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Abstract - This paper presents an intelligent control 
method to track the maximum power point from a 
photovoltaic system irrespective of changes in temperature 
and irradiance. The objective of controller to increase 
tracking efficiency and to simultaneously solve the inherent 
drawbacks in conventional maximum power point tracking 
algorithms. First for the purpose of comparison and because 
of its proven good performance the INC(incremental 
conductance) technique is introduced and then its 
parameters have been compared with the proposed 
FLC(fuzzy logic controller).An optimized FLC using 
mamdani type fuzzy inference system is proposed. The MPPT 
(maximum power point tracking) algorithm is implemented 
with proposed Cuk converter to increase the converter 
output from the PV panel. The Cuk converter has low 
switching losses and the highest efficiency among non-
isolated DC-DC converters. It can also provide a better 
output-current characteristic due to the inductor on the 
output stage. Experimental test has been done for 
multichanges in irradiance, temperature by keeping voltage 
and current as main sensed parameter. Results show that 
cuk converter produces higher output voltages and gives 
better efficiency than the conventional boost converter. The 
design is accomplished and verified using matlab/simulink 
software.  
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 I. INTRODUCTION 
 
The increasing demand for energy, the continuous 
reduction in existing sources of fossil fuels and the 
growing concern regarding environment pollution, have 
push mankind to explore new technologies for the 
production of electrical energy using clean, renewable 
sources such as solar energy, wind energy etc.[1-3]. There 
are inherent problems with Photovoltaic modules like 
rapid change in insulation conditions, high initial 
establishment cost and low conversion efficiency. To 
overcome the problems it is necessary to optimize the 
design of Photovoltaic system components. A photovoltaic 
generation system should operate at its maximum power 
point (MPP) to increase the system efficiency [4-6]. 

However the MPP also changes with irradiation level and 
temperature due to nonlinear characteristics of PV 
modules. To overcome this many MPPT algorithms have 
been developed [7-9]. Recently Fuzzy logic has been 
applied in tracking the MPP of PV systems as it has the 
advantages of being robust, simple in design and minimal 
requirement for accurate mathematical modeling. 
However fuzzy methods depend on a careful selection of 
parameters, definition of membership functions and fuzzy 
rules. In the proposed system initially the photovoltaic 
panel has been replicated with the help of mathematical 
equations in simulink. Then a photovoltaic subsystem with 
Cuk converter has been designed. After that the simulink 
model with MPPT controller working on the principle of 
Incremental conductance algorithm has been modeled and 
the efficiency of this model with the fuzzy model was 
compared by considering various conditions of 
temperature and irradiance. 

 
Fig -1: Simple model of proposed system 

 
 The simple model of the proposed system has been shown 
in Fig.1[4]. A Maximum Power Point tracking system 
contains a PV array, which is a solar panel formed with an 
array of solar cells. The power that is outputted by the PV 
array is given as input to the Cuk Converter circuit. Cuk 
Converter operates based on the commands of the MPPT 
System. The parameters of PV array like Current (I) and 
Voltage (V) are given as input to the MPPT System. Based 
on these parameters the MPPT system generates the 
output pulses. These pulses are used for switching purpose 
in the Cuk Converter, which controls the output power at 
the Cuk-Converter thus controlling the output power of the 
whole System.  
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2. MODELLING OF PV MODULE IN SIMULINK  
 

A PV Subsystem is similar to a PV Module. A 5w panel is 
selected for experimentation whose specifications are 
listed in table 1. 
 

Table1: Specifications of PV module considered for 
experimentation 

VOC ISC Pow
er 

Rated 
Voltage(
Vmax) 

Rated 
Current(I

max) 

Powe
r 

oleran
ce 

Np Ns 

21.06
V 

1.39
A 

20 
W 

17.40 
V 

1.20A ±5% 9 4 

  
These parameters are measured at (STC) standard test 
conditions) 1000w/meter2 and at 250 C.we have replicated 
the PV Panel in simulink using mathematical equations. 
The voltage-current characteristic equation of a solar cell 
is given as 
 
I=IPH–IS[expq(V+IRS)/kTCA)−1]−(V+IRS)/RSH (1)  

 
Where IPH is a light-generated current or photocurrent, IS is 
the cell saturation of dark current, q (= 1.6 ×10−19C) is 
electron charge, k (= 1.38 ×10−23J/K) is a Boltzmann’s 
constant, TC is the cell’s working temperature, A is an ideal 
factor, RSH is a shunt resistance, and RS is a series 
resistance. The photocurrent mainly depends on the solar 
irradiance and cell’s working temperature, which is given 
as  
 IPH=[ISC+KI(TC−TRef)]λ (2) 

 
Where ISC is the cells short-circuit current at a 25°C and 
1kW/m2, KI is the cells short-circuit current temperature 
coefficient, TRef is the cell’s reference temperature, and λ is 
the solar irradiance in kW/m2. On the other hand, the 
cell’s Saturation current varies with the cell temperature, 
which is given as  
 
 Is=IRS(Tc/Tref)3exp[qEg(1/Tref–1/Tc)/kA (3) 

 
Where IRS is the cell’s reverse saturation current at a 
reference temperature and a solar radiation Eg is the band 
gap energy of the semiconductor used in the cell. In 
general, the PV efficiency is insensitive to variation in RSH 
and the shunt-leakage resistance can be assumed to 
approach infinity without Leakage Current to ground 
hence Equ 1 can be written as  
 

I=IPH-Is[exp(q(V+IRs)/kTcA)-1] (4) 
 

Since a typical PV cell produces less power, the cells must 
be connected in series-parallel configuration on a module 
to produce enough high power as shown in Fig.2. A PV 

array is a group of several PV modules which are 
electrically connected in series and parallel circuits to 
generate the required current and voltage. The equivalent 
circuit for the solar module arranged in NP parallel and NS 

series. 
 

I=NpIPHNpIs[exp(q(V/Ns+IRs/Np)/k)] (5) 
 

 
Fig -2: General model of a PV cell 

 
The reverse saturation current can be obtained based on 
following equation 
 

IRS=Isc/[exp (qVoc/NskATc)-1] (6) 
 

These equations can be implemented in simulink 
environment using blocks that perform mathematical 
operations.  

 
 

Fig -3: PV Module Block in simulink environment 
 

The modeling of PV module in simulink environment is 
implemented as shown in Fig.3. Equ(2) is implemented 
using the mathematical blocks summers, multipliers in the 
Photon Current block as shown in the Fig.4. 

 
Fig -4: Photon current block 

 
The Isc reference value is the value that is given on the 
panel at a particular test condition. Here, in our case it is 
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0.075A because the Isc value as per the panel specification 
is 0.3A and we have 4 cells in parallel in the panel. So, for 
each cell 0.075A will be the Isc Value. Equ (3) is 
implemented in the Saturation Current block and all the 
required inputs for it are processed in C to Kelvin block 
and Reverse Saturation Block. Equ(6) is implemented in 
the reverse saturation block which is later given as input 
to the saturation current block. Equ(5) is implemented in 
the PV output current block whose inputs are all the 
previous values calculated in Fig.4.  
 

3. MODELING OF DC-DC CUK CONVERTER IN 
SIMULINK 
 
 Photovoltaic panel generated voltage is fed to the 
converter and Cuk converter output connected to the load. 
By varying the duty cycle the voltage gain of Cuk converter 
can be set higher or lesser than unity. Although the buck–
boost configuration is cheaper than the Cuk converter but 
it has limitations such as high peak and discontinuous 
input current, poor transient response and efficiency. The 
Cuk converter has low switching losses and the highest 
efficiency among non-isolated DC-DC converters. It can 
also provide a better output-current characteristic due to 
the inductor on the output stage. The practical circuit of 
Cuk converter using diode and MOSFET is shown in Fig.5  

 
Fig -5:Cuk Converter Using Diode and MOSFET Switch 

The values of the inductors and capacitors are calculated 
using the following expressions 
L1 = (1-k)2R/2kf , C1 = k/2fR 
L2 = (1-k)R/2f , C2 = 1/8fR 
 
Where Resistive load, R = 100Ω; k is duty cycle which is 0.5 
and Switching frequency, f=1kHz.Basing on the above 
equations, the values obtained to produce maximum 
output are listed as Input inductor L1 = 5mH; Capacitor C1 
(PV side) = 10μF; Filter inductor L2 = 5mH; Capacitor C2 
(filter side) = 8mF 

 

Fig -6: Simulink Model of CUK Converter 

Fig.6.depicts the modeling of CUK converter. The PWM 
pulses generated in the MPPT block is fed as input to the 
IGBT diode. The IGBT(Insulated-Gate Bipolar Transistor) 
diode is 3-terminal semiconductor device used as an 
electronic switch. It provides high efficiency and fast 
switching. It is designed in order to turn on and off rapidly. 

4. MODELING OF INCREMENTAL CONDUCTANCE 
MPPT ALGORITHM IN SIMULINK 

 
The incremental conductance method can perform 
maximum power point tracking under rapidly varying 
irradiation conditions with higher accuracy than the 
Perturb and observe method[5]. The sampling frequency is 
decreased due to the higher complexity of the algorithm 
compared to the P&O method[6,7]. So we have to mitigate 
with a trade-off between complexity and efficiency. Hence 
we go for Incremental Conductance. 
 

 
 

Fig -7: PWM signal generation 
 

The MPPT block in the above Fig.7 has the algorithm 
implemented. The output of the MPPT block is duty cycle 
which is a constant. This value is compared with the initial 
duty cycle which is given a constant value of 0.5 so that it 
does not go to saturation stage. The duty cycle is compared 
with the repeating sequence to generate PWM pulses 
which is given as input to the CUK converter. The on/off 
PWM signal acts as a switch that switches ON and OFF the 
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CUK converter. The incremental conductance algorithm 
implementation is shown in the Fig.8. 

 
Fig -8: Incremental Conductance Algorithm using Simulink 

 

5. MODELING OF FUZZY LOGIC BASED MPPT 
CONTROLLER IN SIMULINK 

 
The proposed Fuzzy Logic Controller is implemented using 
the fuzzy logic toolbox of Simulink. The Fuzzy logic 
controller uses the fuzzy logics to make the decisions and 
to control the output of the controller. The main 
components in fuzzy logic based MPPT controller are 
fuzzification, rule-base, and inference and defuzzification 
as shown in Fig.9. 
 

 
Fig -9: Fuzzy Logic block diagram 

 
The fuzzy inference in the proposed model is carried out 
by using Mamdani’s method, and the defuzzification uses 
the centre of gravity to compute the output of FLC which is 
the change in duty cycle. Based on the rule set and the 
membership functions we define for the inputs and output, 
the fuzzy logic controller will produce the output. Here all 
the inputs and outputs are defined as a range of values 
rather than a particular value. This makes Fuzzy logic 
MPPT algorithm more efficient than other algorithms. It 
generates more output power, less fluctuations and faster 
response. 

 
Fig -10: Fuzzy MPPT Simulink Model 

The simulink model of fuzzy MPPT is shown in Fig.10.The 
MPPT block as shown in Fig.6 has been replaced with a 
fuzzy controller block to compare the operation of both 
controllers. 
 

 
Fig -11: MPPT Block in Fuzzy logic MPPT 

 
 The main block in Fig.11 is Fuzzy logic Controller (FLC). A 
Fuzzy logic controller has two inputs namely Error (E) and 
Change in Error (CE). It has an output which is the duty 
cycle ratio. As we considered conductance as the 
measuring parameter the error is given by E= ∆I/∆V +I/V 
and Change in Error is given by CE= E (K) –E (K-1). This is 
done using FIS Editor as shown in Fig.12.  
 

 
 

Fig -12: FIS Editor 
 

6. RESULTS  
 
Fuzzy logic systems consist of knowledge base, based on “if 
then rule set” and inference structure called fuzzy 
inference system. The fuzzy inference system combines 
fuzzy rules into a mapping function between input with it’s 
output of the system using fuzzy reasoning methods The 
possible range is divided into 5 regions as NB-Negative big; 
NS-Negative small; ZE- Zero equal; PS-Positive small PB-
Positive big hence there will be a 25 rule set. The rule set 
with membership functions as Error(E),Change in 
error(CE) at input and output duty cycle of the cuk 
converter are shown in Fig.13. 
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Fig -13: Defining rules in FIS editor with input 

membership functions E, CE and output membership 
function as Duty cycle. 

 
 The response from all fuzzy rules for the given input is 
combined together and is given as input to defuzzification 
process. The Rule Viewer presents a roadmap of the entire 
fuzzy inference process. It contains the input and output 
windows and each window have a vertical slider. By 
dragging the slider, the outputs for the corresponding 
current input values are displayed on the top of the 
window. The Surface Viewer is a three dimensional curve 
that displays the mapping of 3 parameters. The entire 
mapping between the inputs and the output can be seen in 
a single plot. The FIS Rule view and surface view are 
shown in Fig.14.  
 

 
 

Fig -14: FIS Rule view 
 

The performance of the proposed model is evaluated with 
a random variation in both temperature and irradiance. 
Temperature variation is over a range of 100c to 750c and 
irradiance variation is over a range of 100w/m2 to 
1200w/m2.The input signal applied is shown in Fig.15 and 
the outputs obtained are shown in Figs.16-17 for voltage 
and current respectively. The converged response of 
characteristics of PV module is shown in Fig.18 where the 
maximum output power is 8.33W. The response of FLC 

controller is shown in Fig.19 where the maximum output 
power is 18.51W. 
 

 
 

 
Fig -15: Test condition with varying irradiance and 

temperature  

 
Fig -16: Output Voltage with varying irradiance and 

temperature for FLC 
 

 
Fig -17: Output Current with varying irradiance and 

temperature for FLC 
 

 
Fig -18: Converged response of Photovoltaic module  
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Fig -19: Converged response of Fuzzy logic controller  

 

7. CONCLUSIONS 

 According to the proposed model we can observe that the 
Fuzzy Logic controller to attain maximum power using cuk 
converter achieves higher output power. Moreover the 
nonlinearities in the output power are minimized by 
adopting the proposed controller. The replacement of 
normal DC-DC converters with Cuk converter has reduced 
switching losses and the highest efficiency among non-
isolated DC-DC converters. 
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