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ABSTRACT 

In this paper, the neural network (NN) based Maximum Power Point Tracking (MPPT) controller is provided for the 

PV platform that integrates the grid. The grid connected PV system has its advantage of as it does not require storage 

system and provide efficient power utilization. The proposed system consists of PV array made from the combination 

of series parallel connected PV modules, boost converter on which MPPT is incorporated, single-phase voltage source 

inverter and the grid. Complete system is modeled and simulated using MATLAB/ Simulink and NN is trained using 

the neural network toolbox. To validate the accomplishment of the proposed MPPT controller, comparative study is 

performed with conventional other MPPT controller. According to the investigation, the suggested NN-based MPPT 

controller exhibits higher performance and yields satisfying results. 

PERIODICO di MINERALOGIA                                                                                                           Volume 91, No. 4, 2022

                                                                                                                                         https://doi.org/10.37896/pd91.4/91474

ISSN: 0369-8963

Page 1129



 
 

Keywords: MPPT, ANN, Artificial intelligence, Solar Photovoltaic, other MPPT controller,grid 

connected  

INTRODUCTION 

With variable forms of energy such as sun, storm, and seas, a technique known as MPP 

tracking (MPPT) is utilised to capture the most energy possible in any situation. The extensively 

used perturb and observe (P&O) as well as incremental conductance (INC) approaches possess 

advantages like ease of administration, and they often battle with picking the best perturbation step 

or increment size while considering the trade-off between arrival rate and fluctuationIn order to 

resolve these problems and offer quicker convergence and less fluctuation, an MPPT technique for 

grid-connected solar (PV) systems uses the golden section search (GSS), P&O, and INC 

techniques. By periodically reducing the interval's breadth at the pace of the golden ratio, the MPP 

is achieved, which causes convergence to the solution. The proposed MPPT approach was tested 

on a PV system comprising a Pv module, boost controller, and amplifier [1]. Because of weather 

fluctuations, the non - linearity of a solar PV system's output seriously influences the system's total 

production. Different maximum power point tracking (MPPT) techniques are being used to raise 

a PV system's yield.. The majority of them have discussed a select few MPPT techniques, but none 

have simultaneously discussed offline and online under constant and hybrid MPPT in non-uniform 

solar irradiation conditions. Sadly, there haven't been many attempts made in this direction. 

Therefore, it is imperative that a thorough review paper on this subject be written soon, in which 

nearly all of the well-known MPPT strategies should be included. In both uniform and non-uniform 

irradiance situations, this paper focuses on classifying online, offline, and hybrid MPPT 

optimization algorithms [2]. The efficacy of renewable panels generating methods employing 

nonlinear system management in variable structure in MPP tracking is examined and evaluated in 

this study (MPPT). The peak power is monitored by this regulator using a buck-boost dc / dc 

converters. A grid filter, a voltage-source inverter, and dc-link capacitor are also included in the 

proposed controlled solar panel system. The energy of the capacitor in the dc-link is managed 

through power management. In a dq rotating frame, the inverter is controlled by space vector pulse 

width modulation (SVPWM) with current regulation. A recommended system was modelled as 

put through a number of operational scenarios[3]. Difficult problems need be solved when PV 

systems are linked to the grid. Inter-harmonics in PV systems provide one of the difficulties, 

particularly if PV systems are used on a broad scale. Despite the fact that the literature has 
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documented inter-harmonics' effects, the origins of inter-harmonics remain a mystery. The 

properties of inter-harmonic production in PV systems are therefore explored in this research. The 

investigation demonstrates that one of the causes of inter-harmonics in the grid current is a 

disturbance caused by the peak power tracking algorithm. The perturbation sampling rate and 

stepping count, for example, are MPPT controller parameters that invariably affect the inter-

harmonic characteristics [4]. In two-stage grid-connected PV systems, a Constant Power 

Generation (CPG) control and a Maximum Power Point Tracking (MPPT) control were typically 

employed to realize the powerful performance. The MPPT control estimate that amount of PV 

power that is available. This strategy is sensor-free and less expensive since it does not rely on the 

irradiance levels and heat data which has been utilized in traditional power reserve management 

systems to calculate the potential Harvested energy. A three-kW, 2-stage, PV system with a mono 

grid connection has undergone experimental testing where the power reserve regulation is 

accomplished based on demand [5]. The proposed control method always results in high 

productivity and reliable performance, regardless of sun irradiation levels. Any set-point may be 

used to manage the PV output power, and it can also cause PV systems to run without stability 

issues on the greatest power point's left side. According to innovative findings, the suggested CPG 

control is successful about large precision, quick changes that are steady and dynamic [6]. To 

increase PV module utilization and maximize solar energy extraction, single-phase and three-

phase multilevel inverters are controlled using a distributed MPP tracking (MPPT) control 

approach. This technology allows for the independent management of each dc-link voltage. PV 

mismatches may produce imbalanced supplied power for three-phase grid-connected applications, 

which might result in unbalanced grid current. A control strategy using modulation compensation 

is also suggested to address this problem. Nine H-bridge modules were used to construct an 

experimental three-phase, 7-level cascaded H-bridge inverter (3 modules per phase)[7]. 

Particularly in the US, the MIC industry has developed from a specialist business to a mainstream 

one. In large photoelectric setups, including such megawatt (MW)-class solar plants, at which a 3 

phase ac interconnection is employed, this article presents the micro inverter concept, assuming 

future growth of the MIC industry. A elevated 3 phase MIC featuring 2 -stage zero voltage 

switching (ZVS) operation is recommended in grid-tied PV systems as a result of the creation of 

solar photovoltaic farm system topologies. As a result, MW-class solar farms will become more 

reliable, more dependable, and more scalable. A rising full-bridge LLC resonating dc generator 
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with a Pv module interface and a dc bus voltage makes up the first phase. A center iterating selected 

ideas method created especially Resonance frequency structures are utilized with LLC monitors 

the PV panel's highest power point. The stage two is a 3 phase dc-ac inverter device which uses a 

straightforward smooth technique without any of the addition of any extra parts. This 3 phase dc-

ac inverter modelling also the control methodology are discussed. Due to the crucial function that 

the dc-link capacitor plays in two stage MIC, the computation of capacitance is provided under 

type D voltage dip situations. [8]. 

This electrical distribution system which is connected to the ac power by a dual-directional 

inverter. In this setup, there are 2 MPPTs and 2 PV strands. To handle the large Output of the solar 

power spectrum, the suggested MPPT design includes buck and boost converters. The online PV-

string setup check is done to precisely identify the input current of MPPTs. For tracking the 

greatest power point, the perturbation and observation approach is used. Additionally, it is possible 

to perform the parallel current balancing of two MPPT modules. The mode transition and the 

perturbation and observation technique are then shown. The online PV-string setup tests and the 

current balancing flowcharts are described[9]. By merging the most recent MPPT approaches, we 

provide an accurate and rapid monitoring performance. The solar power system records the 

maximum power point (MPP) using a resources at all levels multipliers, which is used in this case 

to calculate the power slope status of the solar array. The suggested technique can quickly and 

accurately monitor the MPP (97.3%), according to empirical evidences [10]. The most significant 

disruption occurs when there is a sensible difference in the irradiance levels of various modules; 

in this situation, voltage-limitation criteria may not be met. A PV system with a mono grid 

connection that uses a dependable perturb & observe method called extremum-seeking control to 

perform each individual MPPT. [11]. 

SOLAR PV CELL 

Sunlight is converted into electrical energy using solar PV cells, which are semiconductor devices. 

The intensity of the sun's rays, the temperature, and the fundamental features of the cell material 

all affect a solar cell's efficiency. To estimate the measurement, the load must then be converted 

into an analogous circuit using a real load. The PV cell simulation model will influence the solar 

panels' output capacity by adjusting the ambient temperature and light intensity. It can take the 

external climate's impact on its ability to produce goods into better consideration. 
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The characteristics of current-voltage (I-V) are shown in Fig.1a at various irradiances of 200 

Weber/meter2, 400 Weber/meter2, 600 Weber/meter2, 800 Weber/meter2, and 1000 Weber/meter2 

in 25 C. Variations in solar voltage and current result from variations in sun irradiation. The 

capacity of the solar cells to produce light is seen in Fig. 1b. Even with constant PV Constant light 

intensity is the primary power point that is ideal for maintaining cell temperature.

 

Figure 1. Solar PV module 1Soltech 1STH-FRL-4H-255-M60-BLK characteristics curve a. 

amperage graph, and b. graph for power-voltage. 

ARTIFICIAL NEURAL NETWORK BASED MPPT TECHNIQUE 

As depicted in Fig. 2, the suggested simulation out of solar Power system built on ANN was 

created using MATLAB/Simulink. One Soltech solar panel is employed here. The electrical 

specifications for the solar PV panel are shown in Table 1. The Switches block and ANN MPPT 

are the two key components of the simulation study. A comparator in the MPPT module for ANN 
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compares the ANN output voltage, V1, and the PV system frequency. The generated voltage from 

the solar array serves as the comparator's reference voltage. A duty cycle signal is produced by the 

Proportional Integral Derivative (PID) controller in accordance with difference between V and V1. 

The gate signal generated by the PWM generator in a boost converter triggers IGBT, which is 

housed in the switching block. The duty ratios of the PWM is regulated by the frequency difference 

between the comparator. The optimum correlation between the ANN algorithm's training value 

and aim assures a PWM with a constant duty cycle, whereby smooths the IGBT's switches 

activities. The simulation time coincides with the input data transfer time since the solar data 

subsystem progressively feeds irradiance and array temperature to the PV array. Heating of the 

solar panel and radiation from the sun affect how much electricity is produced by solar panels; as 

a result, (1) and (2), respectively, generate the Luminous flux and heat source data sets for ANN. 

Figure 2. Proposed MPPT energy recovery model using ANN and 1Soltech  1STH-FRL-4H-255-M60-

BLK solar PV panel. 

Irradiance Ir(W/m2) 

 Ir = [(IrMax - IrMin) x Rand]+IrMin                                                                                (1) 

Temperature T (C) 
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T = [(TMax - TMin) x Rand]+TMin                                                             (2) 

Maximum Voltage_ VMP(V) 

T = [(TMax - TMin) x Rand]+TMin                                                        (3) 

Maximum Current_ IMP (A) 

T = [(TMax - TMin) x Rand]+TMin                                                        (4) 

Maximum Power, PMP(W) 

            PMP = VMP × IMP               (5) 

According to Table 2, the maximum produced voltage, temperature, and solar irradiance 

are used to construct the MPPT technology for ANN (appendix). The solar PV array receives 

chosen data about sun irradiance and temperature from the solar data subsystem. Equations (3) 

through (5) are used to determine the solar panel's maximum produced voltage (VMP), maximum 

current (IMP), and maximum power (PMP), respectively, under different irradiation and 

temperature conditions. The solar panel's produced voltage is regarded as the neural network's 

output data. The input and output information for building the MPPT technique are the regulated 

volts, rated current, and thermal resistance of the 1Soltech 1STH-FRL-4H-255-M60-BLK solar 

panel. The standard temperature, Ts, and irradiance, Gs, are taken to be 1000 W/m2 and 250 C, 

respectively. The greatest and minimum amounts of light are taken as 1000 W/m2 and 0 W/m2, 

respectively. Similar to this, 35°C and 15°C are regarded the highest and lowest temperatures, 

respectively (Tmax and Tmin). The suggested system's ANN algorithm is shown in Fig. 3 hidden 

behind an ANN block. The NN toolbox function "genFunction" creates the suggested ANN 

algorithm. Here, data are chosen, a network is built and trained to assess performance using the 

appropriate use of the MATLAB/Simulink ANN toolkit. A 2-layer feed - forward neural networks 

with linear output nodes and sigmoid hidden layers can be utilised to resolve multi-dimensional 

mapping problems, according to empirical data. The chosen solar panel's irradiance, temperature, 

and generated voltage are monitored using 1000 datasets to construct the neural network. Thirty 

percent of the data are utilised for testing, fifteen percent for validation, and seventy percent for 

training. Ten neurons are considered for the hidden layer while building a feedforward network. 

The damped least-squares approach, commonly known as the LM algorithm, uses the mean 
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squared error (MSE), which is the typical squared discrepancy between outcomes and goals. The 

traditional L-M technique gains advantages by utilizing two strategies. 

Figure 3. The developed block of ANN algorithm. 

 

SINGLE PHASE FULL BRIDGE INVERTERS 

This project has made use of voltage source inverters (VSI). A single-phase square wave 

voltage source inverter generates output voltage with a square form for a single-phase load. The 

power switches in these inverters must work at significantly lower frequencies than switches in 

some other types of inverters, which will be covered in a later section. Full bridge topologies are 

typically used in single-phase inverters. For further understanding, the power circuits of various 

topologies are rebuilt in figure 4. The aforementioned topologies are examined assuming optimal 

circuit conditions. The switches are therefore considered to be lossless, and it is considered to 

remain constant is the input power (Vd). 

 

 Figure 4. Single phase full bridge inverters 
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The resistor, inductor, and capacitor (RLC) circuit functions as a low band pass sort. 

Between two predetermined frequency bands, a low filter circuit  the information. In the RLC 

circuit, the inductor charges and the capacitor discharges in resonance, causing oscillations. This 

is resolved by adding a resistor to the circuit, which has the dampening effect of reducing the 

current flow. Since the dampening effect lessens harmonic distortions, electricity is transmitted 

more smoothly. 

RESULTS AND DISCUSSION 

To correlate the sequential delivery of 1,000 input data points for the PV array with the simulation 

time, the recommended model for solar energy harvesting is run for 1000 seconds. Discrete 

simulation is used in place of continuous simulation for the best analysis. How successfully an 

ANN predicts the future depends on the quantity of the learnt dataset as well as the training 

methodology. The ANN typically forecasts low error for the sizable training dataset. The required 

information for the solar panel is provided by the look - up table, which is synchronised by a clock 

(solar irradiance and array temperature).The applicability for solar energy harvesting is 

represented in this research by a comparative analysis of three methods. Measures like regression, 

mean square error, gradient, momentum parameter (Mu), and validation check are widely used to 

assess the efficacy and accuracy of any method for the training dataset. Regression demonstrates 

the capacity to forecast when the output is a function of the inputs, whereas error is determined by 

deducting the output from the intended outcome. The neural network uses three different kinds of 

samples: training, validation, and testing. The network is updated based on its mistake after using 

the training to train the dataset. Training is halted during fault handling while validation is 

employed to generalize the network. The training of the dataset is unaffected by testing, which 

provides a metric of network performance that is independent both during and after training. For 

the training dataset, an epoch denotes one cycle. A neural network must go through many epochs 

of training. Iterations are the number of groups or steps for partitioned packets of training data 

necessary to complete one session, which is connected to an epoch. Heuristically, it provides an 

opportunity for the network to view the prior data and revise the model parameters. The last few 

data points during training did not cause the model to be biased. The gradient is a numerical 

computation used to modify the ANN's parameters in order to reduce the output divergence. 
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It is a multivariable derivative of the loss function for each matrix or vector that describes a 

system's parameters. To avoid the local minimum problem, which the ANN occasionally 

encounters and fails to resolve, the Mu is integrated into the weight update phrase. Its value, which 

is between 0 and 1, has a direct impact on the convergence error during dataset training. It is the 

verification check that represents error detection in learned data. On one or more selected error 

metrics, an ANN prediction model's evaluation and validation is predicated. The ANN approach 

approximations a function by using a continuum error matrix, such as Mean Absolute Error 

(MAE), Mean Square Error (MSE), or Root Mean Square Error (RMSE). After being summed up 

across all of the inputs and outputs in the validation set, the errors are normalised based on the size 

of the validation set. The mean square error, also known as the average error, calculates the average 

squared difference between the expected value and the actual value. Each data instance is subjected 

to a loss function squared and averaged across the full dataset in order to optimise the entire 

predictive model process. The ANN alters its projected output in proportion to its actual output 

using the error minimization technique, often known as backpropagation. 

In place of continuous simulation, discrete simulation is employed for optimum analysis. The size 

of the learned dataset and the Levenberg-Marquardt training technique affect how well an ANN 

predicts the future. For the vast majority of the training dataset, the ANN typically forecasts little 

error. The lookup table, which is synced by a clock, provides the input information (solar irradiance 

and array temperature) to the solar panel. 

For the training dataset, metrics including extrapolation, mean square error, grade, velocity 

parameters, and verification check are frequently used to evaluate the effectiveness and precision 

of the Levenberg-Marquardt approach. Regression shows the predictive ability when outcome is a 

function of inputs, whereas inaccuracy is calculated by subtracting outcome from the target. 

Training, validation, and testing samples are the three main types of samples used by the neural 

network. The network is tweaked based on error once the dataset has been learned using the 

learning. Validation is used to generalize the network when training is suspended during fault 

handling. In contrast, testing provides a neutral means of evaluating network performance prior to, 

during, and following learning which has no impact on the learning of the dataset in Figure 5. 
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Figure 5. ANN Training Toolbox 

The output generated voltage and the target generated voltage of the selected photovoltaic array, 

as well as the output generated energy as predicted by the input, are perfectly correlated, as shown 

by the regression plot for the ANN in figure 4 regression with R = 1. The most common method 

for identifying errors is to subtract production from the aim. The data is precisely trained using the 

Levenberg-Marquardt technique, with little error when the output matches the goal value, 

according to the regression curve in Fig. 6.  

 

Figure 6. Regression plot 
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The learned data set samples are converging with the leading training result at 1000 epochs, 

as shown in Figure 7, which shows the mean squared error for various epochs. As a result, 1000 

epochs is when the trained dataset exhibits its best validation performance. The best validation 

performance, as determined by the simulation results, is 3.4531e-09, which is reached at 1000 

epoch. The Levenberg Marquardt algorithm's MPPT prediction shows low inaccuracy thanks to 

its nearly zero validation performance. 

 

Figure 7. Performance Validation 

The below simulation graphs show that the voltage, current and power increases and 

decreases depending upon weather conditions. If there is no irradiation, the current and voltage 

will lead to zero.  The solar panel electrical output, current and power is depicted in figure 8. 

 

 

 Figure 8. Solar Panel Output 
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Figure 9. Boost Converter Output 

 

Figure 10. Grid Output graph 
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TABLE 1.1 Solar Panel Detail 
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TABLE 1.2 ANN Dataset 

S:NO 
Irradiance  

(W/m2) 

Temperature 

T (◦C) 

VMAX 

(V) 
S:NO 

Irradiance 

(W/m2) 

Temperature 

T (◦C) 
VMAX(V) 

1 906 52 22 37 244 52 22 

2 913 21 33 38 350 57 20 

3 98 43 25 39 251 24 32 

4 547 28 30 40 473 43 25 

5 965 58 19 41 831 31 29 

6 971 22 32 42 550 41 25 

7 485 58 19 43 286 56 20 

8 142 51 22 44 754 49 23 

9 916 34 28 45 568 32 29 

10 959 51 22 46 54 18 34 

11 36 45 24 47 779 39 26 

12 934 53 21 48 130 57 20 

13 758 46 24 49 469 41 26 

14 392 48 23 50 337 16 35 

15 171 44 24 51 794 22 32 

16 32 47 23 52 529 29 30 

17 46 27 30 53 602 22 32 

18 823 19 33 54 654 27 31 

19 317 46 24 55 748 46 24 

20 34 58 20 56 84 35 28 

21 382 35 28 57 913 25 31 

22 795 49 23 58 826 22 32 

23 490 23 32 59 996 39 26 

24 646 35 28 60 443 19 34 

25 755 47 23 61 962 20 33 

26 680 27 30 62 775 15 35 

27 163 44 24 63 869 52 22 

28 498 20 33 64 400 19 33 

29 340 58 19 65 800 27 31 

30 224 41 25 66 911 34 28 

31 255 49 23 67 264 23 32 

32 699 38 27 68 136 22 32 

33 959 55 21 69 580 54 21 

34 139 40 26 70 145 40 26 

35 258 22 32 71 622 53 21 

36 254 53 21 72 513 31 29 
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S:NO 
Irradiance  

(W/m2) 

Temperature 

T (◦C) 

VMAX 

(V) 
S:NO 

Irradiance 

(W/m2) 

Temperature 

T (◦C) 
VMAX(V) 

73 76 33 28 109 171 25 31 

74 123 26 31 110 436 25 31 

75 240 23 32 111 923 29 30 

76 50 34 28 112 185 34 28 

77 945 56 20 113 980 56 20 

78 489 37 27 114 111 35 28 

79 900 30 29 115 409 27 31 

80 111 32 29 116 262 42 25 

81 390 50 22 117 711 42 25 

82 404 26 31 118 117 25 31 

83 132 19 33 119 319 28 30 

84 956 57 20 120 508 34 28 

85 60 41 26 121 262 19 33 

86 353 26 31 122 29 51 22 

87 15 52 22 123 730 57 20 

88 169 17 34 124 579 37 27 

89 732 44 24 125 459 26 31 

90 451 44 24 126 547 58 19 

91 296 40 26 127 232 38 26 

92 189 49 23 128 624 37 27 

93 184 46 24 129 396 46 24 

94 626 32 29 130 988 32 29 

95 81 50 22 131 885 17 34 

96 776 57 20 132 796 56 20 

97 436 37 27 133 262 19 33 

98 306 35 28 134 680 30 29 

99 511 38 27 135 721 21 33 

100 795 52 22 136 654 20 33 

101 379 44 24 137 779 37 27 

102 533 52 22 138 904 47 23 

103 939 31 29 139 334 55 21 

104 550 54 21 140 198 46 24 

105 587 43 25 141 744 16 34 

106 301 24 31 142 480 38 27 

107 230 36 27 143 610 56 20 

108 195 53 21 144 859 43 25 
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S:NO 
Irradiance 

(W/m2) 

Temperature 

T ( ◦C) 

VMAX 

(V) 
S:NO 

Irradiance 

(W/m2) 

Temperature 

T ( ◦C) 
VMAX(V) 

145 577 51 22 181 561 16 34 

146 240 23 32 182 669 55 21 

147 29 55 21 183 369 24 32 

148 168 37 27 184 982 36 27 

149 713 59 19 185 856 22 32 

150 471 38 27 186 376 44 24 

151 682 18 34 187 428 24 32 

152 71 17 34 188 121 37 27 

153 97 38 26 189 226 42 25 

154 818 52 22 190 583 32 29 

155 150 48 23 191 290 26 31 

156 519 45 24 192 265 43 25 

157 649 59 19 193 983 52 22 

158 454 51 22 194 344 48 23 

159 825 34 28 195 108 41 25 

160 133 19 33 196 880 56 20 

161 391 23 32 197 261 52 22 

162 803 52 21 198 23 42 25 

163 399 18 34 199 313 34 28 

164 417 39 26 200 179 22 32 

165 628 45 24 201 94 34 28 

166 432 28 30 202 471 42 25 

167 984 16 35 203 700 46 24 

168 106 23 32 204 34 44 25 

169 198 32 29 205 320 18 34 

170 339 37 27 206 654 39 26 

171 920 58 20 207 820 33 28 

172 738 17 34 208 969 47 23 

173 423 27 30 209 325 39 26 

174 943 40 26 210 611 20 33 

175 983 34 28 211 423 50 22 

176 701 29 30 212 266 19 33 

177 539 45 24 213 281 22 32 

178 667 46 24 214 527 35 28 

179 128 23 32 215 875 36 27 

180 171 60 19 216 944 38 27 
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Conclusion 

The requirement for energy on earth is always growing. The two forces that drive the 

energy demand are the technological and economic development of emerging nations and the 

expansion of the human population. The most crucial element in practically all photovoltaic 

applications is tracking the solar panel's greatest power point. Under a variety of meteorological 

circumstances, this study uses an artificial neural network (ANN) based (MPPT). As a result, one 

benefit of using an Artificial Neural Network (ANN) in a photovoltaic (PV) system with 

Maximum Power Point Tracking (MPPT) is that its dynamic performance is superior to that of 

other approaches. 

For usage in MPPT energy harvesting in solar PV systems, the performance of Levenberg-

Marquardt, Bayesian Regularization, and other MPPT approaches are compared. A two-layer 

feedforward neural network from the ANN toolbox is trained using real-time input datasets for 

solar irradiance, panel temperature, and output dataset for Vmpp. The ANN algorithms are trained 

on 1460 datasets to choose the optimum method. In terms of total data processing, the Levenberg-

Marquardt technique performs better with practically 0% error in the middle epoch. The 

momentum parameter's near-zero value, the gradient, and the 1000 epoch validation tests support 

the Levenberg -Marquardt algorithm's improved performance for the proposed MPPT energy 

harvesting. The maximum power point is also monitored using the dc-dc boost converter. 

Therefore, solar energy produces more electricity and is more efficient. 
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