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ABSTRACT: PV systems were turned-out as efficient and satisfying way of electrical energy production for urban electrification in all 

over the world. As the power generated by a PV cell in directly depending on the climatic condition such as temperature and irradiation. 

Although the direct PV generated power can not the utilized by load due to its instability and fluctuations. Now a day’s researches are 

concentrating of efficient power point tracing MPPT methods to operate the PV system at its maximum efficiency. This paper presents 

the competitive analysis of different MPPT controller like P&O, INC and ANFIS methods. This proposed PV system applied different 

MPPT methods using DC to DC boost converter with resistive load. The proposed PV system has done using Matlab/Simulink platform 

to many efficiencies, Accuracy, ripple as a comparison of above mentioned MPPT methods. 

Index terms- MPPT, PV Cell, P&O, INC, ANFIS, Matlab/Simulink 

I. INTRODUCTION 

The future electrical energy needs, cannot be fulfill by conventional energy resource due to its demand and raising price. The 

concentration on non-conventional energy resource are increased by researches to develop the innovative electricity generation system 

using solar, wind, Tidal, Biomass etc,[1].Among the other non-conventional energy resource solar energy plays virtual role but it has 

limitations due to change in insulation conditions. The solar power system is now operated with variation of maximum power point 

tracking methodologies to extract maximum efficiency. Among the varies type of MPPT controller it is not known how many of these 

are operating efficiency at varying climatic condition [2]. This paper is aimed to integrate the accuracy and stability of globally occurred 

these major MPPT methods at different temperature and irradiance level using dc to dc boost converter with different circuits [2]. In 

this paper, perturb & Observe algorithm [INC] and ANFIS MPPT methods on proposed for investigation of performance of various 

climatic conditions. The MPPT not only increase the stability of PV power but also enhance the operating life time of PV system. In 

order to utilize the proposed MPPT methods using Matlab/Simulink platform, the PV array is modeled in on environment including 

converter for load[3].The proposed PV system includes a 1KW PV paneled-DC boost converter, load and MPPT controller will involved 

for a comparative analysis. 

MATHEMATICAL MODEL OF 1KW PV SYSTEM 

PV system consist of a 1kw solar array dc-dc boost converter mppt control load and sensors, these are different types 

of dc to dc converter are available to transform the generated PV power to load. But the selection of exact type of dc-dc 

converter depends On the proposed system voltage level involved .In this paper a dc to dc boost converter with dc filter in 

PV system side is involved [3].The equivalent circuit formation of a PV cell is discussed below. 
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Figure 1. Equivalent circuit of solar cell 

Figure 1. Shows the equivalent circuit model of single diode solar cell. Here Ro is load resistance, Rs is the series resistance and Rsh is 

the shunt resistance. The current of PV cell can be equated by, (2.1) 

 

I0 = Iscr/ [eqVoc/kT − 1]    (2.1) 

Where, 

 Iscr –Is the short circuit current generated by photon 

 K-Is the Boltzmann’s constant  

 T-Is the cell operating temperature in Kelvin (k) 

 q-Is the charge of the electron 

 Voc- Is the open circuit voltage 

ns and np are number of starting connected in series and parallel respectively. Where ns, decides the voltage and np decides the current 

requirement of PV panel. The series PV cells connected together to form one starting. The series and parallel connection of starting from 

array [4]. The output current of PV module is given as, (2.2) 

Io = npIph˗npIsr[e(k0 ×
V0

ns
− 1]    (2.2) 

Where, 

 Io-PV array output current 

 Vo-PV array output voltage 

 Ipv-Current generated by PV cell which is directly proportional to solar irradiation (w/m2) 

 Isr-Cell reverse saturation current and it depends on temperature (T) 

 Ko-Constant 

 Ko-q/kTA 

 

Where A is p-n junction Ideality factor [4]. From equation (ii) Ipv is calculated as follows, (2.3) 

  

Ipv = [Iscr + ki(T˗T0)]G/100   (2.3) 
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Where, 

 G-Irradiance (w/m2) 

 T- Cell operating temperature 

 T0-Reference temperature 

 Ki-Shotr circuit current co-efficient 

The reverse saturation current Isr is calculated as, (2.4) 

Isr = Irr[T/T0)e(qEg/KA[/T0˗1/T])   (2.4) 

Where, Irr is reverse saturation current at to Eg is band gap energy of semiconductor recommended in the cell. By changing T, G, ns, 

np and Vpv any of their five parameters, a specific PV module can be simulated. The electrical specification of the 1kw PV system is 

shown in table 1. 

Table 1. PV array specifications 

SL.NO. PARAMETER VALUE 

1 Number of parallel string 4 

2 Number of series string 1 

3 Maximum Power [Pmax] 1000W 

4 Array Voltage at [Vmpp] 119.6V 

5 Array current at [Impp] 8.35A 

6 Array open circuit voltage[Voc] 148.4V 

7 Array short circuit current[Isc] 8.92A 

8 Voc Temperature co-efficient -0.32%/0C 

9 Isc Temperature co-efficient +0.04%/0C 

 

DC-DC boost converter is extracted from power converter family is constructed with inductor, diode, IGBTas a switch output capacitor 

and load. The inductor current increase only when switch is closed and if the switch is opened both inductor voltage and supply voltage 
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are directed through load. These the higher output voltage is appeared across the load [5]. The Simulink model of proposed boost 

converter is shown in figure 2. 

 

Figure 2. Simulink model of dc-dc boost converter 

 

 

II. MPPT METHODS 

2.1. Perturb And Observe Method 

This algorithm does not require previous knowledge of PV generator characteristic and it is easy to implement [6]. In this type the 

power stability is maintained by varying supply voltage. In this method the output power is continuous measured and composed with 

previously measured power. As the name implies this method is based on the perturbation of the system by increasing/decreasing the 

duty cycle for the boost converter and then observing the charge on the output power to makes possible change on duty cycle. If the 
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values of current power Pk of the generator is greater than the last value Pk-1then the same some previous algorithm direction is 

maintained otherwise the perturbation direction of P&O algorithm in shown in figure 3. 

 

Figure 3. Flowchart of the P & O algorithm 

 

3.2 Incremental Conductance Method 

This method uses the slope of PV array power characteristics to track the maximum power as shown in figure.4. Incremental conductance 

method is based on the truth that the slope of PV array power curve is zero at maximum power point (dp/dv=0) positive for values of 

output power smaller than maximum power point (dp/dv>0)and negative for values of the output power greater than maximum power 

point (dp/dv<0) [7][8]. On the derivative of the array power is zero the tracking power is ended but is not easy to maintain the system 

stable at bad weather conditions due to frequent charge in temperature and irradiance levels. Now a day’s variable step-size or adaptive 
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step size INC methods are induced and extract maximum power without fluctuation for a PV array the generalized power equation is 

given as, (3.1) 

 Ppv = Ipv × Vpv        (3.1) 

Where, 

 Ipv=Array current 

 Vpv=Array voltage 

 Ppv=Array power 

INC method is based on differentiation of power with respect to voltage and equate it to zero in equation (3.2)  

 

D(Ppv)/d(Vpv) = d(Ipv × Vpv)/dVpv = Ipv × dVpv/dVpv + Vpv × dIpv/dVpv = 0 (3.2) 

 

  dIpv/dVpv = ˗Ipv/Vpv      (3.3) 

 

The above equation (3.3) it is clear that IPV/VPV is noting but Instantaneous conductance and dIPV/dVPV is Incremental conductance and 

in the power curve slope where these two values are equal in said to be maximum power point region. 

 

Figure 4. PV curve of PV array 

In each sample the operating point of maximum power point evaluated as there groups, 

 𝐝 𝐏𝐏𝐕/𝐝𝐕𝐏𝐕 > 𝟎;  𝑾𝒉𝒊𝒄𝒉 𝒎𝒆𝒂𝒏𝒔 𝑽𝐏𝐕 < 𝑽𝐦𝐩𝐩    (3.4) 

 

dPPV/dVPV = 0;  Which means VPV = Vmpp     (3.5) 

 

dPPV/dVPV < 0;  Which means VPV > Vmpp     (3.6) 

 

The algorithm of the Incremental Conductance method is shown in figure 5. 
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Figure 5.  Flowchart for INC algorithm 

The major advantage of INC method is that it is more stable and compactable with rapidly changing climatic conditions [9]. 

3.3 ANFIS Maximum Power Point Tracking Technique  

3.3.1 Mppt Design 

ANFIS is a control technique for Sugeno-type fuzzy systems. It is a combination of two learning techniques such as ANN and 

FUZZY logic system into a single machine. ANN is based on statistics training, while fuzzy logic is based on skilled knowledge. ANFIS 

has a feature of input-output mapping of training data sets when it is trained with enough number of epochs [10]. After the values of 

membership functions are adjusted one, the developed ANFIS model becomes a learned model which is ready to be used for the so lar 

maximum PowerPoint tracking application [11]. This technique has six layers including 0th layer (input layer).  

They are as follows: 

Layer 0: Input layer which is passive in nature. In this layer PV array voltage and current are provided as the input. 

Layer 1: Inputs are provided for each individual nodes N1 to N7 i.e., for 7 nodes. It is also called as membership layer, where all the 

neurons are provided with the membership data pattern values. 7 linguistic variables that are used for the fuzzy theory to describe the 
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membership functions. Relation between input and output membership functions of this layer are denoted by Equation (3.7) and Equation 

(3.8) 

Y1
1i = μi  Ni  (θ) i = 1,2 … 7       (3.7) 

Y1
1j =  μj Nj (θ′) j = 1,2 … . .7        (3.8) 

Where, 𝒀𝟏
𝟏𝒊 , 𝒀𝟏

𝟏𝒋 represents the layer 1 output nodes and, 𝝁𝒊 𝑵𝒊 , 𝝁𝒋𝑵𝒋 represents the layer 1 membership functions. Memberships 

are bell shaped with maximum value 1 and minimum value 0. Bell shaped membership functions represented by Equation (3.9) and 

Equation (3.10) with the required parameters. 

F(θ; A B C) =
1

1+|
θ−C

A
|
2B         (3.9) 

F(θ′; A B C) =
1

1+|
θ′−C

A
|
2B         (3.10) 

Where, A, B parameters vary the width of the curve and the parameter C locates the center of the curve. For this, the parameter B 

should be positive. A, B and C parameters are also said to be as premise parameters. This layer checks the weight of each membership 

function. It takes all its inputs from the 0th layer and computing the membership values specified the degree to all the input pattern 

values. Here all crisp values are converted into fuzzy sets by the process called fuzzification. 

Layer 2: Pre-condition matching of fuzzy rules is performed using Equation (3.11) in this layer, i.e., activation level of each rule 

gets computed in this layer. Number of fuzzy rules decides the number of layers in the model. All pattern values are fired and those fired 

values are normalized in this layer. Neurons receive the input information from the previous layers, which represents the fuzzy sets. If 

neurons have a greater number of inputs, then the conjunction of all rules is processed by fuzzy operation. This operation is used to 

combine the multiple inputs to form suitable fuzzy rules. Here, the numbers of neurons that are processed are 49. 

Y′
2 = μ Mi (θ) And μ Mi (θ′)        (3.11) 

Layer 3: This layer is also called as Norm layer, which provides the output values from the weighted sum of previous inputs from 

inference of the rules. Each neuron of this layer performs the normalization, and those outputs are called normalized firing strengths that 

are given by Equation (3.12) 

Y3
′ =

Y′2

∑ Y′2ii
 Where i=1, 2…. M        (3.12) 

It is a fixed node where it also calculates the ratio of ith rule activation level to that of all fuzzy rules. 

Layer 4: This layer integrates the weighted sum of previous inputs. It is an adaptive node that calculates the contribution of ith rule 

towards the overall output, i.e., in this defuzzification process of fuzzy system takes place with the weighted average method. So, it 

gives the crisp output by defuzzifying of the entire layer’s fuzzy output. ANFIS applies a standard defuzzification process by including 
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the centroid technique. And the overall output is represented in Equation (3.13). In this layer all the neurons are trained by least square 

estimation to produce the optimum output. 

Y4
′ =  Y3

′ = ∑ Mi
M
i−1 θ +  Niθ

′ + Ri where i = 1,2 … . M     (3.13) 

Where, M1, M2…MM, N1, N2…NM and R1, R2…RM are the consequent parameters of the layer. 

Layer 5: It has a single neuron that produces the final output that has the weighted sum of all integrated outputs of the previous layers 

and hence termed as an Output layer. Then the final output is given by Equation (3.14) 

Y5
′ = ∑ Y4

′
i           (3.14) 

Where, 

         𝐘𝟓
′
 is the 5th layer output and 𝐘𝟒

′ 𝐢s the 4th layer output.  

The output of ANFIS model is the change in duty cycle ΔD. ANFIS MPPT coding is done on MATLAB m-file to create ANFIS 

file [12]. The ANFIS structure created in simulation’s shown in Figure 6. The steps involved for creating a simulation model is as 

follows: 

 

Figure 6. ANFIS structure generated by the matlab 

Step 1: Generation of Training And Checking Data  

1KW solar array with load resistance is simulated in MATLAB/ SIMULINK which is presented in chapter 2 for the condition from 

open circuit to short circuit by varying load resistance. Input-output pairs of 57 data sets i.e., panel voltage, current and duty cycle are 

http://www.ijcrt.org/


www.ijcrt.org                                                              © 2022 IJCRT | Volume 10, Issue 10 October 2022 | ISSN: 2320-2882 

IJCRT2210087 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a745 
 

generated for the condition from open circuit to short circuit [13]. The ANFIS model data is shown in the Table 2. Figure 7. Shows the 

training and checking data correlation curve. 

Table 2.  ANFIS model data 

SL.NO. PARAMETER VALUE 

1 Number of nodes 131 

2 Number of linear parameters 49 

3 Number of nonlinear parameters 42 

4 Total number of parameters 91 

5 Number of training data pairs: 1000 

6 Number of checking data pairs 0 

7 Number of fuzzy rules 49 

 

 

Figure 7. Training and checking data plot 

 

 

Step 2: Configuration of Fuzzy System for Training  

Seven numbers of triangular membership functions are chosen for input and output control parameters. The plotted membership 

functions of 2’ numbers of input such as Vpv and Ipv are shown in Figures 8(a). and 8(b). respectively. 

 

(a) 
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(b) 

Figure 8.Membership functions Inputs (a) & (b) 

Step 3: ANFIS-Training  

ANFIS training is done for 100 epochs; rule viewer is shown in Figure 9. The 49 rules are shown in Fig. 11. The ANFIS generated 

surface’s shown in Fig. 10. Which is a 3D plot between PV voltage PV current and change in duty cycle. 

 

Figure 9. ANFIS MPPT rule viewer 

 

Figure 10. ANFIS MPPT surface viewer 

Step 4: Checking data command (chkdata) through MATLAB is used to prevent MPPT model form over fitting during training. Figure 

12. shows the training and checking error profile for 100 epochs. The result of the training is as follows: trnRMSE = 0.00104; chkRMSE 

= 0.075. 
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Figure 11.ANFIS MPPT rules 

 

Figure 12. Epoch Vs training error 'o', check error 'x' 

The proposed 1KW PV system is performed with three different MPPT techniques namely, Perturb and Observe method, Incremental 

conductance Method and Artificial neuro fuzzy inference system. The performance of each MPPT controller is separately observed as 

shown in figure 13. 
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Figure 13. Block diagram of proposed PV system 

III. RESULTS AND DISCUSSIONS 

Figure 14. shows the I-V and P-V output characteristics of 1KW PV system with different temperature (15°C, 25°C and 45°C) at 

standard irradiances (1000W/M2). The Maximum voltage is 119.6V, Maximum current is 8.35A and Maximum Power is 1KW are 

observed. Figure 15. shows the I-V and P-V characteristics of 1KW PV system with different irradiances (100W/M2, 500W/M2 and 

1000W/M2) at standard temperature (25°C). 

As the result, INC method is unstable due to oscillations in output waveforms (reference in figure 16. violet color for INC MPPT) 

but settles faster than P-&-O and ANFIS methods. P-&-O method is also unstable but less oscillation in output parameters when 

compared with INC MPPT method (reference in figure 16, green color for P-&-O MPPT). ANFIS MPPT controlled configuration 
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performs well without any oscillations on output side parameters when compared with hill climbing techniques as shown in figure 16. 

(red color for ANFIS). 

 

Figure 14. I-V & P-V Characteristics of 1KW PV system for standard irradiances (1KW/M2). 

 

Figure 15. I-V & P-V Characteristics of 1KW PV system for standard temperature (25°C). 

 

Figure 16. Comparison of Load voltage, current & Power waveforms.  

IV. CONCLUSION 
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The mathematical model of IKW PV system is developed using MATLAB/SIMULINK as presented in section 2, which is used to 

test its stability and efficiency with different maximum power point tracking controllers. In this paper, the most commonly used MPPT 

techniques such as Perturb & observe method, Incremental conductance method (Hill climbing methods) and artificial neural based 

fuzzy inference system (ANFIS) are compared. The duty cycle of DC-to-DC converter is driven by ANFIS MPPT controller which 

ensures the load power stability and enhanced overall system efficiency. Figure 16 shows the comparative analysis of P-&-O, INC and 

ANFIS MPPT controller performance on Load voltage, Load current and Load power waveforms. It is very clear that ANFIS controller 

has proved its excellence and stability on load side by zero ripple in load side parameters. It also extracts maximum power for variable 

climatic conditions and supplied to load at same quantity as compared with other hill climbing methods as shown in Figure 16. The 

observations made in this paper are simulated in SIMULINK platform; the physical observation may vary due to hardware selection. 
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