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ABSTRACT: The Solar power varies mainly depends on the weather conditions. Many new algorithms have been 

projected to track the maximum power point (MPPT) of the solar system. This paper, presents a comparative study of 

two intelligent control methods in order to optimize the efficiency of the solar PV system. This paper presents in details 

comparative study between Incremental conductance algorithm and fuzzy Logic controller algorithm applied to a DC-

DC Boost converter device. The Boost converter increases output voltage, it is depends on the duty cycle of switch 

device. The proposed controllers are adjusting the duty cycle of the DC-DC converter switch to track the maximum 

power of a solar PV array. Finally performance comparison between Incremental conductance and Fuzzy logic 

controller method has been carried out which has result shown the effectiveness of Fuzzy controller to draw more 

energy, decreases fluctuations and fast response, against change in variable weather condition. The final result show the 

fuzzy logic controller exhibits a better performance compared to Incremental conductance. 

 

KEYWORDS: Photovoltaic System, Maximum Power Point Tracking, Boost Converter, Incremental Conductance 

Algorithm, Fuzzy logic Controller. 

 

I. INTRODUCTION 

In the world, the population is Increase day by day, so energy demand is alsoincrease, but the fossil fuels coal,uranium, 

oil, gas and etc. are limited, so we need the alternative energy sources. Renewable energy sources play main role in 

electricity generation. Different renewable energy sources like wind, solar PV, biomass and fuel cells can be used for 

the alternate option of the generation of electricity and completed our daily energy demand. Energy from the sun is one 

of the best option for electricity generation as it is free pollution and freely available everywhere. Renewable sources of 

energy acquire growing importance due to its enormous consumption and exhaustion of fossil fuel. The solar 

photovoltaic (PV) array directly converted the solar energy into electrical energy, but efficiency of the PV system is 

low and cost is high. The efficiency of solar array depends on many factors such as insolation, temperature, spectral 

characteristics of shadow, sunlight, etc. During cloudy weather due to varying insolation levels the output of the array 

keeps varying. The efficiency of the photovoltaic system may be increased by using maximum power point tracker 

(MPPT). So, we need a tracker, which track maximum current and voltage at a point.[1] The MPPT is a process which 

tracks maximum power from array and by varying the ratio between the voltage and current, increase the output power 

of the system. There are many different MPPT techniques based on different topologies and varying complexity, cost 

and production efficiency, these techniques are use for increase the efficiency of PV system[13,15,18].In this paper, 

presents a comparative study of two MPPT algorithm techniques in order to optimize the efficiency of the solar PV 

system. Incremental conductance and Fuzzy logic controller techniques applied to a dc-dc Boost converter device. The 

proposed techniques are well adjusting the duty cycle of the boost converter switch to track the maximum power and 

increase efficiency of a solar PV array.[5] In this paper, intelligent controller techniques using fuzzy logic controller is 

associated to an increase energy conversion efficiency and compare to Incremental conductance method. The proposed 

controller method is simulated by using Matlab/Simulink simple Matlab Tool. The Simulation and analysis of 

incremental conductance and fuzzy logic controller are presented. 
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II. PROPOSED SYSTEM 

The proposed system consists of a PV array connected to a dc-dc boost converter and regulated the step-up output 

voltage. The boost converter input duty cycle adjusting by the MPPT controller, it is use to track the maximum power 

from solar array. The block diagram of the proposed system is shown in Fig.1. 

 

 
 

Fig.1 Block diagram of the proposed system 

 

III. MODELING OF PV SYSTEM 

 
A solar PV cell basically is a p-n semiconductor junction. When exposed the light on the solar panel, a dc current varies 
linearly with the solar PV irradiance. The equivalent electrical circuit of an ideal PV cell can be treated as a current 
source parallel with a diode shown in Fig. 2. 

 

Fig.2.Equivalent electrical circuit of a solar cell 
 

The basic equitation from the theory of semiconductors that mathematically describes the I-V characteristic of the ideal 

PV cell is: 

IdII cellpv  ,            (1) 
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Where, 

Ipv,cell: current generated by the incident light  
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Id: The Shockley diode equation 

Io,cell: The reverse saturation current of the diode 

q: electron charge (1.60217646*10^-19c) 

k: Boltzmann constant (1.3806503*10^-23) 

T: cell Temperature in Kelvin (k) 

V: solar cell output voltage (V) 

Rs: solar cell series resistance (Ω) 

Rp: solar cell parallel resistance (Ω) 

When the cells connected in parallel which Increases the current and the cells connected in series provide greater output 

voltage. The various equations describing the PV cell characteristics are using suitable mathematical blocks from the 

MATLAB Simulink library [2,3,6].This Simulation is done for standard test condition, when temperature is 25̊C and 

Irradiation is 1000W/m^2[9,10,11,12]. 

 

Fig.3 P-V & I-V characteristic of PV array 
 

IV.DC-DC BOOST CONVERTER 

 

A Boost converter is a step-up DC-DC power converter, which is converting a low input voltage to a high output 

voltage. In this situation the output current is lower than source current. It is implemented in this proposed system by 

using a diode and MOSFET [21]. The converter operation can be divided into two modes, mode first begins, when the 

transistor is switched on, the current increases linearly in the boost inductor, and the diode is off state, mode second 

begin, when the transistor is switched off, the energy stored in the inductor is discharge through the diode to the source 

load [19,20]. The classical relationship between input and output voltages of a boost converter at steady state condition 

is given by 

DVi

Vo




1

1
            (4) 

Where, the duty cycle D is between 0 and 1. 
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Fig. 4 Boost converter circuit 

V. MAXIMUM POWER POINT TRACKING 

When a solar PV module is used in a system, its operating point is decided by the load, which it is connected to Solar 

radiation falling on a PV system module varies throughout the day, the operating point of module also changes 

throughout the day. A typical solar panel converts only 30% to 40% of the incident solar irradiation into electrical 

energy. In case of sun tracking, PV modules are rotated mechanically so that the radiation intercepted by a module is 

maximum power generation under a given condition, while in case of MPPT, electronic circuitry is used to ensure that 

maximum amount of generation power is transferred continue to the load. The maximum power tracking mechanism 

makes use of an algorithm and an electronic circuit [23, 24]. The mechanism is based on the principle of impedance 

matching between load and PV array, which is necessary for maximum power transfer. Hence the problem of tracking 

the maximum power point reduces to an impedance matching problem. This impedance matching is done by using a 

dc-dc boost converter, this converter used for the impedance matched by change the duty cycle (D) of the switch. 

The power from the solar module is calculated by measuring the voltage and current. This power is an input to the 
algorithm which adjusts the duty cycle of the switch, resulting in the adjustment of the reflected load impedance 
according to the power output of PV array. Several method are presented for maximum power point tracking (MPPT) 
from photovoltaic system such as constant voltage method, Hill climbing method, perturbation and observation (P&O) 
method, Incremental Conductance (IC) method, open circuit voltage method, short circuit current method, Fuzzy logic 
controller method, Neural network etc. [7,8,14].  

Table 1.1 Comparisons of Common MPPT Methods 
 

MPPT technique Speed complexity Reliability Implementation 

Fractional ISC Medium Medium Low Digital/Analog 

Fractional VOC Medium Low Low Digital/Analog 

IC Varies Medium Medium Digital 

Hil climbing Varies Low Medium Digital/Analog 

Fuzzy logic Fast High Medium Digital 

Neural network Fast High Medium Digital 

 

As we know that, the maximum power point (MPP) of photovoltaic system depends on array temperature and solar 

irradiation, so it is necessary to constantly track MPP of solar PV array. For years, research has focused on many MPP 

control algorithm to draw the Maximum power of the solar array. In this paper, the effectiveness most popular two 

different control algorithms are thoroughly investigated via mathematical simulation [5, 17]. 
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A. Incremental Conductance Controller Method 

The Incremental Conductance algorithm is most commonly used in PV system application due to its easement of 

implementation and simplicity. The MPP is tracked by matching the PV array impedance with the effective impedance 

of the converter reflected across the array terminals. The Incremental conductance (IC) can be determine that the MPPT 

has reached the MPP and stop perturbing the operating point [16, 17]. If this condition is not met, the direction of the 

MPPT operating point perturbed can be calculated using the relationship between dP/dV and –I/V. this relationship is 

derived from the fact that dP/dV is negative, when the MPPT is the right side of the MPP and positive, when it is left 

side of the MPP, IC can track rapidly increasing and decreasing irradiance conditions with high accuracy. Disadvantage 

of this algorithm is the medium complexity and slow response, more fluctuations against change in weather conduction. 

 

Fig.5 Flow chart of the Incremental conductance algorithm 

 

Fig.6 Incremental conductance method 

Results of simulation for different tests obtained with the Incremental conductance algorithm are presented and 

compared to those with the Fuzzy logic MPPT controller. 
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Fig.7 Simulink model for Incremental Conductance Algorithm 

B. Fuzzy logic controller method 

Fuzzy logic is a limb of Artificial Intelligence (AI), a branch of Engineering that deals with development of computer 

programs based on the study of human intelligence and nature of human thinking. The basic concept understanding 

fuzzy logic is that of a linguistic variable, that is a variable whose values are words rather than number (such as small 

and large). Fuzzy logic uses fuzzy sets to related classes of objects with unclearly defined boundaries in which 

membership is a matter of degree. The fuzzy logic system more is flexible rather than classical and conventional 

method. Fuzzy logic controller works with imprecise inputs, it does not need an accurate mathematical model. The 

fuzzy logic rules were first proposed by prof. L. zadeh in 1965 and can be implemented for the complex and unknown 

system. The IC method is not satisfied for the system especially for non-linear and complex system and cannot obtain 

the desire results [21, 23]. The structure of the fuzzy controller is based on the changing the control linguistic to form 

of the if-then in an automatic control system and best knowledge and experience can be more useful instead of 

understanding a technical behaviour of the system . In this system we use fuzzy logical operator, AND for Intersection, 

OR for union and NOT for complement [25]. The tracking of the maximum power point will be divided in two phase, 

the first phase is of tough research, with a significant step to improve the response of the MPPT controller and the 

second one is the final phase where the step is very small, thus ensuring the system stability and decrease the maximum 

oscillation around the MPP. The fuzzy controller consists of four functional blocks, fuzzification, fuzzy rule, an 

inference engine and the defuzzification. The fuzzy controller design contains the three following steps: 

 
Fuzzification: In this process of fuzzification, converting the system actual input value E and CE into linguistic fuzzy 
labels using fuzzy membership function. These variables are expressed in different fuzzy levels: PB (positive big), PM 
(positive medium), PS (positive small), ZE (zero), NB (negative big), NM (negative medium), and NS (negative small), 
using basic fuzzy subsets. 

 

TABLE 1.2: The twenty-five fuzzy rules subset 

E  /CE NB NS ZE PS PB 

NB ZE ZE PB PB PB 

NS ZE ZE PS PS PS 

ZE PS ZE ZE ZE NS 

PS NS NS ZE ZE ZE 

PB NB NB ZE ZE ZE 
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The Fuzzy logic diagram is shown in figure, that is including two inputs of the FLC system are the error (E) and 

change of error (CE) that are defined by eq.(5,6). The output of Fuzzy logic is duty cycle (D) that should be 

operating to the Boost converter. 

The error is given by: 

)1()(

)1()(
)(






kVpvkVpv

kPpvkPpv
kE         (5) 

And the change in error is: 

)1()()(  kEkEkCE          (6) 

And the output of the controller is given by: 

)()1()( kDkDkD           (7) 

 

 

 

 
Fig.8: The membership functions of E, CE, and D. 
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Fig.9 Internal structure of the fuzzy logic system 

Fuzzy Rule base and inference engine: Fuzzy rule base is a combination of if-then functions that are used for the 

fuzzified all inputs for the controlled parameters. Fuzzy rules dependent on operation of the system and experience. In 

this study, the fuzzy rules include twenty-five fuzzy control rules with specific range of membership functions being 

considered fuzzy inference engine is an operating process method that formulates a logical decision based on the fuzzy 

rule. The fuzzy rules should be transferred into fuzzy linguistic output. In this paper mamdani is fuzzy inference 

method has been used with max-min operation fuzzy combination has been used. 

Defuzzification: The process of defuzzification calculates the crisp output of the fuzzy logic controller. The output 

fuzzy data that is defined by converted to the numerical variable by creating the union of the output from each rule and 

converting a linguistic variable (fuzzy number) into a numerical variable (real number). In this paper, the center of 

gravity defuzzifier is used. 

 

 
Fig. 10 Simulink Model for the fuzzy logic MPPT controller 
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VI. SIMULATION RESULTS 

 

Simulation of Incremental Conductance output Results 

Fig.11 and Fig.12 shows the simulation results of boost output current and voltage, when incremental conductance 

MPPT method has been applied for the control duty cycle of boost converter. The current waveform is more stable and 

more efficient compare to without any MPPT method applied. 

 
Fig. 11 The Boost converter output current with IC Controller 

 

 
Fig.12 The Boost Converter output Voltage With IC Controller 

 

 
Fig.13 The Boost Converter output Power with IC controller 
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Fig.13 show the simulation result of boost output power, when incremental conductance MPPT method has been 

applied for the control duty cycle of boost converter. 

Fuzzy Logic output Simulation Results 

Fig.14 and Fig.15 shows the simulation result of boost output current and voltage, when fuzzy logic MPPT method has 

been applied for control duty cycle of boost converter. These current and voltage waveform are more stable and has 

more efficient compare to without any MPPT methods 

 
Fig.14 The Boost output Current with Fuzzy logic controller 

 
Fig.15 The output Voltage with Fuzzy logic controller 

 
Fig.16 The Boost Converter Output Power with Fuzzy logic controller 
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Fig.16 show the effect of fuzzy logic controller on the boost converter output power waveform , since it become 

constant at the maximum value(630.8W) after small settling time.  

Comparative Results of IC controller and Fuzzy logic Controller 

Fig.17 and Fig.18 shows comparative results of incremental conductance and fuzzy logic controller output current and 

voltage waveform .In these Fig. we have seen that current and voltage waveform due to fuzzy logic controller method 

are more stable and has less fluctuation compare to incremental conductance MPPT method. The fuzzy logic 

controller output current and voltage are 2.512A and 251.1V.The output current and voltage of incremental 

conductance are 2.440A and 244.6V respectively. 

 
Fig.17 The Boost output current Results of IC controller and Fuzzy Logic controller 

 
Fig.18 The Boost output Voltage Results of IC controller and Fuzzy Logic controller 

 
Fig.19 The output Power Result of IC controller and Fuzzy Logic Controller 
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Fig.19 show boost output power using IC mathod and fuzzy controller is 598.2W and 630.8W respectively. 

VII.CONCLUSION 

This paper presents a comparative study between Incremental Conductance and Fuzzy Logic MPPT controller methods 

in Matlab/Simulink. The solar PV system main problem, efficiency low and cost is high, and output is change in cloudy 

weather conductions. So we need a effective MPPT controller. Finally performance of comparative study, we found 

that the Fuzzy Logic controller is effectiveness compare to IC controller. The Fuzzy Logic controller Increase output 

power, less fluctuation and fast Response, against change in weather conductions. The Fuzzy controller is superior 

compared to Incremental conductance. 
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