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Abstract- As the external factors contribute significantly to the effective functioning of photovoltaic (PV) systems, it is urgently needed that Maximum Power Point Tracking (MPPT) is the key to the fact that the greatest energy is produced. The present paper analyzes the application of the artificial intelligence (AI) methods to determine the Maximum Power Point (MPP) of dynamic photovoltaic (PV) generating installations. The machine learning and neural networks artificial intelligence technologies are employed to predict and regulate the maximum power point (MPP) under the varying irradiance and temperatures conditions alongside the conventional maximum power point tracking (MPPT) protocols. These artificial intelligence (AI) technologies enhance energy conservation and system responsiveness by the dynamic adaptation to changes in a real-life environmental scenario. Additionally, the paper also examines the application of the liquid immersion cooling principle to the solar cell structures in order to increase temperature control. The cooling system is to lessen the quantity of efficiency loss in the PV panels because of thermal considerations by installing the panels in a thermally conducting liquid, which has the effect of ensuring that sufficient heat is removed, and, therefore, that optimum operating temperatures are maintained. Liquid immersion cooling combined with AI-based Maximum Power Point Tracking (MPPT) can result in substantial increases in the power output and the energy consumption. empirical evidence indicates that smart control and improved cooling can achieve high reliability, higher overall system life, and higher generated power. The given article outlines the strategy of enhancing the energy efficiency and environmental friendliness of photovoltaic (PV) systems in the future, including artificial intelligence (AI) and novel cooling techniques.
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INTRODUCTION
Solar photovoltaic PV systems convert the heat of the sun into electricity which can be used. These devices can be helpful both in independent systems deployed in remote areas and systems that are linked to the power grid. It is important to power the photovoltaic (PV) systems to its MPP in order to maximize the efficiency of photovoltaic systems. Maximum power point tracking (MPPT) is a control strategy that was created to enhance photovoltaic (PV) system efficiency by ensuring that their direct current (dc) power (Pdc) output is maximized when operating under varying climatic and load conditions. The high price of solar systems is one of the challenges that have hindered the transition of fossil fuels to renewable energy but the higher the efficiency of photovoltaic (PV) systems the lower the price has gone [1]. 
The principle of grid connected power systems based on Maximum Power Point Tracking (MPPT) control systems are based on the operation of dc boost converters. These converters may be optimized (by changing the duty cycle) to respond to changes in the intensity of solar radiation and cell temperature, e.g. The Hill Climbing, Incremental Conductance (INC), and the perturb-and-observe are some of the more traditional approaches of the Maximum Power Point Tracking (MPPT) algorithm. The use of artificial intelligence (AI) control in Maximum Power Point Tracking (MPPT) control systems in both standalone and grid-connected photovoltaic (PV) systems can be of significant advantage. 
Fuzzy logic control and genetic algorithm (GA) were used to improve hybrid power point tracking (MPPT). The optimization of Maximum Power Point Tracking (MPPT) systems was performed through a number of methods, such as particle swarm optimization and the Ant colony optimization technique. Hyrbrids are referred to as the maximum power point tracking (MPPT) approaches, which integrate AI with more traditional.
Comparison and analysis of traditional and artificial intelligence algorithms The primary subject of the presentation was Maximum Power Point Tracking (MPPT) algorithms, which tried to emphasize the advantages of applying the AI algorithms to improve the work of photovoltaic electrical systems. The widespread applicability of the artificial neural networks (ANNs) as efficient, accurate, and robust processes is a direct consequence of their successful training. Artificial neural networks (ANNs) can resemble complex mathematical models because of the enormous number of connections between the neurons in the network [3]. 
Artificial Neural Networks (ANNs) are applied when it comes to maximizing Maximum Power Point Tracking (MPPT). Such networks are able to cope with a broad variety of topologies, input signals, and environmental situations. Artificial neural networks (ANN) used in maximum power point tracking (MPPT) systems have two main inputs, cell temperature (Tc) and sun irradiance (G). To maximize the number of neurons to a self-sustaining photovoltaic (PV) system that employs the common ANN input of G and Tc, the genetic algorithm (GA) optimization was employed in conjunction with the artificial neural networks (ANN). The optimisation of MPP search process can be achieved by integrating the ANN and the Genetic Algorithm (GA). 
The training data of the ANN is optimized using the Galois Algorithm (GA). Maximum Power Point Tracking (MPPT) takes advantage of an Artificial Neural Network (ANN), and this paper seeks to improve the architecture of this algorithm in two important dimensions. The first is to instead substitute the two traditional inputs (G and Tc) to the ANN with two others. The calculation of these other inputs is based on the multiplication of Pdc by PV voltage (Vpv). Even though these inputs are common in MPPT based on fuzzy logic, they are not yet supported by Maximum Power Point Tracking (MPPT) based on Artificial Neural Networks (ANNs). 
The reason why the inputs were chosen is demonstrated in the output of the artificial neural network (ANN); that is, they are vulnerable to non-conformity with the point of maximum power. In order to optimize the design of artificial neural networks (ANNs) with the aim of maximizing the power point tracking (MPPT), genetic algorithm (GA) optimization is proposed as an alternative to the conventional manual or trial-and-error approach to design.
 The mean square error (MSE) objective function is dependent on several optimization factors such as the type of activation function, the type of learning algorithm, and the number of hidden layer (HL) neurons. The design of this publication is as illustrated below. Section II simulation Photovoltaic (PV) arrays are simulated in Section II using the one diode model. Power output deviating of the Maximum Power Point (MPP) is typically due to random variation of the surrounding environment.
A short description of a standard strategy (the INC method) is provided in order to compare the two. This is what we provide you with the description of the manually designed ANN and its operation in the case of MPPT. In Section IV we discuss the improvements to the ANN design such that it may operate as an MPPT system. The attained enhancement is more enhable through the application of comparative analysis. The conclusion is also contained in section V.
I. PV ARRAY MODELING 
Photovoltaic cells are arranged in solar panels, which make up solar arrays. Power and voltage capacities are the determining factors in the connection of cells and panels. In most cases, PV cell modeling is necessary for PV array modeling. Numerous photovoltaic (PV) cell modeling approaches are at one's disposal. The one diode model is introduced in this work as an appropriate and straightforward approach to modeling solar cells.
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   Fig.1 Equivalent solar cell circuit diagram
﻿The equations represent the relation between the current (I) and the voltage (V) of a PV cell is presented as:
                                   (1)
                   (2)
                      (3)

I stands for photocurrent, I stands for diode current, I stands for current in parallel resistance (R), and I stands for saturation current.
According to the reference [17], the following symbols stand for several variables: open circuit voltage (Voc), short circuit current (A), solar irradiation (2 W m/), cell temperature (Kevin), band gap (J), Boltzmann constant (k), electron charge (q), and ideal factor (a). When you see the letter "n" after a measurement, it means that the standard test parameters were used, which include 2 G Wm = 1000 /, Tc C 25° =, and an air mass (AM) of 1.5. For applications involving internal cell resistance and contact resistance, series resistance (Rs) is used, while current flow through the cell is controlled by parallel resistance (). 
Glycemic load (G) and charge current (Tc) are two of numerous environmental factors that affect the maximum power point (MPP), according to an investigation of the link between the power output and voltage of a photovoltaic (PV) panel. Figures 2 and 3 show the correlations for various values of G and Tc, respectively, as shown in [6]. For this model, we used a SUNPOWER 305 solar panel—a device with 96 all-back-contact solar cells. These graphs show that the position of maximum power production changes depending on the surroundings. Because these elements are always changing, tracking control systems are necessary for solar arrays to provide the most power possible under all conditions.
II. Artificial Neural Networks for MPPT
In certain domains, artificial neural networks (ANNs) have proven to be a viable alternative to complicated mathematical models, accomplishing tasks with remarkable efficiency and accuracy. Artificial neural networks (ANNs) are used by the Maximum Power Point Tracking (MPPT) system because they can respond accurately and dynamically to multiple environmental conditions. There is a wide selection of activation functions to choose from [7-9].
In particular, the study utilizes a modified form of the MATLAB library grid-connected photovoltaic (PV) array model of 100 kW with ANN as a predictive control (MPPT) model. An integrated system consists of a photovoltaic (PV) array, a dc boost converter, an inverter, a regulatory system to modify the duty cycle, and the electrical grid. The system that was simulated is represented schematically in figure 7. The Artificial Neural Network (ANN) serves as a control system by instructing D on how to adjust Vpv appropriately with the dc- dc 99 boost converter to get maximum output power. Looking at the relationship between direct current (Vdc) of the inverter, voltage of photovoltaic (PV) array (Vpv) and the duty cycle (D).
Although a voltage source converter (VSC) is factored into this model to provide inverter control, the effect of inverter voltages does not form the major target of this study. The Photovoltaic (PV) model in Section II gives the training inputs and objective to the Artificial Neural Network (ANN) to be applied in the track of the Maximum Power Point (MPPT). When the trained ANN has achieved a performance level, which is measured by the mean square error (MSE), it is ready to be used in MPPT. The flow chart below illustrates the numerous steps involved in the training of an ANN to do Maximum Power Point Tracking (MPPT) [10].
The Max Power Point Tracking (MPPT) architecture construction manually unveils an ANN architecture that consists of one output (D), two inputs (G and Tc), and ten neurons in the hidden layer (HL). To excite all the neurons we use the hyperbolic tangent sigmoid function. To optimize the weights, we use the Levenberg-Marquardt algorithm to minimise the mean square error (MSE) between the desired and the output of the ANN.
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                            Fig. 2 Arrangement of artificial intelligence in MPPT technique


RESULTS AND DISCUSSION

Table 1. Variation of Power of PV panel with time for a sunny day
	Time
	Power

	11.018
	29.053

	11.118
	30

	11.476
	33.158

	12.102
	37.579

	12.55
	39.789

	12.684
	41.053

	13.288
	41.368

	13.466
	40.105

	13.556
	39.158

	13.981
	35.368

	14.093
	33.158

	14.585
	28.737

	14.808
	26.211

	15.479
	21.789

	15.703
	17.684

	15.837
	13.579

	16.005
	11.368



Table 2. Variation of Power of PV panel with time for a cloudy day
	Time
	Power

	10.883
	17.684

	11.163
	18

	11.812
	22.105

	12.214
	25.895

	12.952
	29.684

	13.176
	30.316

	13.31
	28.105

	13.645
	26.211

	13.914
	23.684

	14.16
	20.842

	14.495
	18.316

	14.942
	13.263

	15.166
	12.947

	15.468
	12



III. LIQUID IMMERSION COOLING TECHNIQUE
One of the most dependable cooling panel approaches is liquid immersion, however there are others including thermoelectric, active cooling, passive cooling, nanofluid cooling, and phase change material. Solar panels lose some of their heat absorption capacity when submerged in water at a certain depth because the water's refractive index changes. Placing water on top of the panel allows it to dissipate whatever heat it collects, making it cooler overall.
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It is impossible to evaluate the MPPT system's efficacy without first identifying the matching factor. In order to find the matching factor, we divide the maximum power output by the power consumed by the maximum power point tracking (MPPT) system, which monitors the transfer of power from the photovoltaic (PV) module to the load. The graph shows that around 97% of the raw maximum power generated is utilized by the Maximum Power Point Tracking (MPPT) system. In cloudy conditions, the results are the same. A more efficient photovoltaic (PV) module's direct current load alignment is responsible for the performance boost. The energy output of the system for the Maximum Power Point Tracking (MPPT) function, as measured on a monthly basis.
CONCLUSION
[bookmark: _Hlk143732972]The project will help optimize photovoltaic (PV) systems by investigating the effects of optimally implementing artificial intelligence (AI) in Maximum Power Point Tracking (MPPT) and the application of liquid immersion cooling in a strategic way. Maximum Power Point Tracking (MPPT) with AI has proven highly effective in regard to dynamically control in order to track the Maximum Power Point (MPP) under different environmental conditions due to their versatility and proactive character. This also led to the achievement of peak performance relative to conventional procedures and optimum power recovery. The cooler was liquid immersion, which made the system efficient as it cooled the heat and minimized heat loss; working temperatures were reasonable in amount. These advanced AI and the latest cooler techniques resulted in significant advancements in electricity production, system stability and the life of the photovoltaic panel. These findings suggest that AI-enhanced Maximum Power Point Tracking (MPPT) can be served with an appropriate cooling approach to transform photovoltaic (PV) systems into systems that are significantly more efficient and ecologically less harmful. The following research priorities are to extend this technology to the concept of the large-scale solar farms, to explore various models of AI, and to find more effective cooling fluids in various climates and conditions.
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