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ABSTRACT:  

In this paper represents the modeling and 

simulation of the solar photo-voltaic (PV) array 

power generator. As the solar photo-voltaic 

system used the solar energy that is the renewable 

energies for the electric power generation. The 

DC voltage generated by photovoltaic system is 

boosted by the DC to DC boost converter. The 

maximum power point tracking (MPPT) technique 

is applied for operating the photovoltaic array at 

the maximum power point. The Perturb and 
Observe (P&O) technique controls the duty ratio 

of boost converter for varying the load according 

to the maximum power point tracking. 

Keywords:  Modeling, Photo-voltaic Cell, 

MPPT, DC to DC Boost Converter. 

 

I. INTRODUCTION 

Today, environmental safety has become 

an important aspects for people and many 

industries in the world. There are many 

energy sources such as solar photo-voltaic 

system, wind turbine, and energy storage 

system used for generation of electricity. 

Solar cells are used in various field of 

application such as residential and 

industrial uses. DC power transmissions 

are more effective than AC power 

transmission because of losses and 

efficiency [1]. Generally photo-voltaic 

power generations are more useful in the 

world than other power system. In order 

to obtain maximum power tracking, 

Perturb and Observe algorithm is used [2]. 

The continuous increase in the electrical 

power with the clean environment needs 

the distributed renewable energy 

production. The increasing energy 

consumption may overload the 

distribution solar photovoltaic grid as well 

as power station and may cause the 

negative impact on power availability, 

quality and security. The only solution to 

overcome this problem is integrating the 

utility grid with the renewable energy 

systems like solar photovoltaic, hydro or 

wind energy. The smart solar dc grid can 

be connected to the renewable energy 

system as per the availability of 

renewable energy sources. Recently the 

solar photovoltaic power generation 

systems are getting more attention 

because solar photovoltaic energy is 

plentifully available, more efficient and 

more environment friendly as compared 

to the conventional power generation 

systems such as fossil fuel, nuclear or 

coal. [3]. An efficient dc-dc boost 

converter is used for maximum power 

tracking, incremental conductance 

technique are used [4]. Photo-voltaic 

array is a non linear characteristics which 

is a fusion of temperature and irradiance. 

Maximum power tracking regulators are 

used to extract the maximum power from 

solar array by imposing impedance 

condition that correspond to the solar 

array maximum power point. Distributed 

generation (DG) units such as 

photovoltaic (PV) architectures provide 

several benefits compared with the central 

inverter systems, Including higher system 

availability, design flexibility, higher 

energy yield, and improved monitoring 

and diagnostic capabilities. For medium- 

to large-scale commercial and utility 

photovoltaic (PV) systems, a 

string/multistring DC-DC boost converter 

topology with distributed maximum peak 

power tracking (MPPT), provides the best 
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cost/performance operating point [5]. 

However, the implementation of such 

distributed system requires high-

efficiency, high-performance dc–dc 

converters. Because of the high-efficiency 

requirements, partial power processing 

converters are often used as a simple way 

to improve the overall conversion 

efficiency by directly feeding forward a 

fraction of the input photovoltaic array 

power to the output DC-bus [6]. 

Moreover, as the supplies of fossil fuels 

are depleted in the future, they will 

become increasingly expensive. Thus, 

photovoltaic power is becoming more 

important since it produces less the 

environmental pollution and cost of fossil 

fuel energy is rising, while the cost of 

photovoltaic arrays is decreasing. In 

particular, small-capacity power 

distributed generation systems using 

photovoltaic energy may be widely used 

in residential and commercial applications 

in the near future. A dc–dc power 

converter is used in a small-capacity PV 

array power generation system to boost up 

the output voltage, so it can match the dc 

bus voltage of the inverter. The power 

conversion efficiency of the power 

conversion interface is important to insure 

that there is no waste of the energy 

generated by the photovoltaic array [3], 

[7]. The extensive use of fossil fuels, coal 

or nuclear have resulted in the global 

problem of greenhouse emissions [9]. 

 

II. SOLAR CELL MODELING  

 

A Simulink model of a photovoltaic cell 

in fig. which is then simulated to build a 

PV array model in Simulink [4]. To 

obtain the desired high power solar cells 

are connected in parallel and series. The 

group of these PV cells is known PV 

module and group of PV modules is 

known PV array. 

The mathematical modeling of 

photovoltaic array can be described as: 

                                                    

  (1) 

 

According to the following equation the 

diode reverse saturation current  varies 

with temperature. 

 

(2) 

 

 

 

 

  

 

Fig.1. Simple equivalent Circuit of a 

PV Cell. 

 

The energy gap Eg of semiconductor 

depend on the temperature is given as: 

(3) 

 

The photon generated current Iph depends 

on temperature and 

 

Radiation of sunlight as follows, 

 

                                                     (4) 

 

The photovoltaic electric power can be 

given by following 

 

Expression: 

 

                                                         (5) 

 

III. PHOTOVOLTAIC MODULE  

 

A. Photovoltaic Module Characteristics  

 

The solar photo-voltaic array is chosen for 

a Matlab/Simulink, module, the solar 

photo-voltaic array consists of 20 series 

connected modules per string and 6 

parallel strings. These are 36 photovoltaic 

cells per module and provides 13.3KW of 

normal maximum power. Solar 

temperature and irradiation plays an 

important role for predicting the behavior 

of PV array. The solar temperature affects 

the terminal voltage and the irradiation 
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affects the output [8]. 

 

Table 1. Electrical characteristics of the 

solar photo-voltaic at 25
0
C and 

1000W/m
2
 

 

 

 

 

 

 

 

 

B.  Photovoltaic Module Simulation 

 

Fig.2 shows the modeling circuit of 

PV module by Matlab/Simulink.The 

solar photo-voltaic array is simulated 

by using the equation (1),(2),(3),(4), 

and (5).Temperature and Irradiance 

are the input of the solar photo-

voltaic system. There are three 

remarkable points in the P-V 

characteristic Voc =710 V, Isc =20 

A, and maximum power 13.3kW at 

irradiation 1000W/m
2
 and 

temperature 25
0
c. 

 

 

 

 

 

 

Fig.2. Simulation of solar photovoltaic 

array. 

 

The P-V characteristic of Solar photo-

voltaic array at 1000W/m
2
 irradiation and 

25
0
C temperature is shown in fig.3 The 

Y-axis is denoted as electrical power and 

X-axis as voltage of PV array. The 

maximum power trace from PV array is 

about 13.3kW and open circuit voltage 

710V. 

 

 

 

 

 

 

 

 

 

 

              

 

  

 Fig.3.P-V characteristic at 25
0
C 

temperature and 1000W/m
2
 irradiance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4.P-V characteristic at 25
0
C 

temperature and 500W/m
2
 irradiance 

 

 

 

 

 

 

 

 

Fig.5.V-I characteristic at 25
0
C 

temperature and 1000W/m
2
 irradiance. 
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Fig.6.V-I Characteristic at 25
0
C 

temperature and 500W/m
2
 irradiance. 

 

IV. BOOST CONVERTER 

 

A. Boost Converter Design 

 

In this boost converter a large 

inductor L in series with source 

voltage Vs is essential as show in 

fig.7. When the switch SW is ON, 

the close current path is as shown in 

fig.8.and inductor L stores energy 

during Ton period. When switch 

SW is OFF as the inductor current 

cannot die down instantaneously, 

this current forced to flow through 

the diode and load for a time Toff 

shown in fig.9.The main parts of dc-

dc boost converter is inductor, 

switch, diode, capacitor, and 

resistor. In this boost converter two 

capacitors are uses. One of this used 

for filtering solar photo-voltaic 

output another is filtering the output 

of dc-dc boost converter that are 

shown in fig.7. 

 

 

 

 

Fig.7.Circuit diagram of boost converter. 

 

 

 

 

Fig.8. Mode one of the Boost converter 

when switch is on. 

 

 

 

 

Fig.9.Mode two of the Boost converter 

when switch is off. 

The charging mode of operation; is begins 

when the switch (SW) is closed the 

inductor L is stores energy during Ton 

period as shown in Fig.9. During this mode 

current through inductor L would increase 

as shown in waveform. The discharging 

mode of operation; begins when the switch 

(SW) is open the current through inductor 

L would falls during Toff period. The 

current would now flow through the 

inductor, diode capacitor, and resistance 

load. For next half cycle again the switch 

SW is turned Ton, The energy stored by the 

inductor L is transferred to the load side. 

Therefore input voltage (Vin) is smaller 

than the output voltage (Vout) [12], [13]. 

The variation of all parameters such that 

input voltage, input current, output voltage, 

and output current are sketched that is 

shown in fig.10. The inductor current 

decreases until the switch SW is closed. 

The energy stored by the inductor L is 

transferred to the load side. Therefore input 

voltage (Vin) is smaller than the output 

voltage (Vout) from the equation 6. 

 

 (6) 

Where: 

 = output voltage 

 

= input voltage and 
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D = duty cycle 

 

It is seen from equation (6) that output 

voltage across the load can be high by 

increasing duty cycle [12]. 

 

 

 

 

 

 

 

 

 

Fig.10. Output voltage and current of 

boost converter. 

 

B. Boost Converter Simulation 

 

The detailed boost converter Simulation 

model is shown in 

 

fig.11. and the simulation results converter 

for PWM frequency og 100 KHz, duty 

cycle D= .5, L+10mH, 

 

C=812µF, and R=50Ω shown in fig.12. 

 

 

 

 

 

 

 

 

 

 

 

Fig.11. Boost Converter Simulation. 

 

 

 

 

 

 

 

 

 

Fig.12. Simulation Results for VL, IL, 

PWM, and Vout. 

V. MAXIMUM POWER POINT 

TRACKING  

 

Due to the non-linear I-V 

characteristics of a solar cell their 

power output varies greatly depending 

on the voltage in which it is operating 

at. This can be seen in Fig.14, which 

also shows the maximum power point 

occurring at the knee of the current 

curve. In order to fully utilize any solar 

system, the voltage across the solar 

panel terminals needs to be monitored 

and controlled in such a way that it is 

always at the maximum power point 

voltage. The two most commonly used 

and studied control algorithms for 

maximum power point tracking 

(MPPT) are the Perturb and Observe 

(P&O) and the Incremental 

Conductance (IC) methods [3], [5]. 

The P&O method calculates the 

current output power of the solar panel. 

From this it “perturbs” the terminal 

voltage of the solar panel by 

incrementing or decrementing it and 

compares the new calculated output 

power to the previously calculated one. 

If the new value is larger, then the 

terminal voltage continues in the 

direction it was incremented or 

decremented. The algorithm is 

operated in this fashion until the 

maximum power point (MPP) is 

achieved. However, the drawback to 

this method is that once the MPP is 

reached it continues to oscillate around 
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this point. An attempt to fix this is to 

make the voltage perturbation smaller 

but this results in slower response to 

rapidly changing atmospheric 

conditions. The IC method was created 

in order to provide a better alternative 

to the P&O and ICM method. The 

basic concept of how the IC algorithm 

finds the MPP is based on the slope of 

the power curve for a solar cell. At the 

MPP the slope of the power curve is 

zero, to the left of the MPP the slope is 

positive, and to the right of the MPP 

the slope is negative. By sampling the 

current and voltage of the solar cell 

and computing the incremental and 

instantaneous conductance’s the MPP 

voltage can be determined. A detailed 

flowchart explaining the operation of 

the P&O algorithm step by step is 

shown in Figure 14. 

 

VI. PERTURB AND OBSERVE 

ALGORITHM AND SIMULATION 

 

In this algorithm a Perturb and Observe 

control method is presented to the 

arrangement and due to this perturbation 

the voltage and power of the photovoltaic 

array variations. If the growths in the power 

due to the Perturb and Observe control 

method then the perturbation is continued 

in same direction. After the maximum 

power point is touched then the power at 

the next instant reduces hence after that 

situation the perturbation become 

opposites. When the steady state condition 

is touched the P&O technique oscillates 

around the maximum power point (MPP) 

[11]. Due to the electrical power variation 

low the size of perturbation is kept smaller 

that is shown in fig.13. 

 

 

 

 

 

Fig.13. perturb and observe algorithm. 

 

Fig.14. shows the flow chart of the Perturb 

and Observe (P&O) control method 

algorithm. The P&O algorithm delivers the 

value of voltage and current from the solar 

photo-voltaic array. The product of voltage 

and current is the power of solar photo-

voltaic array [10]. The worth of solar 

photo-voltaic module voltage and power at 

kth instant are kept. Again the solar photo-

voltaic power is calculated at next value 

(k+1)th instant from the measured value of 

voltage and current. At (k+1)th instant the 

voltage and power are subtracted with the 

values from kth instant. On the right hand 

side of P-V characteristic of solar photo-

voltaic array where the voltage is almost 

constant the slope of voltage and power is 

negative  and on the left hand 

side the slope of voltage and power is 

positive ( ). P-V curve is for the 

smaller duty ratio on the right hand side. 

The duty ratio is more (nearer to unity) that 

is like to pulse with modulation (PWM) on 

the left hand side P-V characteristic. After 

subtraction of the value dP [ P(k+1) – P(k) ] 

and dV [ dV(k+1) – V(k) ] the perturbation 

algorithm decides that where duty ratio 

reduce or duty ratio increase that is shown 

in fig.14 [12]. 
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Fig.14. Perturb and Observe flow chart. 

 

 

 

 

 

 

 

 

Fig.15. perturb and observe algorithm 

simulation. 

 

The detailed Matlab/Simulink model is 

shown in fig.15. The photo-voltaic voltage 

(Vpv) and current (Ipv) are taken as the 

perturbation inputs from solar photo-voltaic 

array module to MPPT unit, duty cycle D is 

obtained as output [12]. 

 

VII.   INCREMENTAL 

CONDUCTANCE ALGORITHM AND 

SIMULATION 

 

This method uses the incremental 

conductance dI/dV to compute the sign of 

dP/dV. When dI/dV is equal and opposite 

to the value of I/V the algorithm knows that 

maximum power point has reached and 

there it ends and returns the corresponding 

value of operating voltage for MPP. One 

problem is that it requires many sensors 

like voltage and current to operate. 

Incremental conductance method 

uses two voltage and current sensors to 

sense the output voltage and current of the 

PV array.  At MPP the slope of the PV 

curve is 0. The left hand side is the 

instantaneous conductance of the solar 

panel. When this instantaneous 

conductance equals the conductance of the 

solar then MPP is reached. Here we are 

sensing both the voltage and current 

simultaneously. Hence the error due to 

change in irradiance is eliminated. The 

perturb oscillation around peak power point 

of the Perturb and Observe method to track 

the peak power under fast varying 

atmospheric condition is overcome by IC 

method. The Incremental Conductance can 

determine that the MPPT has reached the 

MPP and stop perturbing the operating 

point. If this condition is not met, the 

direction in which the MPPT operating 

point must be perturbed can be calculated 

using the relationship between dI/dV and –

I/V This relationship is derived from the 

truth that dP/dV is negative when the 

MPPT is to the right side curve of the MPP 

and positive when it is to the left side curve 

of the MPP. This algorithm has advantages 

over P&O in that it can determine when the 

MPPT has reached the MPP, where P&O 

oscillates around the MPP. Also, 

incremental conductance can track rapidly 

increasing and decreasing irradiance 

conditions with higher precision than 

perturb and observe. The disadvantage of 

this algorithm is the increased complexity. 

The Incremental Conductance (IC) 

algorithm is based on the observation that 

the following equation holds at the 

MPP:(dI/dV) + (I/V)=0 

Fig.16.Incremental Conductance flow chart. 
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Fig.17. Incremental Conductance algorithm 

simulation. 

 

VII. SYSTEM SIMULATION 

 

The complete system simulation is shown 

in fig.18. It contains all the apparatuses 

seen before, the photovoltaic, MPP tracker 

using P&O technique. Boost converter, and 

resistive load. The simulation has done for 

a gradual change of solar irradiance from 

500 to 1000W/m
2
 as shown in fig.19 and 

fig.20. 

 

 

 

 

 

Fig.18. Simulation of whole System. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.19. Output of PV system at 25
0
C 

Temperature and 1000 W/m
2
 irradiance 

 

 

 

 

 

 

 

 

 

 

 

Fig.20. Output of the PV system at 250C 

Temperature and 500 W/m
2
 Irradiance. 

 

Table 1.2. The simulation result of MPPT 

based boost converter of the solar photo-

voltaic at 25,50,75
0
C t temperatures and 

500,800,1000W/m2 irradiations. 

 
 

VIII. CONCLUSION 

 

The main purpose of this paper to establish a 

proposed simulation model for solar 

photovoltaic system was performed along with 

perturb and observe technique for maximum 

peak power tracking. For improvement in the 

electrical energy efficiency and power quality 

issues with the increment of worlds electrical 

power demand, the electric power generation 

by using the renewable energy technologies 

units such as solar photovoltaic and wind 

energy are the only solution. There are so 

many countries in the world located in the 

tropical and temperature regions, where the 

direct sunlight density may reach up to 

1000W/m2. Hence solar photovoltaic system 
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is considered as a primary resource. The boost 

converter is used to step up the PV array 

output with the perturb and observe technique 

for controlling the duty ratio of boost 

converter switch SW. 
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