells 
has been become to one of the significant issues [1] , 
[2]. 
Since productivity power in solar cells  is alwayes 
related in some parameters like irradiance intensity, 
irradiance angle, cell’s surface temperature and 
another ingredients of these days life like air pollution, 

therefore maximum power tracking of solar cells has 
been become to one multi-parameter issue. 
In many articles, variant wayes are proposed to 
achieve MPPT.  In [3] by turbulence and observe 
method, appropriate MPPT is provided. But tracking 

power of  solar array in steady state and noise less 
condition has considerable swing round maximum 
point. Furthermore in irradiance intensity  change’s 
time, the controller need more time to reach MPPT 
than other ways. In figure 1 algorithm of turbulence 
and observe method has been shown. Where P, V and 
δ respectively are power, voltage and level of 

controller changes. In figure 2 and 3 the stability and 
also time’s period to reach MPPT is shown. 

 
Figure 1 

 Algorithm of turbulence and observe method [2] 
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Figure 2 

 MPPT by fuzzy controller [1] 

 

 
          Figure 3 

MPPT by algorithm of turbulence and observe [3] 
 
In [3] worked on fuzzy controller type-1 and 
utilization of fuzzy cognitive networkd (FCN) 

methode to access appropriate and stable MPPT and in 
this case they had successed partly but difficulty of 
suggested algorithm implementation and high-volume 
calculations and also ignoring of imposible or low 
repetition cases has been become to an important issue. 
In figure 4 algorithm of fuzzy cognitive networkd is 
shown where E and U respectively are error value and 
level of contoroller changes. 

 
 

 
Figure 4 

algorithm of fuzzy cognitive networkd [3] 

 
In this article tried to reach an appropriate MPPT by 
using of fuzzy controller type-1. furthermore the 

controller can always attain a low turbulence constant 
power from solar array in noisy conditions. In addition 
to the controller has been designed to have maximum 
efficiency and minimum noise in maximum and 
minimum solar irradiance since in this cases receiving 
highest and the most stable power from system is 
desired. 

 

SIMULATION OF SOLAR ARRAY 
The solar cell’s output power related to various 
parameters like solar irradiance intensity, cell’s surface 
temperature, reverse saturation current of cells and etc. 
hence cell’s operation is estimated by (1), (2) and (3) 

equations. In figure 5 the equivalent circuit of a solar 
cell has been shown. This model at the same simplicity 
has shown acceptable results in different articles [2] , 
[4]. 
In figure 5, Idiode is diode current, Rs is series resistor, 

Rsh and IRsh are parallel resistor and current of parallel 

resistor respectively, Ut and It are output voltage and 

current of solar cell. 
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Figure 5 

 the equivalent circuit of a solar cell [1] 
 

By renunciation of ser 

ies resistance effect, the current of cell become to [4]: 
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In (1) It is solar cell’s output current (A), Ut is solar 

cell’s voltage (V), q is the charge of the electron, K is 
Boltzmann constant (J/K), A is p-n junction factor, T 
is solar cell’s temperature (K) and Irs is the reverse 

saturation current of solar cell. In (1) and (2) factor A 
define solar cell’s error value according to p-n 
junction’s parameters, where its variable in articles 

between 1 to 5. And also Ph sI I . 
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In (3) Iscr  is the solar array’s short circuit current under 

conditions of temperature and irradiance reference. Ki 

is the short circuit current temperature coefficient and 

S is intensity of solar irradiance (mW∕cm2). In (4) Tr is 

cell’s reference temperature, Irr is reverse saturation 

current at Tr temperature, K' is Boltzmann constant 

(eV/K)  and energy gap of semiconductors used in cell 
is 1.115. by using of (1), (2), and (3) equations and 

MATLAB/Simulink the model of solar array is shown 
in figure 6 [7]. 
 

 
Figure 6 

Simulink model of solar array 
 

a solar array is created by connecting several solar 

cells in series and parallel. The curevs of solar array’s 
performance has been ploted for various solar 
irradiance in the area of a square. This curevs has 
been shown in figure 8 and 9. 

 

 
figure 8 

 power / voltage curves of solar array 
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Figure 9 

current / voltage curevs of  solar array 
 

According to figure 8 and 9 is seen that power and 
current of solar array increase as inceasing irradiance 
intensity. But this increasing continues a certain extent 
and then based on cell‘s structure and temperature 
conditions the curve’s slope will drop significantly. 

 

DESGIN OF MPPT SYSTEM USING FUZZY 

CONTROLLER 
The method of muximum power tracking from solar 
arrays are so various. Among these methods, P&O 

algorithm, fuzzy and neural networks has been used 
[3] , [4] , [5]. Fuzzy control has shown good 
performance in muximum power tracking at the same 
simplicity [1] , [2] , [4]. 
Fuzzy logic was introduced in 1965 by pro. Lotfi zade 
for first time. In fuzzy control  type-1 has been utilized 
from knowledge experience of one person only, 

whereas it’s possible  that expert’s opinions be 
different in some cases. But in this control method, 
there are no comments to exert greater efficiency. To 
apply different opinions on the fuzzy controller should 
use fuzzy control type-2 [6] , [7]. In this article has 
been used from fuzzy controller type-1 to achieve 
MPPT. 

At the first by using (4) and (5) equations take action 
to account error [E(K)] and error changes [CE(K)] after 
that  by using these two parameters fuzzy controller is 
is designed [3]. In fact, in (4) and (5) equations a step 

before voltage is compared with current-voltage of 
system. 
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( ) ( ) ( 1)CE K E K E K                                          (6) 

 

In (5) and (6) equations Ppv(K) and Ipv(K) are power 

and current of solar array respectively. 

 

 
Figure 6 

 Fuzzy membership function E(K) 
 

 
Figure 7 

Fuzzy membership function CE(K) 
 

Figure 8 
Output Fuzzy membership function 
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In figures 6, 7 and 8 the fuzzy membership functions  
E(K), CE(K) is shown respectively. Also in table 1 the 
fuzzy rules has been found. The membership functions 
E(K) and CE(K) are considered as a triangular untile 

that the controller has a proper and faster response 
toward inputs, also the output membership function 
define as gaussian till the controller has low noise and 
steady output. In the controller the intervals of  E(K) 
and CE(K) functions has been considered large enough 
till when the value of E(K) and specially CE(K) will be 
large, the controller can show good performance and 

the controller can be used in various type of solar 
arrays with large scale voltage parameters [8]. 
 
In table 1 the fuzzy rules is shown. 
 

Table 1 
 Fuzzy rules  

 
     

SIMULATION 
In this section we proceed to simulattion of solar array 
and fuzzy controller. Because of existence noise in 

solar irradiance intensity on solar array in real 
conditions, thus for simulating of environmental noise 
has been used of constant 3 and a sinusoidal function 
with 5 amplitude and 50HZ frequency that they are 
added to input irradiance intensity to array and are 
applied to array. It should be noted that used solar array 
maximum power is 20 watts and temperature 

conditions is constant and it’s has been considered to 
20℃. Now we proceed to surveying controller’s step 
response. Step function begin with 400 initial value 

and it reaches to 800 at the first secend time. (in fact 
400 and 800 are solar irradiance intensity on solar 
array). Fig 9 show the designed controller’s behavior 
toward input step in noisy condition. 
 
 

 
Figure 9 

 Controller’s behavior toward step input in noisy 
condition 

 
In figure 9 is seen that controller answers to power 
changes at the time of 0.1 seconds. At next we 
consider a mood which in that solar irradiance 
intensity is begin with 400 firstly and then it’s 

increased to 600, 800 and 1000 (mW/cm2) and after 

that it’s redused to 800 (mW/cm2). The aim of this 
section is surveying controller’s behavior during the 

day, with different intensity and study of  the effect of 
the cloud’s shadow, on the solar array. The results of 
simulation has been shown in figure 10.  
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Figure 10 
 The behaviuor of fuzzy controller based on power, error value and error changes 

 
 

According to figure 10 the controller has been 
designed to has minimum niose in it’s output at 400 

and 1000 (mW/cm2) irradiance intensity, because in 

400 (mW/cm2) irradiance condition according to the 

decreasing produced power of solar array and 
necessity to charging battery or or load supply it’s 
better to have low noise power. Also in 1000 

(mW/cm2) irradiance intensity the controller has 

been designed in such a way that the system can 
continue to operate with minimal noise it should be 
noted that the controller in noisy condition at best 
has 98.5 precent efficiency . In figure 10 in addition 
of MPPT and output power of solar array, E(K) and 
CE(K) parameters changes has been specified with 

respect to time. 
 

                                                        

CONCLUSIONS                                                                                                         

In this article to recevie maximum power from solar 
array, a fuzzy controller type-1 has been designed. 
This controller has large changes interval in it’s 
inputs. Also cause of used gaussian functions in 

output, the controller could has stable output in 
noisy condition. In addition because of large scale 
rang of inputs in this controller, This controller has 
the potential to control different solar arrays with 
higher E(K) and CE(K). 

REFERENCES 
 

1. M.Balato, M.vitelli. "A Hybrid MPPT techniqe 
based on the fast estimate of the maximum power 
voltage in PV applications." EVER. 8th. conference 
and exhibition on ecological vehicles and renewable 
energies , 2013. 



 
 

 

 

 
 

 

 

 

 

المللی انرژی بین گاهشنمایدومین کنفرانس و 

 4931خورشیدی 
2nd International Conference and Exhibition on Solar 

Energy (ICESE)2015 

 

 

   

2. Dalila Beriber, Abdelaziz talha. "MPPT technique 
for PV systems." 4th international conferance on 
power enginering, Energy and electrical drives. 
Istanbul, Turkey, 2013. 

 
3. Theodors L.Kottas, Yiannis.S Botalis. "New 
maximum power point tracker for PV arrays using 
fuzzy controller in close cooperation with fuzzy 
cognitive networkd." IEEE Trans. on Energy 
convertion 21 (sep 2006). 

 

4. Anurag Sai Vampati, Laxmidhar Behera. "T-S 
fuzzy model based maximum power point tracking 
control of photovoltaic system." international 
conferance on fuzzy systems. Hydarabad: IEEE, 
2013. 
 

5. Tsai-Fu Wu, Chien-Hsuan Chang. "A fuzzy-logic-
controlled single-stage converter for PV-powered 
lighting system applications." Indaustrial 
Electronics (IEEE) 47 (April 2000). 

 
6. Nilesh N.Karnik, Jerry M.Mendel. "Type-2 fuzzy 
logic systems." Fuzzy Systems (IEEE) 7 (DEC 
1999). 

 
7. Jerry M. Mendel, Life Fellow, IEEE, Robert I. 
John,Feilong Liu. "Interval Type-2 Fuzzy Logic 

Systems Made Simple." Fuzzy Systems 14 (DEC 
2006). 

 
8. Feng Wang, XinkeWu, Fred C. Lee, Fellow, 
IEEE. "Analysis of Unified Output MPPT Control 
in Subpanel PV Converter System." POWER 
ELECTRONICS 29 (March 2014)

 


