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Abstract- In the past decades, there has been a huge demand of energy requirements with respect to the increasing load 
demand and subsequent growth in the use of the renewable energy sources has increased from day to day to overcome the 
above crisis. Photovoltaic energy is one of these sources but due to its high cost and low conversion efficiency had limited the 
use of such endless energy source. Also the output power of a photovoltaic system (PV) is nonlinear and it is affected by 
variable weather conditions, therefore the maximum power point tracking (MPPT) was invented to extract the maximum 
power from each PV array to increase the cost effectiveness with increase in efficiency. In this paper an attempt has been made 
with two methods such as Perturb & Observe method (P&O) and modified perturb and observe method (MP&O) with fast 
tracking to increase the conversion efficiency of solar PV panels. In these techniques, from the available P-V curves the 
present value i.e, power and voltage, obtained is compared with the prior and post values for the above said methods. The 
performance of the modified P&O method is evaluated and compared with the P&O MPPT method. 
 
Keywords- Maximum Power Point Tracking, Perturb and Observe, Photo Voltaic Panel, MPP Tracking. 
  
 
I. INTRODUCTION 
 
Energy demand across the globe is increasing day by 
day due to increasing demand from different levels of 
consumers. The situation with the perishing 
conventional sources has further made the energy 
demand more complex phenomena because of the fast 
exhausting of conventional sources. The other 
problem is increase of green house gases effect on the 
mother Earth making high pollutant world. So as a 
quest for green energy technologies, one of the 
prominent renewable energy resources, photovoltaic 
(PV) generation has been increasingly gaining 
considerable attention among industry players all 
around the world. In most of the PV applications, the 
key function of PV system is to extract maximum 
power from PV array during the daytime and the 
power obtained from them are of very low values.  The 
power-voltage characteristics obtained from the PV 
system have nonlinear characteristics because of so 
many factors like environmental conditions such as 
irradiance, temperature. At each irradiance level, 
there exists a unique maximum power point for a 
power - voltage curve of a PV array. So in order to find 
the maximum power for an each PV system we need to 
operate /extract the maximum power point from the 
curve so that the the system is effectively used With a 
good conversion efficiency. In order to obtain a better 
tracking two algorithms have been proposed here to 
look in to fast tracking response for a PV System. 
Maximum Power Point Tracking (MPPT) control 
algorithm of PV power converter is the function to 
maximize the power generation efficiency by 
regulating the PV array voltage. There have been 
many algorithms developed for MPPT, e.g. the 

fractional open circuit voltage method, short circuit 
current method & incremental conductance method 
and so.., all these have been implemented earlier due 
to its easiness of getting maximum point with less cost. 
But the advantages of these methods have the 
drawbacks of high time and low tracking speed. 
Therefore two new methods of tracking called as 
perturb and observe method and Modified perturb and 
observe method eliminates these drawbacks by 
increasing the tracking speed and locating the exact 
maximum power point on the p – V curve. 
 
II. PERTURB AND OBSERVE 
 
The Perturb & Observe algorithm, also known as 
perturbation method is normally a trial and error 
method. It states that when the operating voltage of the 
PV System is perturbed by a small increment, 
whenever the resulting change in power ∆P is positive, 
then we are going in the direction of MPP and we keep 
on perturbing in the same direction. If ∆P is negative, 
we are going away from the direction of MPP and the 
sign of perturbation supplied has to be changed. 
Figure 1 shows the plot of tracking the module output 
power versus module voltage for a solar panel at a 
given irradiation. The point marked as MPP is the 
Maximum Power Point, the theoretical maximum 
output obtainable from the PV system. 
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Fig.1: Solar panel characteristics showing MPP and operating 
points A and B 

Consider A and B as two operating points as shown in 
the figure 1, the point A is on the left hand side of the 
MPP. Therefore, we can move towards the MPP by 
providing a positive perturbation to the voltage. On 
the other hand, point B is on the right hand side of the 
MPP where in we need to provide a negative 
perturbation to the voltage. When we give a positive 
perturbation, the value of ∆P becomes negative, thus it 
is imperative to change the direction of perturbation 
based on to achieve MPP. The flowchart for the P&O 
tracking of Maximum power point algorithm is shown 
in Figure 2.The algorithm of P&O is explained as 
follows: Here if the output power and voltage at one 
instant is measured and compared with the previous 
compute power and voltage, if it is greater, then the 
direction of perturbation is maintained otherwise it is 
reversed. So four cases will come under consideration. 
Case:-1 if the change in power is less than zero and 
change in voltage is less than zero then perturb is 
increased to reach the MPP.  
Case:-2 if the change in power is less than zero and 
change in voltage greater than zero then the perturb is 
decreased to reach the MPP. 
Case:-3 if the change in power is greater than zero and 
change in voltage less than zero then the perturb is 
decreased to reach the MPP. 
Case:-4 if the change in power is greater than zero and 
change in voltage greater than zero then the perturb is 
increased to reach the MPP. 
 

 
Fig.2: Flow chart of the P&O method 

 
This method has the advantage of adapting easily to 
slowly varying irradiance and temperature. But the 
main drawback here is that the continuous use of 
perturbation is done even after the MPP is reached, 
resulting in the oscillation around MPP due to which 
there will be a loss of power. Here the tracking in the 
wrong direction is also not prevented whenever there 
are sudden variations in the atmospheric conditions 
resulting in high time and low tracking speed. 
Therefore new proposed method eliminates these 

drawbacks by increasing the tracking speed and 
tracking the exact maximum power point. 
III. IMPLEMENTATION OF MODIFIED 

P&O METHOD 
 
In modified perturb and observation method we will 
be using a variable perturb that is initially we will take 
large perturb values to reach the MPP early and as we 
approach nearer to the MPP the perturb value is 
decreased in such a way that we reach the exact 
maximum power point. In this modified P&O method 
from the available P-V curve the voltage value is 
increased step-wise corresponding to which the power 
value is also obtained.  
 
Here, with each step-wise incremental, power value is 
compared with prior and post obtained value, i.e, each 
time, comparison of three values is done. Therefore, 
the overall comparison is used to track maximum 
power point. 
 

 
Fig.3: Flow chart of the modified P&O method 

 
The major difference between the conventional P&O 
and MP&O is in the process of comparison. In P&O 
the post value obtained is compared with present value 
but not the prior value, hence MP&O compensates the 
drawback of conventional perturb and observe 
method, by increasing the tracking speed and 
decreasing the number of iterations. The modified P& 
O have the desired adaptability to adjust for the slowly 
varying irradiation levels, temperature changes and 
also for the PV system characteristics.  
 
The response speed of tracking is considerably high 
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for reaching the optimum power point due to faster 
convergence of reaching the MPP point. 
IV. RESULTS AND DISCUSSIONS` 
 
Test 1: For Varying irradiation and constant 
temperature 
1) P-V characteristics for different irradiation levels 
at constant temperature of 250C  

 

 
Fig(4): MPPT Tracking of P&O method for different irradiation 

levels and constant temperature i.e,250C 
 

 
Fig(5): MPPT Tracking of MP&O method for different 

irradiation levels and constant temperature i.e,250C 
 

2) I-V characteristics for different irradiation levels 
at constant temperature of 250C. 

 

 
Fig(6): MPPT Tracking of P&O method for different irradiation 

levels and constant temperature i.e,250C 

 
Fig(7): MPPT Tracking of MP&O method for different 

irradiation levels and constant temperature i.e,250C 
 

Higher is the solar irradiation, higher would be the 
solar input to the solar cell and hence power 
magnitude would increase for the same voltage value 
under the constant temperature as shown in the 
fig.4,5,6,7. With increase in the solar irradiation the 
open circuit voltage increases. This is due to the fact 
that, when more sunlight incidents on to the solar cell, 
the electrons are supplied with higher excitation 
energy, thereby increasing the electron mobility and 
thus more power is generated.                    
    
Test 2: varying temperature and constant irradiation 
3) P-V characteristics for different temperature 
levels at constant irradiation of 1000w/sqm. 

 

 
Fig(8): MPPT Tracking of P&O method for different 

temperature levels and constant irradiation i.e,1000w/sqm 
 

 
Fig (9): MPPT Tracking of MP&O method for different 

temperature levels and constant irradiation i.e,1000w/sqm 
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4) I-V characteristics for different temperature levels 
at constant irradiation of 1000w/sqm. 
 

 
Fig(10): MPPT Tracking of P&O method for different 

temperature levels and constant irradiation i.e,1000w/sqm 
 

 
Fig(11): MPPT Tracking of MP&O method for different 

temperature levels and constant irradiation i.e,1000w/sqm 
 
On the contrary, as the temperature is increased, 
keeping constant irradiation around the solar cell has 
a negative impact on the power generation capability.  
 
Increase in temperature is accompanied by a decrease 
in the open circuit voltage value and this is clearly 
observed from the above fig.8, 9, 10, and 11. Increase 
in temperature causes increase in the band gap of the 
material and thus more energy is required to cross this 
barrier. 
 
Thus the efficiency of the solar cell is reduced. The 
main difference between the perturb and observe 
method and modified perturb and observe is way of 
tracking the Maximum power point i.e. shown in the 
above two responses in the figure 4 & 8 and the 
comparison of these two methods in terms of tracking 
time is shown in the Table.1 

Table 1: Comparison of tracking speed(in time) 
between P&O and MP&O Methods 

S.no. Technique 

Time to track 
MPP for 
different 

irradiations(Sec) 

Time to track 
MPP for different 
temperatures(sec) 

1 P&O 13.492 13.305 

2 MP&O 4.112 3.795 

 
CONCLUSION 
 
The comparison between the two methods perturb and 
observe and modified perturb and observe method has 
been done. Here the results indicates that the modified 
perturb and observe method tracks the exact 
maximum  power point at less time with higher 
tracking speed than perturb and observe method. 
Therefore, the modified method takes less time and 
has higher tracking efficiency.  
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