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ABSTRACT 
This paper proposes to set up 100 KWp grid connected 

photovoltaic (PV) power plant. The maximum power 

point tracking (MPPT) of this PV power plant is 

controlled by using a proposed combination between the 

incremental conductance and integral regulator (CR) 

control and the fuzzy logic control (FLC). This 

combination is applied to the PV power plant through 

dc-dc boost converter. The proposed combination 

collects both advantages of CR and FLC control 

methods. Whereas the CR control method is simple and 

widely used for controlling MPPT of PV panels, the 

FLC provides accurate fast response, high performance 

and maximum efficiency. Therefore, the combination of 

these controllers together could improve the MPPT and 

the PV performance, especially with existing fluctuated 

solar irradiation and electrical noise. For comparative 

evaluation, the response of the PV plant with the 

application of the combined CR and FLC is compared to 

the responses of the application of each of them 

separately. The PV plant is simulated using MATLAB 

and Simulink.  
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I. INTRODUCTION 

 
In recent years, a lot of research works have been 

presented for using the solar energy as an alternative 

resource. PV solar energy is produced from the         

ultra violet light of the sun, which is turned directly            

into electrical energy by chemical reaction. PV solar 

energy is one of the most promising renewable      

energy resources, where it is clean, inexhaustible,    

silent operation and free to harvest [1]. The main 

drawback of PV is the low efficiency of energy 

conversion as compared to other alternative resources. 

PV is a nonlinear source, where its operation depends on 

solar irradiation level and ambient temperature [8]. 

MPPT comes in action of extract the maximum power 

generated by PV panels. Using CR method for achieving 

maximum power point of PV is a popular method 

because it has simple algorithm and it is easy to 

implement. However, CR method has a problem with the 

existing of electrical noise that is generated by the 

nonlinearity of PV panels. The nonlinearity of PV panels 

is due to the fluctuation of solar irradiation level and 

ambient temperature degree. These Changes affect PV 

panels in term of decreasing its efficiency and the 

electrical power generated [2]. Fig.1 shows the behavior 

of PV solar cell upon different solar irradiation levels 

and temperature degrees. 
 

 
 

 
 
 

Figure 1. Nonlinearity characteristics of PV solar cell                            

due to effect of solar irradiation and temperature [8] 
 

A new direction in the development of the MPPT of PV 

is to use the artificial intelligent control algorithms    

such as FLC and neural network. The advantages of 

using these techniques are the increasing of stability 

margin and efficiency. FLC technique is the most 

popular because of its accuracy, high performance and 
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maximum efficiency. Most works in this field deal with 

the mal-operation of PV panels especially at low solar 

irradiation and high temperature degree [3]. Therefore, 

this paper proposes a combination between CR control 

method and FLC with dc-dc boost converter used          

as a solution for controlling MPPT of PV panels.        

The proposed combination between CR and FLC will 

applied on 100 KWp grid connected PV power plant. 

This combination can improve time response, efficiency,   

and stability of the plant especially, with existing of 

changing in solar irradiation and temperature degree.  

 

This paper is organized as follows: Section II introduces 

the modeling of PV, and is followed by a discussion     

on dc-dc boost converter and MPPT algorithms.   

Section III presents the CR control, the FLC control and 

the combination of the two controls for MPPT of PV 

system. Simulation results are presented and discussed in 

Section IV. Finally Section V concludes the findings. 

 

II. MODELING of PV PLANT SYSTEM 
 

II.1   PV Mathematical Model 
 

PV Solar cell is built with P-N junction that is made 

from semiconductor material or other Industrial alloys. 

The Electromagnetic energy of the sun or the solar 

irradiation can be converted to electricity through this 

PV solar cell. PV module has sets of PV solar cells that 

are connected in series and parallel to generate the 

desired voltage and the required current. PV solar cell is 

represented as a current source connected with other 

electrical components. Fig.2 shows the equivalent circuit 

model for PV solar cell. 
 

 
 

Figure 2. Equivalent Circuit diagram of the PV model [9] 
 

There are various methods to model PV solar cell. The 

powerful and popular simulation platform to perform PV 

modeling work is by using MATLAB - Simulink [6].  

All the parameters of PV module can be determined     

by examining the datasheet of the manufacture. The 

mathematical equations of PV module are presented as 

the following [7]: 
 
 

The photo-current (Iph) equation of the PV module is: 
 

 
 

Where; Ish is the solar cells short-circuit current (A) at 

standard test conditions (STC), Ki is the solar cell’s short 

current temperature coefficient (A/ºC) and G is the solar 

irradiance level (W/m
2).  

  

The reverse saturation current (Irs) equation of PV 

module is: 

 

 
 

Where; k is the Boltzman’s constant (1.38x10
-23

 J/K), Voc 

is the open circuit voltage (V), Ns is the number of series 

solar cells in each PV module, A is ideal factor, T is 

temperature in (K) and q is electron charge (1.6x10
-19 C). 

 

The saturation current (I0) equation of PV module is: 
 

 
Where; Tr is the reference temperature (25 ºC) and Eg is 

the band gap of silicon material (1.1ev).  

The output current (Ipv) equation of this PV module is: 
 

 
 

Where; Np is the number of parallel solar cells in each 

PV module, Vpv is the output voltage of PV module (V); 

Ipv is the output current of PV module (A), Rs is the 

series resistance of solar cells and Rsh is the shunt 

resistance of solar cells. Because of (Rsh>> Rs), So Rsh 

branch will be neglected. 
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II.2   DC-DC Boost Converter Model  
 

DC-DC boost converter is used to regulate the output   

dc voltage of PV panels by stepping it up or down. The 

regulation is normally achieved by PWM and the 

switching device is normally MOSFET or IGBT. Fig.3 

shows the configuration of the dc-dc boost converter 

connected with PV panel. MPPT is achieved when the 

controller algorithm changes and adjusts the duty cycle 

value (D) of PWM unit that used to generate pulses for 

the switching device (IGBT) of dc-dc boost converter to 

control dc voltage of PV panels [14]. 
 

 
Figure 3. PV panel connected with dc-dc boost converter [14]. 

 
 

III. TYPES of MPPT CONTROL METHOD  
  

    III.1 Conductance and Regulator Control Method 
 

The conventional method for controlling MPPT of      

PV system is called the incremental conductance and 

integral regulator (CR). The CR control algorithm is the 

perturbation on the desired maximum power point      

that is generated by PV as shown by the following 

relations [10]: 
 

 
 

 

The disadvantage of using CR method is the continuous 

perturbation even after reaching the maximum point.   

CR technique generates the required direct duty cycle 

values (D) to produce the desired output. The advantage 

of generating D is improving overshoot and steady state 

error of the output. However, it is hard to get the desired 

value of D [11]. When the power and the voltage of PV 

are increasing, the perturbation will be increased by a 

step size ΔD to be added to the duty cycle value D to 

generate next cycle of perturbation and to force the 

operating point movement towards MPP. The inputs     

of CR technique are the generated current and voltage   

of PV panels, where the output of CR is the generated D. 

The generated value of D is used as an input for PWM 

unit. This PWM unit is used to generate accurate    

pulses required for switching device (IGBT) of dc-dc 

boost converter. Finally, the dc-dc boost converter      

can control MPPT of PV panels [11]. There are some 

research works for upgrading CR technique such as     

the peak current control. These works aims to accelerate   

the system response, to reduce the amplitude of power 

oscillations around the maximum power point and to 

produce lower power losses [12]. 

 

III.2   Fuzzy Logic Control Method 
 

Artificial intelligence is a new trend to improve MPPT 

operation of PV. Fuzzy logic control (FLC) is one          

of these artificial intelligence controls. FLC uses two 

inputs are the error (E) and the change in error (CE) at a 

sample time (k). E and CE are defined by the Equations 

(5, 6). The output of FLC generates the direct duty cycle 

value (D). MPPT is achieved when FLC adjusts D value 

of PWM unit to generate accurate pulses for switching 

device (IGBT) of dc-dc boost converter [13-15]. 
 

 
 

FLC is divided into four categories, which include 

fuzzification, inference, rule based and defuzzification as 

shown in Fig.4. During the fuzzification block, any 

numerical input variables are converted to linguistic 

variables based on the membership functions [3]. 
 

 
 

Figure 4. Block diagram of FLC method [5]. 
 

After E and CE are calculated, these inputs are converted 

into linguistic variable, then by looking up in the rule 

base table of FLC that is used to track MPP of PV.it is 

easy now to find the required rule where all the rules are 

based on this relation “If X and Y, Then Z” [4]. To 

determine the output of FLC, the inference block is used. 
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There are many methods for inference but the popular 

one is called Mamdani. The output of FLC is converted 

back to numerical variable from linguistic variable 

during defuzzification block. The most common method 

used for this defuzzification is called centroid. Centroid 

method has good averaging properties and more accurate 

results [5]. There are five proposed linguistic variables 

for making FLC rules that used to determine MPPT      

of PV panels. These variables are called as follow: N 

(Negative), ZE (Zero), PS (Positive small), P (Positive), 

and PB (Positive big). Fig.5 shows FLC membership 

functions for changing of the output power (ΔP), 

changing of the output voltage (ΔV) from the PV panels 

and the generated value of duty cycle (ΔD). 
  

 
Figure 5. FLC Membership Functions for (a) ΔP, 

(b) ΔV and (c) ΔD. 
 

After ΔP and ΔV are calculated, they are converted    

into linguistic variables to use them as input inside FLC. 

The output is ΔD that is generated by using inference 

block and FLC rules as shown in Table I. Finally; the 

defuzzification block operates to convert the generated 

value of ΔD from linguistic variable to numerical 

variable again to be used inside PWM unit to be able to 

generate the input signal for (IGBT) switch of dc-dc 

boost converter that will find the accurate MPPT of PV. 
 

 

Table I. FLC Rules for producing MPPT of PV panels [14]. 
 
 

III.3   The proposed combination of CR and FLC  
 

In this paper, a proposed combination between CR and 

FLC methods with dc-dc boost converter for controlling 

MPPT of PV power plant is presented. The output of this 

proposed combination generates maximum value of the 

duty cycle (D). This value of D is used for PWM unit    

to generate input signal for IGBT switch of dc-dc boost 

converter. As a result, dc-dc boost converter can control 

MPPT of PV power plant efficiently.  

 

IV. Simulation Results and Discussions 
 

IV.1   Simulation of 100 KWp PV Array 
 

In this work, the selected PV module is called Sun 

Power (SPR 305W). Its type is monocrystalline PV 

module. Table II shows the detailed parameters of (SPR 

305 W) PV module at Standard Testing Condition 

(STC). These parameters are used to build a PV array by 

using MATLAB-Simulink as shown in Fig.6. The most 

significance parameters are the open-circuit voltage and 

the short-circuit current. The photo current is the short 

circuit current value of PV panels and the open circuit 

voltage is determined by assuming the output current is 

zero. PV panels are categorized to be with good quality 

and high efficiency if its fill factor almost equal one [8]. 
 

 
 

 

Parameter 
 

 

Value 
 

Maximum Power (Pmpp) 305 W 

Maximum Output Voltage (Vmpp) 54.7 V 

Maximum Output Current (Impp) 5.58 A 

Short Circuit Current (Isc) 5.96 A 

Open Circuit Voltage (Voc) 64.2 V 

Temperature Coefficient of  (Voc) - 0.27 %/ºC 

Temperature Coefficient of  (Isc) 0.057 %/ºC 

Temperature Coefficient of  (Pm) - 0.38 %/ºC 

Normal Operation Cell Temperature (NOTC) 46 ºC 

 

Table II. Detailed parameters of SPR (305 W) module at STC 
 

 
Figure 6. PV Array Structure in Matlab-Simulink.  

ΔP\ΔV N ZE PS P PB 

N ZE PS P PB PB 

ZE ZE ZE PS P PB 

PS N ZE ZE PS P 

P N N ZE ZE PS 

PB N N N ZE ZE 
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Fig.7 shows the (I –V) and (P –V) characteristics of the 

simulated PV Array (SPR 305 W; 5 series modules; 66 

parallel strings). As the solar irradiance value increases, 

the maximum output power is increased because of 

increasing the output current generated by this PV array. 
 

 
 

Figure 7. (I –V) & (P –V) curves of 100 KWp PV Array 

 

IV.2   Simulation of Grid Connected PV Plant  
 

The simulated 100 KWp PV array is connected to the   

dc-dc boost converter. This converter is used to regulate 

the output dc power generated by this PV array. The 

regulated dc power from PV side is fed into special type 

of inverters is called “on grid inverter” to convert it from 

dc power to ac power. The output ac voltage is stepped 

up through the power transformer to feed the grid.   

Fig.8 shows a schematic diagram, which summarizes   

the grid connected PV power plant parts. The MPPT of 

this PV plant is controlled by using different control 

schemes. The first one uses CR control method, the 

second uses FLC method and the third uses the 

combination of CR and FLC methods. To evaluate the 

proposed combination technique, comparisons between 

the PV plant response using the combination of CR and 

FLC and using each of them separately are introduced.    

 

 
 

Figure 8. Schematic diagram for grid connected PV plant. 

As shown in Fig. 9, 10, and 11 the responses of the 

output ac power, dc power and dc voltage respectively, 

reveals that the combination of CR and FLC methods 

has better response than using each of them separately. 
 

  
 

Figure 9. Output ac power of PV plant for each control 

 

 
 

Figure 10. Output dc power of PV plant for each control 
 

 

 
 

Figure 11. Output dc voltage of PV plant for each control 
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Figure 12. Solar irradiation curve used in PV plant simulation 

 

 
 

Figure 13. Output ac power of PV plant for each control under 

solar irradiation level changing from 250 to1000 W/m
2 

 

The behavior of the proposed combination method is 

investigated when the solar irradiation level is varied. 

Fig. 12 shows the variation of the solar irradiation level 

used in the PV plant simulation. Fig.13 shows the   

output ac power that generated by the simulated PV 

power plant for each control when varying the solar 

irradiation level. As shown in Fig.13, the uncontrolled 

PV plant response reveals high oscillation and unstable 

performance. Using CR and FLC separately can improve 

the PV plant response, whereas the combined CR-FLC 

method provides the highest generated ac power of the 

PV plant even with low solar irradiation levels. 

 
Another evaluation of the proposed control method is 

presented through a three phase fault applied on ac side 

of the PV power plant for the period from (0.2 – 0.22) 

sec. Fig. 14 shows the response of the PV plant for the 

three phase fault when the PV plant has no control, CR 

control method, FLC method and the combined CR-FLC 

method. It can be shown that the combined CR-FLC 

method provides the maximum generated ac power and 

also, it provides the minimum oscillation amplitude for 

transient periods.  
 

 
 

Figure 14. Output ac power of the PV plant for each control at 

solar irradiation 1000 w/m
2
 and fault at period (0.2 – 0.22) sec 

 

V. CONCLUSION 
 

This paper presents a proposed controller for MPPT      

of grid connected PV systems. This controller consists   

of three parts, which are: the combination between CR         

and FLC, the PWM unit and the dc-dc boost converter. 

The 100 KWP grid connected PV power plant and the 

proposed controller for the MPPT are simulated using 

MATLAB Simulink. The simulation results emphasize 

that the proposed combination used for controlling 

MPPT of this PV plant has the best performance over 

using CR and FLC methods separately. Also for a three 

phase fault condition, the combined CR-FLC method 

provides the maximum generated ac power with more 

stable performance than the other control methods.  
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