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ABSTRACT 

Photovoltaic solar electricity and solar thermal has the highest potential of all the renewable energies, 

since solar energy is a practically unlimited resource and available everywhere. These days 

photovoltaic energy has the potential to play an important role in the transition towards a sustainable 

energy supply system, to cover a significant share of the electricity needs, and is expected to be one of 

the key energy technologies of this century. This paper presents a grid-connected photovoltaic (PV) 

system with the functionality of on-line Maximum Power Point Tracking (MPPT) at different 

irradiation and temperatures. The used Simulation data characteristics for climatic changes is similarly 

to the real Egyptian climatic data. The integration topology based on two-stage power conditioning 

modules, boost converter and three phase voltage source inverter. Therefore, the proposed MPPT 

algorithm implemented to the boost converter to enable PV arrays to operate at maximum power point 

during variable climate and irradiation conditions. Fuzzy logic algorithm (MPPT) technique control 

applied for on-line adapting the boost converter’s duty cycle. The Boost output is feeding the two 

level PWM inverter DC link. Accordingly, the Inverter modulation depth is tuning to have constant 

AC voltage and frequency for grid integration requirements. In addition, the three-phase output 

current is in phase with the voltage to optimize the PV power utilization .The results show that 

proposed on-line fuzzy algorithm performance has a fast response, stable and reliable to have MPP for 

the PV system during the different irradiation. 

َظشا لأٌ انطاقت انشًسيت يخادت  انًخجذدة،انجذيذة ٔ انطاقاثيصادس أكبش يٍ  انذشاسيت بيت يُٓا أسٕاء انكٓش انشًسيتحؼخبش انطاقت 

انخذٕل  في ْايا دٔسا الاياو انضٕئيت ْزِ حهؼب انطاقت انكٓشبيت انًٕنذة يٍ انخلايأيذذٔدة  ػًهيا في كم الأياكٍ ٔبطاقت اَخاجيت غيش

ْي أدذ  حكٌٕ اٌ انًخٕقغ ٔيٍ انكٓشبيت يٍ انطاقت ٔانًخجذدة بُسبت بهيغت في حهبيت الادخياجاثيساًْت انطاقاث انجذيذة  في احجاِ صيادة

بانشبكت انكٓشبيت بخاصيت حخبغ يخٕاصم نهخشغيم ػُذ  َظاو خلايا ضٕئيت يخصهت انٕسقت ْزِ ٔحقذو. انقشٌ ْزا في انشئيسيت انطاقاث

اسخخذو حغيشاث يُاخيت انضٕئي ٔدسجت دشاسة ٔقذ حًج انًذاكاة بانخغيش في شذة الإشؼاع  سغى (MPPT) أقصى َقطت حشغيم

 نهخلايا انضٕئيت بانشبكت انكٓشبيت في انُظاو انًقخشح ػهى ٔحًج ػًهيت انذيج. نًصش انًُاخيت انذقيقيت يشابّٓ نًُذُي انخغيش نهبياَاث

 يصذس بانخٕاني يغ ػاكس ثلاثي الأٔجّ يٍ َٕع Boost converterيٍ َٕع انشافغ حياس يسخًشيخخانيخيٍ ًْٔا يذٕل  يشدهخيٍ

 َظاو انخذكى انًقخشح نهخشغيم نخخبغ أقصى َقطت حشغيم يؼخًذ ػهى حطبيقرٔ يسخٕييٍ. Voltage source inverter   انكٓشبي انجٓذ

ؼاكس ثلاثي الأٔجّ انخؼذيم نه قنخغيش دٔسة ػًم يذٕل انخياس انًسخًش ٔبانخاني ضبط ػً Fuzzy logicحقُيت انًُطق انخٕاسصيي 

. يضاف اني رنك نهذصٕل ػهي خشج جٓذ حياس يخغيش ثلاثي الأٔجّ ثابج انقيًت ٔانخشدد نيخًشى يغ يخطهباث انشبط بانشبكت انكٓشبيت

 انُخائج حظٓشاٌ حياس انخشج ثلاثي الأٔجّ يكٌٕ في َفس انطٕس يغ انجٓذ يًا يخيخ انذصٕل ػهي أقصي قذسة يٍ انخلايا انضٕئيت. 

ٔالاسخقشاس ٔكزنك الاػخًاديت نخبغ حشغيم َظى انخلايا انضٕئيت ػُذ أقصي َقطت  بسشػت الاسخجابت يخًيض أداء انُظاو انًقخشح نهخذكىاٌ 

  شذة إشؼاع ضٕئي يخغيش.ػُذ 

 Keywords:  PV array, Maximum power point, DC/DC boost converter, Voltage source inverter. 

 

1. INTRODUCTION 

 

Distributed The growing energy demand coupled 

with the possibility of reduced supply of 

conventional fuels, along with growing concerns 

about environmental preservation, has driven 

research and development of alternative energy 

sources that are cleaner, renewable and produce little  

environmental impact [1]. Among the alternative 

resources, the electrical energy from PV currently 

being regarded as the natural energy source 

distributed over the earth and participates as a 

primary factor of all other processes of energy 

production on earth.  Moreover, although the 

phenomena of reflection and absorption of sunlight 

by the atmosphere, it is estimated that solar  

Energy incident on the surface of earth is of the order 

of ten thousand times greater than the world energy  
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Consumption [2]. In this context, the concept of 

distributed energy generation, became a real and 

present technical possibility, promotion various 

researches and standardizations in the world. Despite 

all the advantages presented by the generation of 

energy through the use of PV’s, the efficiency of 

energy conversion is currently low and the initial 

cost for its implementation is still considered high, 

and thus it becomes necessary to use techniques to 

extract the maximum power from these panels, to 

achieve maximum efficiency in operation. It is noted 

that is only one point of maximum power (MPP) and 

this varies according to climatic conditions. The 

photovoltaic power characteristics is nonlinear, 

which vary with the level of solar irradiation and 

temperature, which make the extraction of maximum 

power a complex task, considering load variations. 

To overcome this problem, several methods for 

extracting the maximum power is been proposed in 

literature [3-4], and a careful comparison of these 

methods can result in important information for the 

design of these systems. There are a lot of techniques 

are used for MPPT such as Fixed Duty Cycle, 

Constant Voltage, Perturb and Observe (P&O) and 

Modified P&O, Incremental Conductance (IC) and 

Modified IC, Ripple Correlation and System 

Oscillation methods, which are briefly described in 

this section [5-6].  

This paper, target is to have an on-line efficient 

optimization (MPPT) algorithm using fuzzy logic 

technique. In the studied power system PV, 

integration to grid has done using two stages; the PV 

array output connected to DC-DC converter followed 

by two level voltage source VSPWM inverter to the 

grid. Maximum power point tracking (MPPT) 

techniques is used to control the DC converter to 

extract maximum output power from under a given 

weather condition. The DC converter is on-line 

continuously controlled to have the maximum power 

point operation for the PV array in despite of the 

possible changes either on the climate condition 

and/or in the load impedance.  To achieve this 

paper’s target; the paper organized in the following 

sequences|: 

 Modeling of PV - grid connected system 

with MPPT techniques facility using MATLAB.  

 Simulation of PV–gird system during 

weather variation represented by an actual daily solar 

irradiation curve.  

 Dynamic response of the algorithm 

characterized by driving the PV system into its 

MPP’s operation while ensuring that the injected 

current remains in phase with the grid voltage to 

achieve a unity power factor. 

 Investigate the interactions between the PV 

system outputs and the grid. 

 

2. MODELING OF THE PV-GRID CONNECTED 

SYSTEM:  

 

Power system under study single line diagram illustrated 

in Fig. 1. It consists of 22 kV-interconnected network. 

The studied PV array is poly crystalline silicon each cell 

power maximum of 56W and consists of 36 series cells 

per module with an open circuit 20.8V, 16 series 

connected modules and 123 parallel with total maximum 

power rating of 100 kW connected to the grid and to each 

other’s. The PV arrays interconnected to the grid through 

DC/DC boost converter and DC/AC three-phase two-

level inverter. After inversion, the arrays interfaced to the 

grid through a transformer 220V /22 kV of rated 125 

kVA. A local load of active power of 50 kW has 

connected to the grid integration bus at PV point of 

common coupling. 

 

 
Fig.1: Studied PV grid connected single line diagram 

  

2.1 PV Array: 

The equivalent circuit model of a PV cell is been needed 

to simulate its real behavior using the physics of p-n 

junctions; a cell can be modeled as a DC current source 

in parallel with diode that represents the most effective 

current escaping due to diffusion and charge 

recombination mechanisms. Two resistances, series and 

shunt are included to m represent the contact resistances 

and the internal PV cell resistance respectively. These 

two resistance values are been usually obtained from 

measurements or applying the curve fitting technique 

based on the cell I-V characteristic [7]. The equivalent 

circuit model of a PV cell is essential to simulate its real 

behavior using the physics of p-n junctions. A cell can 

being modeled as a DC current source in parallel with 

diode that represents the most effective current escaping 

due to diffusion and charge recombination mechanisms. 

Two resistances, Rs and Rp are included to represent the 

contact resistances and the internal PV cell resistance 

respectively. These two resistance values are identifying 

from measurements or applying the curve fitting 

technique based on cell I-V characteristic. Current source 

Iph represents PV cell current. The relationship between 

PV’s output current and terminal voltage is given by [8]:  
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Where; A is the diode ideality factor, k is the Boltzmann 

constant (1.3806503 × 10
−23

 J/K), T is the cell 

temperature in Kelvin, q is the electron charge 

(1.60217646 × 10
−19

 C), Irs is the reverse saturation 

currents of the diode, respectively. PV cells normally 

grouped in larger units called PV modules, which are 

interconnects in a parallel-series configuration to form 

PV arrays or PV generators. Assuming high value of Rp 

then for an array with Ns series and Np parallel-connected 

cells, the array current related to the array voltage as: 
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Where; Irs is the cell reverse saturation current at 

temperature T, while Tr is the cell reference temperature, 

Irris the reverse saturation current at Tr and EG is the band 

gap energy of the semiconductor used in the cell. The 

photo current Iph depends on the cell’s temperature and 

radiation as follows: 

 

    [              ]
 

   
           (4) 

 

Where; ISCR is the cell short circuit current at reference 

temperature and radiation, ki is the short circuit current 

temperature coefficient and S is the solar radiation in 

mW/cm
2
.  

 

A grid-connected PV solar system is to transfer the 

maximum power obtained from the PV panel into the 

grid independently of the climatic conditions. Therefore, 

the use of an appropriate electronic interface with 

maximum power point tracking (MPPT) capabilities is 

required. The output power of the PV cell has a nonlinear 

function with irradiance and temperature. Therefore, the 

power of the PV array changes continuously and 

consequently the PV operating point must change to 

maximize the energy produced by adjusting array voltage 

to its calculated maximum value at certain irradiation and 

temperature. Figure 2 shows the used power- voltage 

characteristics of the used PV array at different real 

climate Egyptian conditions and the target maximum 

power points for the proposed control system. 

 

 
(a) 

 
(b) 

Fig.2: PV model characteristics at Different; a) radiation & b) 

temperature 

 

2.2. Boost Chopper:  

A buck boost converter is a power converter with an 

output DC voltage greater or less than its input DC 

voltage depending on its duty cycle (d). By implementing 

the PWM technique on the buck boost converter, a stable 

output voltage from a non-stable input voltage obtained 

by changing the duty cycle (d) of the switched input 

pulse. The buck boost converter with a switching period 

(Ts), and on-period of (Ton)the relationship between 

output Vo and Vin voltage is governed by [9]; 

 
  

  
 

 

   
 ;        (5) Where;    

   

  
            (6) 

After determining the value for VMPP, the DC/DC buck 

boost converter being switched to quickly force the array 

terminal voltage to its MPP. As illustrated in Fig. (3), the 

difference between MPP fraction voltage and the array 

output represents the error of the PI controller. This PI 

controller regulates the PV array voltage by continuously 

switching on and off for the IGBTs at high frequency 

according to the varying duty cycle. The fast switching 

action of the boost converter decouples the dynamics of 

the PV array due its changes in voltage or current from 

that of the DC link capacitor, which offers good 

performance under changing weather conditions. The 

other advantage of using the boost converter is to increase 
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the array voltage to higher levels suitable for grid 

interconnection.  

 
Fig. 3: Boost DC-DC converter 

 

2.3. Three -Phase Voltage Source PWM Inverter: 

Among various modulation techniques for MMI, PWM 

is an attractive candidate due to efficient DC link voltage 

utilization, reducing commutation losses and total 

harmonic distortion THD. The proposed inverter is a 

three-phase, two-level DC/AC inverter using IGBTs due 

to their lower switching losses. Depending on the gating 

signals, the output terminal voltage is either equal to 

capacitor voltage or zero, and expressed by [10]:  

                            (7) 

Where; Vinv, N, and Vcap are terminal voltage, gating 

signal and capacitor voltage, respectively. N takes the 

value of either one or zero. In the two-level inverter, the 

switching of the upper and lower IGBT generates the 

output voltages with positive and negative levels (+Vdc 

and -Vdc). The inverter connected to the network at the 

PCC through the equivalent inductance and resistance, 

which represent the impedance of the coupling 

transformer. The magnetizing inductance of the step-up 

transformer taken into consideration through a mutual 

equivalent inductance. The aim of the control strategy is 

to regulate the current output from the inverter to follow a 

specified reference value. This was been achieved by 

transforming the three phase output currents of the 

inverter to the rotating reference frame (dq0). The 

relation between the DC side voltage Vdc and the 

generated AC voltage Vinv described through the matrix 

in the dq-frame Sav, dq, as given by: 

[
      

      
]                          (8)  

Where;                                 (9)  

Where mi is the inverter modulation index. A phase 

locked loop was been used to lock on the grid frequency 

in such a way that Vq was set to zero [11]. If the grid 

voltage is relatively constant, Id and Iq can be used to 

control real and reactive power injections from the PV 

array. In order to inject real power from the inverter, Id 

was controlled using PI controller to follow a specified 

reference signal Id_REF, reactive power injection was set to 

zero and thus Iq = 0, as displayed in Fig.2. The Id_REF was 

been extracted from the DC link capacitor. A constant 

DC voltage across the capacitor means that the power 

that goes into it from the PV array matches the power 

going out to the inverter [12]. As previously mentioned, 

the input power Pinto the capacitor controlled to be the 

MPP of the PV array output power by the DC-DC 

converter. The PI controller used to extract Id_REF from the 

error mismatch between Pin and Pout according to the 

following relation: 

        
 

  

(           )    ∫    

             
         (10) 

Where; KP and KI are the proportional and integral 

controller constant, respectively and Vd is the direct 

component of the voltage at PCC. The output of the PI-

Controller is Modulation index m, which feeds to PWM 

switching circuit. 

 

3. PROPOSED CONTROL TOPOLOGY 

 

This section describe two main parts the proposed 

global PV MPPT control scheme philosophy and 

secondly the proposed fuzzy logic algorithm to apply 

the MPPT concept. As shown in Figure (4), the block 

diagram of the global MPPT concept. A photovoltaic 

array used to convert sunlight into DC current. The 

output of the array connected to a boost DC 

converter that used to perform MPPT functions and 

increase the array terminal voltage to a higher value 

so it interfaced to the grid at 22 kV. The DC 

converter controller used to perform these two 

functions. A DC link capacitor used after the DC 

converter and acts as a temporary power storage 

device to provide the voltage source inverter with a 

steady flow of power. The capacitor’s voltage 

regulated using a DC link controller that balances 

input and output powers of the capacitor. The voltage 

source inverter is controlled in the rotating dq frame 

is to inject a controllable three phase AC current into 

the grid. To have unity power factor operation; 

current is injected in phase with the grid voltage. A 

phase locked loop (PLL) is used to lock on the grid 

frequency and provide a stable reference 

synchronization signal for the inverter control 

system, which works to minimize the error between 

the actual injected current and the reference current 

obtained from the DC link controller. A load 

connected to the grid to simulate some of the loads 

that are been connected to a distribution system 

network.  

http://upload.wikimedia.org/wikipedia/commons/3/39/Boost_conventions.svg
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Fig. 4:  PV grid connected control block diagram 

 

3.1 Proposed MPPT Fuzzy Algorithm: 

There are for Fuzzy logic MPPT’s algorithm has 

three sequential stages; fuzzification, rule based on 

the look-up table and finally the defuzzification. 

During fuzzification process, control variable are 

been converted from a numerical value to a linguistic 

representation [13].  In this paper, Mamadani fuzzy 

type used as shown in Fig. (5.a) with two inputs. 

These inputs are the error between the actual PV 

power and the maximum reference power cross 

ponding to the synchronized irradiation and the 

change of this error. The fuzzy controller output is 

the DC boost duty cycle. The fuzzy surface to show 

the ranges and the relation between the inputs and the 

output memberships illustrated in Fig. (5.b). Twenty-

one rules between the inputs to achieve the requested 

output target. This target is to minimize the error and 

the rate of error to zero to achieve the tracking for 

PV power equal to the MPP.  

 

 
(a) 

 
(b) 

Fig.5: Fuzzy logic MPPT controller, a) Main structure, b) surface 

 

 

4. SIMULATION RESULTS: 

 

Studied power system for PV grid connected system 

at a daily irradiation and temperature of 25˚C using 

MATLAB /Simulink program simulated in this part 

to verify the dynamic and steady state response of the 

proposed fuzzy MPPT control system. In besides that 

monitoring of the DC and AC voltages and currents 

in the PV array and the associated power 

conditioning system. Figure (6.a) present the 

irradiation data which is typically get from the Arab 

Organization for Industrialization (AOI) Cairo 

irradiation records on summer 2011 at temperature of 

25˚C to verify the performance at Cairo irradiation 

conditions[14]. Fig.(6.b) shows that the PV output 

after applying the proposed control to have MPPT is 

so closely and equal to the target calculated 

maximum power from the (Power /voltage) curve of 

the PV array at the different solar irradiation which 

already shown in Fig.(2.a). While Fig. (6.c) 

illustrates the PV array dc voltage changes during the 

different conditions of radiation.   The DC-DC Boost 

converter performance illustrated in Figure (7).  The 

duty cycle behavior is shown in Fig.(7.a) , it is 

changes to increase the Boost output voltage during 

the decreasing of the irradiation and its values ranged 

from 0.45 to o.6 . While Fig. (7.b) present the output 

Vdc with its reference values, it shows that the Vdc 

is follow the Vdc reference values that validate the 

proposed control technique. The second stage of 

voltage conditioning unit, three- phase voltage source 

inverter using pulse width modulation parameters 

have shown in Fig. (8). In Fig. (8.a) the modulation 

depth performances illustrated while the output three 

phase Voltage and current have shown in Fig. (8.b 

&8. c) respectively. It shows that the modulation 

depth is dynamically interacted with fast response to 

have a constant AC voltage output, which is essential 

for PV grid synchronizing. In addition, the three 

phase injected current is in phase with output voltage 

to have maximum utilization from the PV system. 

The three power components, load power, PV output 

and grid power sharing at the point of common 

coupling at the grid Bus in presented at Figure (9). 

As shown, the load power is constant while the way 

of supplying this load changed depending on the PV 

system output. When the irradiation is high; the PV 

power is greater than the load and the extra power is 

supplied to the grid. While if the irradiation 

decreased, and the PV output power is less than the 

load, in this case the load is complimentary supplied 

from both and the PV. 
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(a) 

 

 
(b) 

 

 
 

 
(C) 

Fig.6: irradiation and PV array output; a) irradiation, b) PV 

power and C) PV voltage. 

 
 

 
(a) 

 

 
(b) 

Fig.7:   DC-DC Boost performance; a) Duty cycle, b) Vdc 
and Vdc reference 
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(a) 

 
(b) 

 
(c) 

Fig.8:  Three- Phase VSI Inverter; a) modulation depth, b) 

PCC AC Volt. and c)  PCC AC current 

 

 
Fig.9: Power components at grid Bus. 

 

 

 

 

5. CONCLUSIONS: 

 

Modelling of grid connected photovoltaic system 

elements with two sequential stages of power 

electronic modules, DC-DC boost converter and 

three -phase two level voltage source PWM inverter 

had presented. Design of on-line control system to 

have Maximum power point tracking from the PV 

array using Fuzzy Logic Controller algorithms was 

been introduced.  The results show that the proposed 

on-line fuzzy logic controller of the MPP offers 

clearly short settling time, accurate tracking the 

reference voltage during all the weather conditions. 

In addition, the proposed MPPT control algorithm 

performance is stable, fast, reliable and adaptive for 

implementation of PV micro grids and high voltage 

grid integration.  
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