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Abstract 

The techniques of maximum power point tracking (MPPT) are used for maximizing the output of 

PVs by continuously tracking the maximum power point (MPP) of their P-V curves, which depend 

both on the panel temperature and the input insolation. Various MPPT algorithms have been 

studied in papers. One of the popular methods is the Perturb and Observe (P&O) method. The 

P&O method has a special place due to its simplicity and low running cost. However, one of the 

disadvantages of this method is the failure to track MPP under fast-changing irradiation. In this 

paper, the scale of the changing irradiance signal is extracted without the need for an irradiance 

sensor by an independent component analysis (ICA) algorithm, and then, according to this 

estimation and P&O method, a new algorithm is proposed. The simulation results show, in the 

case of constant temperature and fast increasing of irradiation and different locations of the initia l 

operating point, the proposed method performance is better than the former P&O in the tracking 

of maximum power point. 

 

Keywords: Maximum Power Point Tracking, Independent Component Analysis, Photovoltaic, 

Perturb and Observe, Irradiance. 

  

1. INTRODUCTION 
 

The increasing demand for energy from all 

over the world and depletion of conventional  

 

 

 
energy resources, as well as their undesirable 

impact on the environment like releasing 

greenhouse gases and then increasing global 

warming has made the researchers develop a 

new solution for producing energy. 
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Considering all these factors renewable 

energy is one of the best solutions [1]. 

Among renewable resources energy such as 

wind, tidal, geothermal, and others, solar 

energy is considered one of the most useful 

sources, due to its sustainability, local 

availability, cleanliness, and a suitable choice 

for a variety of applications mainly due to the 

possibility of direct conversion of this form 

of energy to electrical energy using PV 

systems [2 -6]. However, PV systems suffer 

from low efficiency because of their 

dependence on weather conditions such as 

temperature and irradiance, also I-V and P-V 

curves of PV systems typically show non-

linear behavior. The I-V and P-V curves have 

a unique maximum power point, at which the 

PV system operates with the maximum 

output at the highest efficiency. So, to 

maximize the efficiency of PV panels, 

maximum power point tracking methods are 

used in PV systems [7 -8]. The task of MPPT 

is to set the system operating point near the 

MPP under different atmospheric conditions, 

and so far various methods have been 

proposed such as perturb and Observe 

(P&O), Incremental Conductance (Inc-Con), 

Short Circuit Current (SCC), Open Circuit 

Voltage (OCV), Artificial Neural Network 

(ANN), Fuzzy Logic Controller, etc. Among 

all these methods P&O is the most popular 

way, but tracking the MPP under fast-

changing of irradiation is poorly performing 

[9]. To overcome this problem, some 

solutions have been reported up to now such 

as drift modified P&O [10], which was 

proposed to capture the MPP properly under 

increasing solar irradiation. The change in the 

module current (∆I) is considered in addition 

to the change in power (∆P) and the change 

in the voltage (∆V) to track properly the 

MPP. The drift modified method tracks 

properly the MPP only both the changes (∆V) 

and (∆I) are positive. A modified P&O 

technique was proposed by [11] to ensure that 

MPP tracking of the classical P&O remains 

in the correct direction even under rapidly 

varying irradiance conditions. In this 

technique, the sign of voltage perturbation 

(∆V) was considered the sign of change in the 

voltage (∆V) and power (∆P) multiplied 

together. This resulted in reducing 

oscillations around MPP at slightly 

improving the tracking speed with no 

improvement of the average efficiency under 

dynamic irradiation conditions [11]. The 

Voltage-Hold Perturbation and Observation 

method was proposed for tracking the 

maximum power point during irradiation 

changes. A capacitance is connected in 

parallel with the PV array. The capacitor 

voltage is related to the increase/decrease of 

the generated PV current being dependent on 

the solar irradiation level. The VH-P&O 

algorithm stops the classical perturbation 

process during the irradiance changes and 

holds the reference voltage at the PV 

capacitor voltage. As soon as the irradiation 

change stops, the MPP is determined using 

the classical P&O method with decreasing 

step size. The method has a large oscillation 

around MPP like the classical one as well and 

its tracking speed is equal to that of the 

classical P&O method [12]. 

This paper introduces a solution to 

investigate the solar irradiation change 

without the need for an irradiation sensor, 

which helps classical P&O to have better 

performance in case of constant temperature 

and increasing irradiation. Section 2 presents 
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the PV system model and classical Perturb 

and Observe method. Section 3 is about the 

independent component analysis concept and 

Algorithm. The proposed method and details 

about it are elaborated in section 4. 

Simulation and results are carried out in 

section 5. Finally, section 6 presents the 

conclusion. 

 

2. INVESTIGATED PV SYSTEM AND 

PERTURB AND OBSERVE 
 

The PV system proposed in this paper 

consists of a PV module, a DC-DC voltage 

converter, and a resistive load. The module 

parameters including short-circuit current 

ISC, open-circuit voltage VOC, and IMPP, VMPP, 

and PMPP are current, voltage, and power at 

the maximum power point respectively. DC-

DC voltage converters are used for matching 

the characteristics of the load with solar 

panels [2]. 

The most popular and simple model used 

to represent the PV cell is the single-diode 

model. It is composed of series and parallel 

resistors connected to a diode and a current 

source as shown in Figure 1. 

RP represents the loss in which a small 

leakage current flows through the parallel 

path (High-value order of kΩ). RS represents 

 

 
 

Fig. 1. Single diode equivalent circuit of the 

solar cell [7]. 

 

the losses which are a loss of metal grid 

(about 1 Ω). The equations for an output 

current of the solar cell.  
 

 (1) 
 

Where the I represents output current, Iph is 

photovoltaic current without loss and this 

current depends on irradiance and the 

temperature of the solar cell, Id is the current 

through the diode, and Ip is the current 

leakage in parallel resistance. 

The amount of power obtained from a 

single solar cell is extremely low, to obtain 

desired power, the solar cells are connected 

in series to create PV panels, and PV panels 

can be connected in series or parallel to create 

PV arrays [13].   

Another condition for transferring 

maximum power to the load is that the load 

resistance is equal to the resistance of the 

other parts of the circuit. The internal 

resistance of the panels, which is obtained by 

dividing the output panel voltage by its 

current, will be a variable parameter that 

depends on factors such as irradiation level 

and temperature. If this resistance is more or 

less than the load resistance, the efficiency of 

the panels will be reduced. Since we do not 

have control over the size of the load, 

adjusting the impedance is done by adjusting 

the duty cycle of the converter (D). The four 

most common types of DC to DC converters 

used for this purpose are the buck converter, 

boost converter, buck-boost converter, and 

cuck converter. The selection of the type of 

dc-dc voltage converter depends on the 

voltage involved. Since the output voltage of 

the module is usually low to apply to load, the 

boost converter is required to amplify it [7]. 

 

ph d pI I I I= − −
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Fig. 2. The overall structure of a load-related 

PV system. 

 

Figure 2 shows the overall structure of a 

load-related PV system. Rin is the internal 

resistance of the converter and RO is the 

external resistance or load resistance. 

Equation 1 shows the relationship between 

Rin and RO. RO can be matched online with 

the Rin. 
 

 
(2) 

 

Many MPPT methods have been 

developed and implemented. The methods 

vary in complexity, sensors required, 

convergence speed, cost, range of 

effectiveness, implementation hardware, 

popularity, and other respects [14]. Through 

various methods, the most popular one is 

Perturb and Observe. 

The P&O method is popular for its low 

cost, simple implementation, and little 

maintenance. It is performed based on 

comparing the power of two points after 

perturbation. Figure 3 shows the classical 

P&O algorithm in detail. According to the 

flowchart, the first step is to measure the 

instantaneous PV voltage and current and 

multiply them to get the instantaneous power. 

Then it compares the PV power with that of 

the previous cycle of perturbation. When PV 

power and PV voltage increase 

simultaneously or when PV power and PV 

voltage decrease simultaneously; a 

perturbation step size; ∆D will be added to 

the duty cycle; D; generates the next cycle of 

perturbation to force the operating point to  

 
 

Fig. 3. Flowchart of perturb and observe method [12]. 
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Fig. 4. MPPT oscillating around MPP [5]. 

 
Fig. 5. Illustration of the erratic behaviour of P&O under rapidly increasing irradiance [14]. 

 

move towards the MPP. When PV power 

increases and PV voltage decreases 

simultaneously or when PV power decreases 

and PV voltage increases simultaneously, the 

perturbation step will be subtracted for the 

next cycle of perturbation [14, 15]. 

The advantages of the P&O algorithm are 

stated before but it has some drawbacks that 

reduce its MPPT efficiency. 

The flowchart of this algorithm reveals 

that the perturbation is applied repeatedly 

during every sampling event and therefore 

the system oscillates around MPP throughout 

this process as shown in Figure 4. And this 

will result in loss of energy. Although by 

minimizing the perturbation step size (∆D), 

the magnitude of oscillation can be reduced 

but it causes a reduction in the speed of MPP 

tracking [5]. The classical P&O method 

cannot determine when it actually reaches the 

MPP. Instead, it oscillates around the MPP 

and creates a fundamental drawback of 

classical P&O under rapidly changing 

irradiance levels. Consider the case in which 

the irradiance is such that it generates P–V 

curve 1 in Figure 5. The MPPT is oscillating 
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around the MPP from point B to A to C to A 

and so on. Then, assume the irradiance 

increases and the P–V curve of the array 

moves to curve 2. If during the rapid increase 

in solar irradiance and output power, the 

MPPT was perturbing the operating point 

from point A to point B, the MPPT would 

actually move from A to D. As shown in 

Fig5, this causes to increase in output power, 

and the MPPT will continue perturbing in the 

same direction, toward point F. If the 

irradiance is still rapidly increasing, the PV 

power curve will move to G on curve 3 

instead of to F on curve 2. Again the MPPT 

will see a positive ΔP and will assume it is 

moving toward the MPP, continuing to 

perturb to point I. From points A to D to G to 

I the MPPT is continually moving away from 

the MPP (point H in curve 3), decreasing the 

efficiency of the P&O algorithm [5, 14]. 

Figure 6 shows the success and failure of 

the classical P&O method when the initial 

operating point lies to the right or left of MPP 

under increasing irradiation and constant 

temperature condition considering the size of 

∆D[11]. 

 

 

Fig. 6. Performance of the classical P&O method under increasing irradiation level [11]. 

 

 
Fig. 7. An illustrative example of the process of mixing signals by PV panel. 
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Fig. 8. An illustrative example of the process of extracting signals by ICA. 

 

3. THE INDEPENDENT COMPONENT 

ANALYSIS CONCEPT AND 

ALGORITHM 
 

Independent component analysis (ICA) is a 

widely-used blind source separation 

technique that can be obtained to decrease the 

drawback of the classical P&O method which 

is described in section 2. 

         In Figure 7 Two source signals (Irr and 

Te) are mixed linearly to form two new 

mixture signals (I and V) by the PV panel. 

The goal is to extract the original signals from 

mixtures of signals. 

Figure 8 shows the process of extracting 

signals. S1 and S2 are the estimated of two 

source signals; Irr and Te; that are extracted 

from two mixture signals; I and V. Figure 8 

shows that the S1 and S2 track the Irr and Te 

better than I and V therefore they can be 

obtained to determine whether the irradiation 

is increasing or decreasing to solve the 

problem of continually moving away from 

MPP.  

The goal of the ICA algorithm is to find

ICs in  the sample (element of , 

namely IC vector) as sources from the  

measured variables that are sampled from the 

sensors, CT or PT (element of , namely 

observed vector) [16, 17]. In principle, this 

method searches to find the unknown mixing 

matrix  and IC matrix , from the known 

observed matrix , where: 
 

 (3) 
 

Equation (3) can be rewritten as  , 

where  . Matrix   is whitened using 

the whitening matrix . The Matrix   can be 

calculated as where is a diagonal 

matrix with the eigenvalues of the matrix 

as its diagonal elements and is a matrix 

with corresponding eigenvectors of as its 

columns, where . The whitened 

matrix    can be written as: 
 

 (4) 
 

According to literature [18], . 

Therefore, the problem of finding a full rank 

matrix  is reduced to finding an orthogonal 

matrix . Equation (4) can be rewritten as

. It is a matrix equation with two 

unknown matrices and with two 

constraints;  is an orthonormal matrix [19] 

and the statistical dependence between 

elements should be minimized. Literature 

[19] offers a solution to this constraint 

optimization problem and suggests the Fast 

ICA (FICA) algorithm. This algorithm is 

explained by the following steps: 
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Step 1: Choose m (the dimension of the 

IC vector) and set the counter   

Step 2: Choose a random initial vector

with the unit norm,  which is a column of 

the matrix . 

Step 3: Calculate 
 

  
(5) 

 

where  and are the first and second 

derivatives of . The Function  is 

defined as or , etc.  is 

any non-quadratic function proposed by [20] 

to approximate the negentropy and is well 

explained in it. 

Step 4: Orthogonalize using the Gram-

Schmidt method: 
 

  

(6) 

 

Step 5: Normalize as: 
 

  
(7) 

 

Step 6: If  has not converged, go back 

to step 3. is converged if the dot-product of 

old and new is equal to around 1.  

Step 7: If has converged, it is the 

vector of . Then, if  set  and go 

back to step 2. 

To summarize, the matrix  is determined 

by the above-mentioned method. The IC 

matrix, , then is calculated as , and 

finally the de-mixing matrix, , is calculated 

as: 
 

  
(8) 

 

4. THE PROPOSED METHOD 
 

As shown in Figure 5, under constant 

temperature and rapidly increasing irradiance 

conditions, classical P&O has erratic 

behavior. The increase in power is due to an 

increase in irradiation which classical P&O 

cannot detect and also further away from 

MPP in each step. Adding an irradiation 

sensor eliminates one of the biggest 

advantages of P&O, which is its low cost. But 

With the help of ICA without the need for an 

irradiation sensor, the signal of irradiation 

changes is estimated and helps the classical 

P&O to have better performance. In general, 

this procedure is summarized in two main 

steps. In the first step, irradiation signal 

changes are estimated using the ICA 

algorithm and in the second step by using this 

estimated irradiation signal and voltage and 

current signals of the panel, a proposed 

method is provided based on the P&O 

algorithm to improve classical P&O 

weakness in rapidly changing irradiation 

conditions. Finally, the output of this 

algorithm is used to generate pulses in the 

boost converter. 

 

4.1. Estimate Irradiation Signal Changes 
 

Pointing out that the current and voltage of 

the panel are influenced by the intensity of 

irradiation and ambient temperature. In the 

proposed method, the voltage and current of 

the panel enter the ICA block as ICA inputs, 

and the ICA algorithm is implemented on 

them. Finally, the estimated source signals 

are obtained to illustrate the changes in the 

irradiation signal; Irr; and the panel surface 
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temperature; Te. With a reminder of the fact 

that the simulation was performed under 

constant temperature condition, only the 

irradiation signal changes are used to 

continue work. 

The achieved irradiation signal changes 

consist of two parts: an offline part is carried 

out to identify the initial simple model of the 

panel and an online part is carried out to 

update this model and estimate the source 

signals (irradiation signal); Irr; and the panel 

temperature; Te. These two parts are 

explained as follows: 

 

4.1.1. The Offline Part 
 

The steps of the offline part are described as 

follows: 

Step 1: Choose N>10 (samples number of 

output current and voltage of panel in a 

condition that the temperature and irradiation 

are constant)   

Step 2: Construct the Observation matrix 

, , where vector 

 and is k-th sample of PV 

panel current and is k-th sample of PV 

panel voltage.  

Step 3: should be normalized using the 

mean and standard deviation of each row. 

Step 4: Compute the whitened matrix

by Equation (3). 

Step 5: Perform the ICA algorithm to 

obtain matrix , matrix S, and matrix  

(initial model of the panel) by step 1 to step 7 

of the ICA algorithm (see section 3). In ICA 

algorithm   is chosen. 

Step 6: Obtain the 

 and 

calculate the variance of each row of matrix

; and ; then determine the

. 

 

4.1.2. The Online Part 
 

The steps of the online part are described as 

follows: 

Step1: Construct the Observation vector

, where vector  and 

is k+1-th sample of PV panel current 

and is k+1-th sample of PV panel 

voltage.  

Step 2: Calculate the  

Step 3: Reconstruct the Observation 

matrix  by .  

Step 4:  should be normalized using 

the mean and standard deviation of each row. 

Step 5: Recalculate and the whitened 

matrix by Equation (2) (see section 3). 

Step 6: Perform the ICA algorithm to 

obtain the new matrix  and matrix  

(update model of the panel) by step 1 to step 

7 of the ICA algorithm (see section 3). In ICA 

algorithm   is chosen. 

Step 7: Go back to Step 1 

To summarize, the vector  

is determined by the above-mentioned 

method.  

In practice, the temperature variation is 

smooth therefore the row of the vector S is 

not smooth which shows an estimation of the 

irradiation signal. As a result, the estimation 

of irradiation change; ∆Irr; can be estimated 

by . 
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Fig .9. The proposed method algorithm. 

 

4.2. The Proposed Algorithm 
 

In continuation with the availability of 

irradiation signal, MPPT in addition to 

checking the values of voltage and power 

also can consider the process of irradiation 

changes and then decide whether to increase 

or decrease the value of D unless the mistake 

mentioned in classical P&O occurs. Figure 9 

shows the maximum power point tracking 

algorithm using the proposed method. V and 

I are the voltage and current of the panel 

respectively and ∆Irr shows an estimation of 

irradiation change. Figure 9 shows the 

proposed algorithm is similar to the classical 

P&O algorithm unless when ∆Irr is bigger 

than a threshold level. The threshold level is 

assumed 𝟑𝜹 where the  is a variance of 

estimation of irradiation change under 

normal panel operating conditions (when the 

irradiation is constant). It is calculated from 

the step 6 of the offline part. It is worth 

mentioning that it is assumed a normal 

distribution for irradiation under normal 

panel operating conditions also the mean of 

signal is zero. 

The variance of the irradiation ( ), is 

calculated from the third step of the offline 

section. P is the output power of the panel that 

is calculated as 𝑽. 𝑰; D; is the duty coefficient 

of the boost converter. As mentioned before, 

this simulation was performed in constant 

temperature and rapidly increasing 

irradiation condition, so as the irradiation 




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increases, the MPP moves to the right, and at 

each step, D must increase by . But if  

is smaller than  the conventional P&O is 

executed. 

 

5. SIMULATION 
 

The algorithm shown in Figure 9 is coded in 

MATLAB  function block and its output is 

used to generate boost converter pulses. 

The simulations were performed in two 

different ways to compare the performance of 

the classical P&O method and the proposed 

method in similar conditions. The table 

below shows the datasheet parameter values 

of the PV module used in this paper. Current-

voltage and power-voltage characteristics of 

the PV module are illustrated in Figure 10 

and Figure 11 respectively. 

 

Table 1. The Datasheet parameter value of the PV module. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 10. Current-voltage characteristics of the PV module. 

 

D Irr

3

Trina-Solar TSM-250PA05.08 

Maximum Power (W) 249.86 

Open Circuit Voltage VOC (V) 37.6 

Short Circuit Current ISC (A) 8.55 

Voltage at maximum power point Vmp (V) 31 

Current at maximum power point Imp (A) 8.06 

Shunt resistance Rsh (Ohms) 301.849 

Series Resistance Rs (Ohms) 0.247 
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Fig. 11.  power-voltage characteristics of the PV module. 

 

 
Fig. 12. The input irradiation signal. 

 

In simulations, the ambient temperature 

is constant (25℃), and the irradiation signal 

is shown in Figure 12. The offline part of the 

proposed algorithm is run at the first second 

and the online part is run after 1 second. In 

Figure 12, the irradiation signal increases 

from 1.2 s to 1.4 s and remains constant after 

that.   

It is noteworthy that in this simulation, 

along with the voltage and current signals, 

the noise signal that is always present in the 

environment enters the ICA block, which will 

bring the result closer to reality. The input 

noise specifications are given in table 2. 

 

Table 2. The input noise specifications. 
 

Input Noise 

Band-Limited white noise Noise 

0.00001 Noise Power 

0.0001 Sample Time 
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Fig. 13. Comparison of the controller duty 

coefficient (D) changes. 

 

 

Table 3. The average output power. 

Average of output power Method 

51.53 Classical P&O 

53.77 Proposed method 

Simulation results show that the 

performances of both methods are similar 

under constant irradiation, but from t=1.2 

with increasing the irradiation, the proposed 

method performed better than the classical 

P&O method because of applying estimation 

of irradiation change. Figure 13 shows the 

comparison of the controller duty coefficient 

(D) changes in transient time. As shown in 

figure 13, the duty coefficient D of the 

proposed method is completely ascending in 

the period of irradiation increase, as 

expected. 

The simulation is repeated 10 times and 

the average output power in each method is 

shown in Table 3. 

Figure 14 illustrates the output power 

curves taken from the panel. When the 

temperature and irradiation are constant, the 

algorithms behave similarly, so the blue and 

red graphs overlap, and the parts of the blue 

graph below the red graph are not visible in 

the figure. During the irradiation increase 

period, the proposed method receives more 

output power from the panel. 

 
Fig. 14. Illustrated the output power curves taken from the panel. 
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Table 4. Comparison of the results of the two methods by changing the irradiation signal. 
 

Irradiatio

n increase 

time 

Duration of 

irradiation 

increase 

Mean of power Rise time 

Classical 

P&O 

Proposed 

P&O 

Classical 

P&O 

Proposed 

P&O 

1.5-1.55 0.05 40.74 42.54 0.198 0.129 

1.3-1.4 0.1 48.74 50.95 0.203 0.137 

1.2-1.35 0.15 52.29 54.72 0.225 0.154 

1.2-1.4 0.2 51.53 53.77 0.247 0.205 

1.2-1.5 0.3 49.73 51.61 0.32 0.3 

1.2-1.6 0.4 47.7 49.37 0.404 0.4 

1.1-1.6 0.5 49.9 51.6 0. 505 0.5 

1.1-1.7 0.6 47.82 49.29 0.605 0.6 

1.7-1.8 0.7 45.74 46.98 0.696 0.693 

1.05-1.85 0.8 45.77 46.95 0.802 0.799 

Average 47.996 49.778 0.421 0.392 

 

For more investigation, some factors of 

the classical P&O method and the proposed 

method by change in duration irradiation 

time, change in starting point (D0), and 

change in step for increasing or decreasing D 

( D ) parameters were compared. The 

simulations are run at constant temperature 

and fast increasing irradiation, which are the 

assumed conditions of the article. 

 

5.1. Change in Duration Irradiation Time 
 

The duration of irradiation increase is 

assumed to be a variable factor (∆𝑡). The 

initial irradiation is 200, which reaches 1000 

after the ∆t seconds. Simulations were 

performed for 10 different ∆𝑡s. 

Table 4 shows the performance of the 

proposed method is better than the classic 

method. In other words, the average mean 

power increases about 4%, and the average of 

rise time decreases about 7%. 

 

5.2. Change in Starting Point (D0) 
 

Another influential factor in the P&O method 

is the starting point of D. To ensure the 

performance of this method, the simulation 

was performed with 5 different starting 

points. 

Table 5 shows that this method is not 

dependent on the starting point and has a 

better performance, and the average mean 

power increases about 4% and the average of 

rise time decreases about 20%. 

 

5.3. Change in Sep for Increasing or 

Decreasing D ( D ) 
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The amount of D , which is an important 

factor in the speed to reach MPP if the correct 

direction is detected and also effective in the 

amount of fluctuations in P&O, was assumed 

to be a variable factor. The results of the 

simulation of the proposed algorithm and 

classical P&O with different D below were 

examined. Table 6 shows that the 

performance of the proposed method is better 

than the classic method. In other words, the 

average mean power increases about 4% and 

the average rise time decreases about 17%. 

 

5.4. A Brief Comparison Between 

Proposed P & O And the Method 

Proposed by [13] 
 

The method proposed by reference [13] is 

simulated and compared with the proposed 

method, both methods improve output power 

in comparison to the classic method but there 

isn’t a meaningful difference between these 

two methods in output power. 

 

Table 5. Comparison of the results of the two methods by changing D0. 
 

D0 

Mean of power Rise time 

Classical P&O 
Proposed 

method 
Classical P&O 

Proposed 

method 

0.3 51.83 54.04 0.25 0.204 

0.4 51.7 53.9 0.25 0.204 

0.5 51.53 53.77 0.25 0.205 

0.6 51.3 53.49 0.248 0.205 

0.7 51.04 53.24 0.249 0.206 

Average 51.48 53.688 0.2494 0.2046 

 

Table 6. Comparison of the results of the two methods by changing D . 
 

∆D 

Mean of power Rise time 

Classical P&O 
Proposed 

method 
Classical P&O 

Proposed 

method 

0.0002 49.81 52.61 0.349 0.24 

0.00035 51.53 53.77 0.248 0.205 

0.0005 52.04 53.96 0.212 0.205 

0.0007 52.24 54.06 0.225 0.205 

0.001 52.37 54.08 0.213 0.205 

Average 51.598 53.696 0.2494 0.212 
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6. CONCLUSION 
 

Efforts have been made to achieve greater 

power from solar panels. And so far many 

different methods have been proposed to 

improve MPP tracking. The concern of many 

researchers is to improve the performance of 

the existing methods. In this paper, the aim is 

to improve the performance of the P&O 

method under constant temperature 

conditions and the fast increase of irradiation 

that the classic P&O fails to track the MPP. 

For this purpose, the ICA algorithm was used 

and by implementing this algorithm, changes 

in the irradiation signal were obtained 

without the use of an irradiation sensor. 

Using this signal in writing the new algorithm 

reduced the required time to get around MPP 

and more importantly, increased the average 

output power. In order to illustrate the 

improved performance of the proposed 

method in different conditions, the irradiation 

increase times are changed between 1.05 to 

1.85 seconds and it is shown that the output 

power mean increases and rise time decreases 

in the proposed P&O compared to the classic 

P&O. Also the starting point (D0) is changed 

between 0.3 to 0.7, in all simulations the 

output power mean increases and rise time 

decreases in the proposed P&O compared to 

classic P&O. finally, 5 values are chosen as 

steps for increasing or decreasing D ( D ). In 

all the 5 simulations, the output power mean 

increases and rise time decreases in the 

proposed P&O compared to classic P&O. 

It is worth mentioning that due to the 

addition of computational operations in the 

proposed method, the execution time of this 

method is longer than the classical P&O 

method. Of course, with the growing trend of 

equipment in various parts of hardware and 

software, this problem will be negligible. 
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