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 Renewable energy has too much attention over past few years specially solar energy. Photovoltaic is a 

technique in which solar energy is converted into electrical energy (DC). As we know conventional energy is 

limited so we are trying to improve the uses of renewable energy like solar energy, hydel energy, and tidal 

energy. A single cell of photovoltaic has still very low output so it is necessary to improve the performance 

and reduce the cost. The model of photovoltaic presented in this paper can be used to visualize its output 

characteristics which are I-V characteristics and P-V characteristics under different irradiation level and 

temperature. In this paper MPPT- Maximum power point tracking is a method in which changing the ratio 

between current and voltage delivered   to get power by tracking one maximum power point from array input. 

Here the system developed by combining (PV) photovoltaic module and DC-DC boost converter.  There is a 

detail discussion of DC-DC boost converter and perturbation and observation (P&O) MPPT algorithm. 

Perturbation and observation (P&O) principal is to create a perturbation by increasing or decreasing the duty 

cycle of DC-DC boost converter and observe the change in PV output. Used algorithm is to track MPPs because 

it performance very small control under rapid changes. This is experimentally verified by modelling the PV 

system with MPPT algorithm in MATLAB/Simulink Software. 
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I. INTRODUCTION 

 Photovoltaic has experienced large amount of 

growth and brought attention over past few years. 

This PV-Photovoltaic module converts solar energy 

to electrical energy.  

The amount of electrical energy which is 

generated by the photovoltaic module depends on 

the amount of solar radiation and temperature. 

Since a single cell of photovoltaic module generates 

small amount of electrical energy so there 

terminals can be feed to small loads [1] [2] [3] [4] [5] 

[6] [7].Among all the renewable energy present 

solar energy is most essential and prerequisite 

renewable resource because it is the only 

renewable energy which does not harm 

environment and uses sustainably solar radiation 

energy.  

PV is a semiconductor device which is static, 

quite, has little operation and maintenance cost. 

The output characteristic of a photovoltaic module 

depends on the irradiance and cell temperature 

and output voltage of PV module [21].PV module 

has non-linear characteristics so it is important to 

model it for simulation of maximum power point 

tracking MPPT for PV uses [8]. MPPT-Maximum 
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power point tracking is a method or an algorithm to 

obtain the maximum output. We have used DC-DC 

boost converter which will step up the input voltage 

to required output voltage in DC without using 

transformer. The main component of DC-DC boost 

converter is an inductor, capacitor, operational 

amplifier, MOSFET, diode, resister [9] [10]. 

PV module has major problem conversion 

efficiency of electrical power generated is very low 

about 9-17%, under low irradiation. Due to change 

in weather conditions the generated electrical 

power by solar module will also change. As 

irradiation and temperature changes the output 

characteristic also changes of solar module. Due to 

module such a low output there is a unique point 

solar on P-V characteristics and I-V characteristics 

which is also known as MPP-Maximum power point 

at which entire PV module will operate in its 

maximum efficiency and produces maximum 

output power [11].All algorithm of MPPT are of 

same aim to increase the output power of PV 

module. 

II. MODELING OF PHOTOVOLTAIC CELL 

A photovoltaic cell is basically a p-n junction 

fabricated over thin wafer of semiconductor. The 

radiation of solar energy gets directly converted 

into electrical energy this effect is called 

photovoltaic effect. When solar cell is exposed into 

sunlight the photons with greater energy then the 

band gap energy will create some electron hole pair 

which is proportional to incident irradiation.  

Vpv= Output voltage of a PV module (V) 

Ipv =PV module output current (A) 

K= Boltzman’s constant= 1.3805 * 10-23 J/K 

T=Operating temperature (Kelvin) 

Tr =Reference temperature=298K 

Q=Electronic charge=1.6*10-19 C 

Λ is the PV module illumination (W/m2) 

Ns=Number of cell connected in series 

Np=Number of cell connected in parallel 

A=B= Ideality factor=1.6 

IsCr=0.0017A/degC 

Io=PV module saturated current(A) 

Ki= Short circuit current temperature co-efficient 

Rs=Series resistance of a PV module [12]. 

 
Fig. 1PV Cell using Diode Cell 

The PV module which is used here in modelled 

using some of the mathematical equations. 

 

Module photo-current: 

1000/])298([  sCriPh ITKI (1) 

Modules reverse saturation current: 

]1)//[exp(  KATNqVII cocsCrrs
(2) 

Module saturation current Io: 

}]/1/1{/exp[]/[ 3 TTBkqETTII rgorrso  (3) 

(I0 will change with temperature of cell) 
 
Current output of the PV module (where Vpv=Voc, 
Np=1, Ns=36): 

]1}/)]([exp{[0  KATNRIVqININI sspvpvpphppv

(4) 
[13] [14]. 
 

The final model of PV takes input as radiance, 

operating temperature in Celsius and voltage 

module and gives the output current Ipv and 

output voltage Vpv (Fig 2).  Mat-lab code for 

plotting the graph voltage of PV and current of PV 

and the graph between voltage of PV and power of 

PV is plot (Vpv, Ipv) and plot (Vpv, Ppv) (Fig 3 and 

Fig 4 respectively). 

 

 
Fig. 2 PV Module in Matlab/Simulink 

 

 

 

Fig.3 TheOutput Characteristics of PV where X-axis = Vout 

and Y-axis = Ipv IV Characteristics 
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Fig. 4 The output characteristics of PV where X-axis = 

Module power (Ppv) and Y-axis = Module voltage (Vpv) PV 

characteristics 

III. DC-DC BOOST CONVERTER 

Basically boost converter is DC/DC converter 

which will boost to maintain the maximum output 

power for all the conditionsofirraduations and 

temperature variations. DC-DC boost converter 

(Chopper circuit) are used in grid connected 

applications to step up the module voltage. 

 
Fig. 5 DC-DC Boost Topology 

When the switch which is parallel to capacitor is 

ON, the current build inthe inductor L due to 

positive inductor voltage is equal to input voltage. 

When this switch is OFF the voltage across the 

inductor reverses and add the input voltage and 

makes the outpur voltage greater than input 

voltage. The avarage voltage across the inductor 

over a full period is zero. The output voltage of the 

boost converter depends compeletly upon the duty 

cycle of the controlling switch. Thus we can 

calculate duty cycle (D) by using this formal [15]. 

)]1/(1[/ DVV ino  (5) 

IV. MPPT – MAXIMUM POWER POINT TRACK 

As we know the solar module has very low 

efficiency, so in order to increase the efficiency of 

the solar module this method is used to match the 

source and proper load. Mainly this tecnique is 

used to obtain the maximum power as from 

varying input or source. The MPPT operates by 

incrementing terminal voltage periodically of PV 

module and continuously seek. To calculate the 

maximum PV module output power and PV 

module terminal voltage the irradiance and 

temperature. The control system adjust the DC-DC 

boost converter to seek the maximum power point 

of PV module. the IV curve of PV module is non 

linear so it is difficult to power up the a certain 

load. This is done using DC-DC Boost Converter 

whose Duty cycle is varied by using MPPT 

algorithm [16]. 

 
Fig. 6 MPP –Maximum Power Point 

 

The point in the plot where Imp and Vmp meets 

is the Maximum Power Point. This is point in the 

plot where maximum power is available.  

There are many methods used for maximum 

power point tracking which are: 

1) Perturbation and Observation Method 

2) Incremental Conductance Method 

3) Constant Voltage Method 

4) Constant Current Method 

[17]. 

There will be comparison between the terminals 

voltages (actual and optimum) will control the duty 

cycle of boost converter. Changing the duty cycle 

according to error signals between maximum and 

actual power will pass maximum power available 

form PV module to connected loads.  

A comparison between actual and reference 

values for PV module terminal voltage and 

maximum power available from PV module will 

control the duty cycle of boost converter. The 

different methods mentioned above have different 

algorithm which helps to track the peak power 

point of the PV module [18]. 

V. PERTURBATION AND OBSERVATION (P&O) 

ALGORITHM AND SIMULATION 

In this method, due to perturbation the power of 

the PV module changes. When then peak power is 

reached the power at its next instant decreases 

and then after perturbation reverses. When the 

steady state reaches the algorithm around the 

peak point of the plot of PV module. To keep power 

variation very small perturbation is kept in the plot 

[19]. 
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Fig. 7 Perturbation and Observation Algorithm 

 

The algorithm read the data of voltage and 

current from the PV module. The power is 

calculated of PV module from the measured voltage 

and current. The value of power and voltage at nth 

instant stored. The next value at (n+1)th instant are 

measured again and power is calculated from the 

measured value. The power and voltage at (n+1)th 

instant are subtracted with the values from nth 

instant. In the PV power voltage curve if we see 

right hand side of curve where the voltage is almost 

constant the slope of voltage power is negative 

where in the left hand side the slope of voltage 

power id positive. The right side of the curve is for 

lower duty cycle nearly zero where the left side 

curve is for higher duty cycle nearly to unity. Here 

the algorithms decide to increase or decrease duty 

cycle [20]. 

 
Fig. 8 Algorithm for Perturbation and Observation MPPT 

Method 

Perturbation and observation method may also 

fail under rapidly changing condition of irradiance, 

temperature and atmospheric condition. 

VI. MODEL STRUCTURE AND SIMULATION OF MPPT 

PERTURBATION AND OBSERVATION 

In the process of simulation we have assumed 

irradiance and temperature as 1000 W/m2 and 

25℃. Taking simulation speed and accuracy into 

consideration we choose solver as ode45 

(Dormand-Prince). The maximum step size is 1e-6, 

minimum step size is auto and relative tolarance is 

1e-3 in configuration parameters in MATLAB. Here 

PV module is desinged using Subsystem whose 

output is connected DC-DC boost converter which 

consist of filter capacitor, resistor and diode.  

The output feeders of the PV module is connected 

to the MPPT algorithm of P&O. The output of MPPT 

is connected to PWM generator (DC-DC)(Pulse 

Width Modulation Generator). It is very improtant 

to note that the PI controller is tuned for the 

purpose of stabilising of closed loop transfer 

function over the range of irradiation level. The 

controller parameters of PI controller is obtained by 

tuning in continuous time domain as 

Proportional(P)= 1.08 and Integral(I)= 0.6. The 

compensator formula is P+I(1/s). 

 
Fig. 9 Simulink Model of P&O MPPT for PV Applications 

 
Fig. 10 IV Characterstics X-axis Vout and Y-axis Ipv 

Maximum Power Point 
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Fig. 11 PV Characterstics X-axis Ppv and Y-axis Vpv 

Maximum Power Point 

 

 
Fig. 12 PV Output Characterstics of MPPT  P&O after PI 

Tunning 

VII. CONCLUSION 

The paper proposes the designing of photovoltaic 

module, simple DC-DC boost converter and 

algorithm of MPPT perturbation and observation 

(P&O). The output of PV module changes with the 

level of  irradiation and temperature and other 

atmospheric conditions. PV module terminals are 

feeded to DC-DC boost converter which is used to 

step-up the output voltage.  

This method of maximum power point tracking 

specially perturbation and obserbation (P&O) are 

used in photovoltaic system because of its easily to 

implement and for simplicity.  

P&O method moves the operating point towards 

the maximum power point. This paper aims to 

design and implement the MPPT method and to 

achieve maximum output. 
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