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Abstract :  Power quality, and harmonics in particular, play a crucial role in this paper's focus on the PV-wind power generating system. Most 
people believe these two renewable energy sources will suffice to meet future energy demands. Both domestically and internationally, photovoltaic 

and wind technologies have been extensively used to produce electricity. Maximum power point tracking (MPPT) is used in this research to develop 
solar-PV, wind, and battery sources with a boost converter assess the performance of the system power quality given to the microgrid in terms of 

harmonics. The effectiveness of the MCHBMLI has been enhanced by the closest level control method. The suggested topology increases 

productivity over the status quo of network architectures. As a means of addressing the PQ difficulties and boosting the grid's overall performance, an 

ANFIS-based controller has been implemented. Integrating the MPPT into the DC-DC converter allows for production and Perturb & Observe 
(P&O) are used. The DC-link voltage regulation performance is enhanced by the suggested ANFIS controller's rapid dynamic reaction. All RES may 

be controlled in the same way by adapting the proposed control structure. 

 

IndexTerms - Power quality, photovoltaic, wind power generating, maximum power point tracking (MPPT), Perturb & 

Observe (P&O), ANFIS. 

I. INTRODUCTION 

Distributed generating from renewable energy sources has drawn consumers from all around the globe. Electricity generated from 

renewable sources like the sun and the wind is widely utilised since it produces no pollution. Directly transforming solar energy into 

usable power is the goal of a photovoltaic system. Installation reached 305 GW in 2017 [1] and is expected to increase by another 104 

GW in 2018; installation of wind power capacity reached 539 GW in 2017 [2] and is expected to increase by another 50'1 GW in 

2018. Electricity may be generated from the wind by using a turbine to transform the kinetic energy of the wind into usable form. 

Renewable energy from is best used in suburban and rural settings. Due to the high winds at night and overcast days and the feeble 

winds that are calm during bright days, provide mutual assistance. A hybrid generating system is more important than standalone 

power generators for ensuring a constant and reliable power supply in outlying locations. wind-PV system is more demanding and 

particularly beneficial in such distant locales and isolated areas [3]. In [4], analysed by connecting it to a grid-connected system and 

examining how it performs in both steady-state and dynamic settings, using a cascading multilevel inverter with two independent DC 

sources powered by a photovoltaic-wind hybrid energy source for five levels. Over the last several years, researchers have done a little 

amount of work on PV and wind-based hybrid generating systems that operate independently. Since its introduction some decades 

ago, multilevel inverters have been more important in high-power. Three-level converters were the first step, and since then several 

other multilevel inverter topologies have been developed [5]. Is created by connecting switches in series with DC sources. All sorts of 

things, including solar panels, batteries, capacitors, and wind turbines, may be used as DC sources. To produce a high voltage at the 

output stage of the multilayer inverter, the power switches must be cycled on and off, with depending on DC sources. The advantages 

of a multilevel inverter over a traditional two-level converter are many. little distortion is one of the features; decreased dv/dt stresses, 

which lessen electromagnetic implications, are another (EMI). Stress on a motor's bearings caused by common-mode (CM) voltage 

may be alleviated by using sophisticated modulation methods. Greater input current is generated using multilayer inverters with less 

distortion. The fundamental frequency of a multilevel inverter is used in conjunction with higher switching frequencies to provide 

pulse width modulation [6]. The developed inverter is capable of generating voltages across 3k levels (an inverter with k=2 would 

generate 9 voltage levels). Because current methods for designing inverters at lower voltages cannot guarantee a perfectly sinusoidal 

output, excessive harmonics are often a byproduct. Higher resolution inverter voltages produce a sinusoidal waveform [7]. 

In this work, the author employs with minimal power switches, as opposed to conventional topologies. Conventional methods have 

drawbacks including difficulties due to their high current consumption and consequent voltage fluctuations. One applicable example is 

the use of inverters in television's rolling lines. Single-phase multilevel cascaded inverter bridge circuit intended for serial connection 

[9]. The inverter's DC sources provide +EDC, 0V, and -EDC as three distinct output voltages. 

As a result of their efficacy in resolving the non-linear and complex structure of big data, soft computing techniques (SCT) are quickly 

becoming a viable alternative to traditional methods [15–17] for online and offline wind/PV forecasting. Many powerful techniques 

may be found in the SCT literature (Refs. [18–21]). Among the several SCTs available, machine learning [18–20] stand out as 

http://www.jetir.org/


© 2023 JETIR March 2023, Volume 10, Issue 3                                                               www.jetir.org (ISSN-2349-5162) 

JETIR2303179 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org b617 
 

particularly useful for RES forecasting. When it comes to predicting the electricity generated by wind and solar panels, artificial 

neural networks (ANN) have shown to be effective [23-25]. Furthermore, due to modelling, Adaptive Neuro-Fuzzy Inference Systems 

(ANFIS) have been widely applied to wind/PV POP [27-34]. This model combines the learning capability of ANN with the effective 

handling of imprecise information in fuzzy logic. When looking for a way to determine whether certain meteorological factors are 

related to wind/PV POP, available. The need to provide a trustworthy RES forecasting tool for the IAPS is the driving force behind 

this work. Results are evaluated using root-mean-square error (RMSE) and multi-effects analysis (MEA) values. It is possible to 

utilise the proposed model to estimate and anticipate the performance of different RES in IAPS, leading to more efficient operation 

and less maintenance. 

In this study, we develop a model for a microgrid that uses to integrate PV [10], wind [11], and batteries for minimising of harmonics. 

The MPPT employing incremental conductance approach is utilised for both PV and wind. To turn on and off the nodes in the 

proposed architecture, the closest level control (NLC) method is used. Total harmonic distortion is computed with the help of the 

suggested system, which is implemented in MATLAB/Simulink. 

Proposed System  

 
Fig 1.Block diagram of the proposed system. 

Proposed method  

 The suggested approach is beneficial at higher levels with minimal transitions. The switching losses are cut in half, from 

100% in regular CHBMLI, which contributes to its efficiency. 

 The MLI's sinusoidal output voltage is produced by a combination of renewable energy sources, and the resultant harmonic 

content is minimal. 

 Cogeneration of energy in load demand regions from used to satisfy the power demand. To maximise power output, voltage 

regulation, and harmonic distortion suppression, an ANFIS controller using the MPPT approach is used. 

 The comparison indicates the efficacy of the ANFIS controller in terms of managing minimising of harmonic level. 

 

II. ANFIS CONTROLLER  

In terms of efficiency and error rate, ANFIS, as a hybrid network, has the advantages of both a neural and a fuzzy network. As a 

result, faults in the training network are propagated backwards. For the ANFIS network's training rules, there are two types of input 

and output data: The command executes its tasks using five layers of state for training purposes. When training data is used to create a 

fuzzy inference system, the membership function parameters are adjusted using either a back propagation algorithm alone, or a 

recursive least squares type approach in combination with back propagation alone. The learning process is accelerated when compared 

to using the gradient approach alone, which has a tendency to get stuck in local minima when used alone. The fuzzy inference system 

under consideration has two inputs x and y and one output z. The rule base has two fuzzy if - then rules of Takagi and Sugeno's type]. 

 

 
Fig2. ANFIS controller block diagram. 
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III. PROPOSED ANFIS CONTROLLER DESIGN OF FEEDBACK CONTROLLERS  

By comparing the regulated real speed, the feedback controller produces a controlled variable that may influence system performance. 

SRM motors are used as actuators, and they are controlled by an (ANFIS). We model both fuzzy and ANFIS controllers.The benefits 

of are combined in ANFIS, a widely used artificial intelligence (FL). In several domains, it is utilised to model complicated, nonlinear 

systems. ANFIS was utilised by Denai et al. [13] to regulate a neuromuscular system characterised by strong nonlinearity and 

considerable uncertainty. Battery, renewable energy sources, and hydrogen are all part of the Garcia et al. [14]-designed ANFIS-based 

energy management system. Using the ANFIS approach, Kurnaz et al. [15] managed the UAV's autonomous behaviour. Figure 1 

shows Jang's original 1993 proposal for the ANFIS design, where the circle stands for the square for an adaptable node. It generates a 

Tagaki-Sugeno style Fuzzy Inference System using the NN learning technique, which combines several linear systems to approximate 

a nonlinear one. The system is trained using experimental data sets to create[17]. In the learning process, either back propagation or a 

combination of the two is utilised to establish the adaptive system's parameters. 

The five-layer architecture of ANFIS is compliant. Inputs (A1 and A2) are multi-factors (MFs) of x, while output (1) is a multi-factor 

(MF) of y. The first layer is an embodiment of the input MFs. 

Input/Output System Controller for the Advanced Naval Fire and Ice Surveillance System 

By combining the best features of neural and fuzzy networks, ANFIS improves upon both their performance and accuracy. Thus, 

errors sent to earlier layers. Input and output data come in two forms for training the ANFIS network's rules: The command carries out 

its operations employing five tiers of state for instructional objectives. A fuzzy inference system may be trained using either a back 

propagation method alone or a recursive least squares type technique combined with back propagation to fine-tune the membership 

function parameters. Sped up in comparison to when utilising the gradient technique alone, which might become trapped in local 

minima. Under consideration is a fuzzy inference system with inputs x and y and an output z. Two fuzzy if-then rules [of the Takagi and 

Sugeno type] are stored in the rule base. 

𝑅𝑢𝑙𝑒 1: 𝐼𝑓 𝑥 𝑖𝑠 𝐴1𝑎𝑛𝑑 𝑦 𝑖𝑠 𝐵1 𝑡ℎ𝑒𝑛 𝑓1 = 𝑝1𝑥 + 𝑞1𝑦 + 𝑟1  

𝑅𝑢𝑙𝑒 2: 𝐼𝑓 𝑥 𝑖𝑠 𝐴2𝑎𝑛𝑑 𝑦 𝑖𝑠 𝐵2 𝑡ℎ𝑒𝑛 𝑓2 = 𝑝2𝑥 + 𝑞2𝑦 + 𝑟2   
The node functions in the same layer belong to the same function family, which is detailed further below: 

Layer 1: The degree of input satisfies the linguistic label connected with the node, and hence the node's output layer.  

Layer 2: This node is known as the Rule node, and it is symbolised by the letter T. It computes the linked rule's firing strength. The 

neuron's output can be calculated as follows: 

𝛼1 = 𝐿1𝑎1 ∗ 𝐿2𝑎2 ∗ 𝐿3𝑎3  

𝛼2 = 𝐻1𝑎1 ∗ 𝐻2𝑎2 ∗ 𝐿3𝑎3  

𝛼3 = 𝐻1𝑎1 ∗ 𝐻2𝑎2 ∗ 𝐻3𝑎3  

Layer 3: The normalisation process is taking place in each and every node, designated by N, and its output is given by: 

𝛽1 =
𝛼1

𝛼1+𝛼2+𝛼3
  

𝛽2 =
𝛼2

𝛼1+𝛼2+𝛼3
  

𝛽3 =
𝛼3

𝛼1+𝛼2+𝛼3
  

Layer 4: This layer is known as the defuzzification layer, and it is often classified as the "then" section. Its output is the product of the 

normalisation level and the individual rule output. 

𝛽1𝑍1 = 𝛽1𝑉𝐵−1. 𝛼1  

𝛽2𝑍2 = 𝛽2𝑉𝐵−1. 𝛼2  

𝛽3𝑍3 = 𝛽3𝑆−1. 𝛼3  

Layer 5: The system's overall output (Z0) is computed in this the single node as sum of all the incoming signals.  

 𝑍0 = 𝛽1𝑍1 + 𝛽2𝑍2 + 𝛽3𝑍3  

This is how the input vector is normally sent through the network layer by layer, taking into account how the ANFIS learns the 
premise and subsequent parameters for the membership functions and rules. 

IV. MATHEMATICAL ANALYSIS OF PV SYSTEM 

P-I Characteristic of a photovoltaic array Centralized inverter topologies are commonly employed in PV power generation systems 

due to their cost-effectiveness and ease of maintenance. A significant number of PV diodes are connected to in S-P arrangement.  The 

output current of the PV panel can be expressed as [22]: 

𝐼 = 𝑁𝑃𝑃[𝐼𝑃𝑉 − 𝐼𝑜(𝐼𝑃 − 2)] − (
𝑉+𝐼𝑅𝑠𝜏

𝑅𝑃𝜏
)  

where 

𝐼 = 𝑒𝑥𝑝(
𝑉+𝐼𝑅𝑠𝜏

𝑉𝑇𝑁𝑆𝑆
) + 𝑒𝑥𝑝(

𝑉+𝐼𝑅𝑠𝜏

(𝑃−1)𝑉𝑇𝑁𝑆𝑆
)  

𝜏 =
𝑁𝑆𝑆

𝑁𝑃𝑃
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Fig 3. PV P-V-I Characteristics of the PV panel. 

 

I and V are correspondingly, solar cell's output current and voltage Vt stands for the voltage of PV arrays, whereas IPV is the 

photocurrent and IO the reverse saturation current of PV arrays. A series resistance is equal to RS, while a parallel resistance equals RP 

Photovoltaic (PV) cell production is highly connected to solar irradiation. The PV array has high nonlinear VI characteristics when solar 

irradiance fluctuates. As it does not have a constant voltage nor a constant current, it cannot supply a constant amount of electricity to a 

given load Most of the operating voltage range has a steady output current, but towards the open circuit voltage the current declines 

rapidly. It can be seen from the figure that the output characteristics of the photovoltaic array vary greatly under the influence of solar 
irradiance. When the solar irradiance increases, the output power increases. 

 

Effect of Climate: 

On a partly cloudy day, the PV module can produce up to 80% of its full sun power. It can produce about 30% power even with heavy 

clouds on an extremely overcast day. Snow does not usually collect on the module, because it is angled to catch the sun. If snow does 
collect, it quickly melts. Mechanically, the module is designed to withstand golf-ball-size hail. 

 

TABLE 2.1: Data for a flat-plate collector used for heating  

 

FACTOR SPECIFICATION 

Location and Latitude Coimbatore 11o 00’ N 

Day and Time March 22, 14.30-15.30 (LST) 

Average Intensity of solar radiation 560 W/m2 

Collector Tilt 26o 

No. of glass cover 2 

Heat Removal factor 0.82 

Transmittance of glass 0.88 

Absorptance of the plate 0.93 

Top Loss coefficient (UL) 7.95 W/m2 

Collector fluid temperature 75oC 

Ambient temperature 25oC 

 

I. SIMULATION 

REULTS AND DISCUSION  

 
Figure 4. PV Power. 
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Figure 5. DC Bus Voltage. 

The entire system is modelled and developed using MATLAB/SIMULINK. The deigned model is tested for all possible scenarios of 

operation conditions. As the wind and solar are intermittent, the results are analyzed for the continuous operation of power flow in the 

system. In Fig. 4, the input solar radiation and wind speeds are varied for standard operating conditions in real time. The performance 

of the wind turbine and solar pv are expected to operate for these variations and generate the maximum power possible from each 

source using maximum power tracking algorithms. The generated power is shown in Fig5. 

 

 
Figure 6. Multilevel Inverter Voltage. 

 
Figure 7. Grid Voltage. Figure 12. Grid Current. 

CONCLUSION  
For the first time, an asymmetrical modification of the CHBMLI architecture is offered as a viable strategy for a hybrid PV/wind 

microgrid. For more complex setups with fewer switches, the suggested method may be useful. The switching losses are cut in half, 

from 100% in regular CHBMLI, which contributes to its efficiency. The MLI's sinusoidal output voltage is produced by a combination 

of renewable energy sources, and the resultant harmonic content is minimal. Because the modified CHBMLI has lower switching losses 

than a typical inverter, the system's efficiency is enhanced while the cost of the switches, driver circuits, and diodes is decreased. The 

MLI's overall harmonic distortion has been enhanced by the use of NLC method. So, a microgrid powered by a combination of solar 

and wind energy is not only beneficial in outlying regions, but also highly cost effective. The effectiveness of the MCHBMLI has been 

enhanced by the closest level control method. The suggested topology increases productivity over the status quo of network 

architectures. An experimental prototype for a single phase is built in the lab to confirm the results of the simulations. In this study, we 

present the ANFIS method for forecasting future generation. Following fruitful data training and promising prediction outcomes for 
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such a power system's renewable energy prediction tools. Furthermore, the ANFIS has the potential to become an invaluable resource 

for the design and operation of power systems in the future. In order to enhance harmonics, new modified topologies will need to be 

designed in the future to limit the number of switches, DC sources, and higher voltage levels. 
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