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ABSTRACT

The demand for power is increasing day-by-day throughout the world. The conventional power sources are reducing
gradually and produce emissions of greenhouse gases to the environment. This issue can be overcome, to encourage
society towards the innovative development of alternative renewable energy (RE) sources. The aim of this paper is to
track MPP from the solar PV array by the proposed Al controller for irradiation changes and comparing results with
PO, FL and ANN based MPPT controllers. Photovoltaic (PV) plant with grid-connected output that uses the Incremental
Conductance Method and Maximum Power Point Tracking (MPPT). Due to interactions between different
semiconductors and variable loads, the input source contains harmonic distortion, voltage sags and swell, and other
power quality problems in the previous convolution method. Solar photo-voltaic (PV) arrays have non-linear
characteristics with distinctive maximum power point (MPP) which relies on ecological conditions such as solar
radiation and ambient temperature. In order to obtain continuous maximum power (MP) from PV arrays under varying
ecological conditions, maximum power point tracking (MPPT) control methods are employed. MPPT is utilized to
extract MP from the solar PV array, high-performance soft computing techniques can be used as an MPPT technique.
Different MPPT techniques have been used to compute MPP and improved efficiency of the PV panel. AIAPO, ANN,
FL and PO MPPT methods have been chosen to obtain this objective. Simulation results showing that the system in
which proposed control method has been used gives better performance and reduce fluctuations of the MPP as compared
to PO, FL and ANN based MPPT technique at rapid changes of irradiation. In order to fabricate a reliable and real time
hybrid system, there is a massive scope of research to develop multi- input renewable energy systems.
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1. INTRODUCTION

This paper focuses on the modelling and simulation of Maximum Power Point algorithms to investigate tracking
efficiency at different atmospheric conditions. Grid-connected output systems are made to convert as much solar energy
as possible into usable electricity. Artificial intelligence, Artificial Neural Network (ANN) and the Incremental
Conductance Technique method are two recommended techniques interface with DC link controller with the reference
voltage in a variety of situations. The demand for power is increasing day-by-day throughout the world. The
conventional power sources are reducing gradually and produce emissions of greenhouse gases to the environment. This
issue can be overcome, to encourage society towards the innovative development of alternative renewable energy (RE)
sources. RE sources are used in grid- connected and can be found in rural and remote areas where the public grid is not
available. A PV system converts solar energy into electrical energy by using PV effect. In a particular environment,
there is only a maximum power point (MPP) due to the non-linear current voltage characteristics of PV systems. The
MPP keeps changing accordingly with the solar irradiation levels and cell temperature. Moreover, the impedance
mismatch between solar panel and the load may reduce the output power. In order to solve this, a DC-DC converter is
used between solar panel and the battery. A maximum power tracking technique will be required to solve the impedance
mismatch. This is done by ensuring that PV array operates at a single operating point where the current and voltage of
the cell provides maximum power output, regardless of the variations in solar radiation In this paper, different MPPT
techniques such as PO, FL, ANN and proposed hybrid for PV system are implemented using MATLAB™ /
SIMULINK™. Based on simulation results, the comparison of PO, FL, ANN and proposed hybrid MPPT method select
electrical power by using semiconducting materials that display the PV impact. It is a has been carried out for finding
MP track from the PV array due to variable irradiations and fixed temperature.

Fig. 1 Solar Cell Equivalent Circuit
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2. MAXIMUM POWER POINT TRACKING (MPPT) CONTROLLER

The role of the MPPT is to match panel output power with load requirements. MPPT controller ensures that a PV
module’s operating point is maintained at the reference voltage that will produce maximum power for varying
atmospheric conditions. The mechanism is based on the principle of impedance matching between source and load, for
maximum power transfer between load and PV array at different operating points. The MPPT controller varies the ratio
between voltage and current to match impedance of a solar array until the operating point provides maximum power for
a given set of conditions. It also ensures a proper charging condition for the batteries and avoids any overcharging and
discharging to improve the battery life.

3. ARTIFICIAL INTELLIGENCE (Al)

Artificial intelligence is the simulation of human intelligence processes by machines, especially computer systems.
Examples of Al applications include expert systems, natural language processing (NLP), and speech recognition and
machine vision. As the hype around Al has accelerated, vendors have scrambled to promote how their products and
services incorporate it. Often, what they refer to as "Al" is a well-established technology such as machine learning
algorithms.

No single programming language is used exclusively in Al, but Python, R, Java, C++ and Julia are all popular languages
among Al developers. How does Al work? In general, Al systems work by ingesting large amounts of labeled training
data, analyzing that data for correlations and patterns, and using these patterns to make predictions about future states.
Al requires specialized hardware and software for writing and training machine learning

Maximizing Solar Energy Output with Artificial Intelligence (Al) As of late, an evident surge in the application of
solar panels in the UK for generating ecologically-aware power has been observed. The popularity that this source of
power generation has garnered continues to soar as more people embrace its use and benefits. In the present day and
age, capitalising on artificial intelligence (Al) to implement profound comprehension patterns is of the utmost
importance. The reason for doing so lies in its ability to refine its output while simultaneously minimising expenses.
The importance of optimising solar panels for energy efficiency and cost savings In the contemporary world,
environmental issues are crucial, enhancing solar panel energy efficiency and reaping monetary benefits. By embarking
upon this course of conduct, we can diminish our proclivity towards unreplenishable energy sources. This will enable
us to curb the degree to which carbon emissions are dispersed into the environment. Optimising solar panels can lead to
substantial cost savings over time, making it an economically viable solution. Using appropriate optimisation
methodologies, clean and renewable energy harnessed from the sun can be produced. It is plausible to achieve this
outcome by applying diversified enhancement tactics for harnessing solar power resources efficiently. Optimising solar
panels can increase the efficiency Proposed Photo-Voltaic System Proposed PV system contains the following
mechanisms such as PV panel, a power boost converter, MPPT controller and resistive load. The duty cycle of the boost
converter is measured using conventional and proposed MPPT algorithms. Fig. 2 shows the proposed block diagram of
the PV renewable energy system. The main aim of the control system is to maximize the power generation with a
variable irradiations from PV panel. Using MPPT method, it should ensure that the DC power is transformed to the load
with high efficiency.

4. METHODOLOGY

Mathematical Modeling Of Solar Cell In Matlab For analysis, researchers need a reliable model to forecasts the PV
power generated correctly when connected in series-parallel. Applying Kirchhoff’s current law in the model shown in
figure 1, the total PV current is presented in equation 1 [2].

I=Iph—Id—Ish (1)

Where Iph is the photocurrent, when the PV cell is visible to incident sunlight. The photocurrent is linearly varying
concerning solar irradiance at a certain temperature. Id is an anti-parallel diode current, and it produces the non-linear
response on the PV cell. The current flow through the shunt resistor is represented by Ish. Substitute the expression for
Ish and Id in equation 1, and the PV current is derived in equation 2 [2].

[=Iph—10(eq(V+IRs)nkT—1)-V+IRsRp (2)

Where q is electron charge = 1.6x10-19; n is ideality Factor = 1.2; k is Boltzmann constant = 1.3805x10-23 J/K;
Vd=V+IRs and Vt=nkTq; lo is the saturation current of the diode, the temperature of the PV cell is represented by T,
Rp & Rs represents the shunt and series resistance, respectively. The photocurrent of the PV is depending on the
irradiation and the cell temperature. The expression for the photocurrent is given in equation 3 [2].
Iph=[Isc+Ki(T—298)]xIrIr0 (3)
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Where Ki is short-circuit current temperature coefficient of cell = 0.0024 and solar irradiation is represented as 1r0 =
1000 W/m2 at Standard Reference Condition. The module saturation current (10) varies with the cell temperature, which
is given by equation 4 [2]
lo=I[TTr]3exp[qXEgnk(1T-1Tr)] (4)
Where PV cell temperature is represented as Tr = 298 K or 25°C and the band gap energy, represented by Eg, can
expressed by equation 5 [3].
Eg=Eg0—aT2T+$=1.16—7.02x10—4[T2T-1108] (5)
The modules reverse saturation current (Irs) can be expressed by equation 6 [4].
Irs=Isc(V+IRs)nkT—1 (6)
In order to enhance the ability of electric power generation from solar PV systems, the solar cells should be implemented
in series and shunt combinations. If Np represents the cells interconnected in parallel and Ns shows the cells
interconnected in series, the relationship between the output current and voltage is presented as follows [2,5]
I= NpxIph—Np x10x[exp(VNs4+IxRsNpnxVt)|-Ish(7)
Ish=VxNpNs+ IXRs/RP
cycle in the next cycle. If the increase of duty cycle produces an increase of the power, then the direction of the
perturbation signal is the same as the previous cycle. Conflicting, if the perturbation duty cycle produces a decrease of
the power, then the direction of perturbation signal is the opposite from the previous cycle. The increase or decrease in
duty cycle is based on the perturbation (AD) which is generated by Al system. SIMULINKTM and MATLAB function
of PO MPPT controller is shown in Fig.
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Fig. 2 SIMULINKTM and MATLAB function of PO MPPT controller
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Fig. 3 Output Power, Voltage and Current of Boost Converter with Proposed MPPT Method
A novel hybrid technique which is a combination of FL based MPPT technique and adaptive PO based MPPT technique
has been employed. Since, the FL controller as described in section 4.2, with the membership functions and rule base
for PV system has been employed here for the development of the subsystem as shown in A novel hybrid technique
which is a combination of FL based MPPT technique and adaptive PO based MPPT technique has been employed.
Since, the FL controller as described in section 4.2, with the membership functions and rule base for PV system has
been employed here for the development of the subsystem as shown in
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5. CONCLUSION

Stepwise procedure for modeling solar panel and array in MATLAB with user-friendly stimulation tool is shown in each
step, which will help further modeling the solar system and I-V & P-V characteristic. The efficiency of the models is
much near to the reference value and here also shows that with varying irradiation, temperature, series resistance, parallel
resistance, Np and Ns and their effects on the 3 models. The incremental conductance algorithm for the MPPT method
and Artificial Neural Network are evaluated in the recommended work. Such outcomes from every instance observed
during testing demonstrate that Incremental conductance algorithm techniques effectively enable the practical swarm
optimization algorithm in attaining MPP (Maximum Power Tracking) when photovoltaic method is undergoing Peace
process, leading to a higher power extraction. To calculate, the category of failure that occurs in the PV system, the
proposed algorithm of the Artificial Neural Network was used. The test data are normalized before being utilized as
inputs to the input layer, where training takes place.
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