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The behavior and performance of distribution systems have been significantly impacted by the presence of solar and wind based renewable energy sources (RES) and battery energy storage systems (BESS) based electric vehicle (EV) charging stations. This work designs the Unified Power Quality Conditioner (UPQC) through optimal selection of the active filter and PID Controller (PIDC) parameters using the enhanced most valuable player algorithm (EMVPA). The prime objective is to effectively address the power quality (PQ) challenges such as voltage distortions and total harmonic distortions (THD) of a distribution system integrated with UPQC, solar, wind, BESS and EV (U-SWBEV). The study also aims to manage the power flow between the RES, grid, EV, BESS, and consumer loads by artificial neuro-fuzzy interface system (ANFIS). Besides, this integration helps to have a reliable supply of electricity, efficient utilization of generated power, and effective fulfillment of the demand. The proposed scheme results in a THD of 4.5%, 2.26%, 4.09% and 3.98% for selected four distinct case studies with power factor to almost unity with an appropriate power sharing. Therefore, the study and results indicate that the ANFIS based power flow management with optimal design of UPQC addresses the PQ challenges and achieves the appropriate and effective sharing of power.
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1 INTRODUCTION
The integration of RES into the distribution network has gained more attention in the past few decades for lessening the burden on VSC’s and reducing the necessity of higher device ratings. A novel solar-integrated UPQC configuration has been developed to effectively address the PQ problems. The various difficulties in exploiting renewable energy sources (RES) and various approaches for overcoming these difficulties have been discussed in (Madurai Elavarasan et al., 2020a; Madurai Elavarasan et al., 2020b; Elavarasan, 2020). Due to the intrinsic unpredictability of solar PV (SPV) systems, the grid is subjected to harmonic distortions, thereby affecting grid voltages and currents. FACTS devices have thus been used to reduce total harmonic distortions (THD) besides handling voltage stability-related issues and enhancing PQ of the grid (Shafiullah et al., 2018; Ashok Kumar and Indragandhi, 2020; Mohamed, 2020).
The benefits in view of enhancing PQ of UPQC in grid-connected SPV systems were investigated (Paramanik et al., 2019). A thorough analysis was focused on the features, charging methods, and benefits of electric vehicles (EVs) (Kong and Karagiannidis, 2016; Chellaswamy and Ramesh, 2017; Nunes and Brito, 2017). The UPQC was exhibited to be superior than those of DSTATCOM and DVR in terms of multitasking abilities, and employed with intended goals of raising power factor (PF), decreasing THD, boosting profiles of voltage, and boosting PQ of the system (Amirullah et al., 2020). The FLC was applied for integration of battery energy storage systems (BESS) with EVs for realizing better PQ, increased overall reliability of the grid with RES (Vivas et al., 2020).
The firefly optimization method, which simulates predator-prey dynamics, was employed to optimize the design of shunt active power filters for reducing the THD and enhancing the PF (Mahaboob et al., 2019). A PI-controller fine-tuning for SHAPF was devised using an Ant Colony Algorithm to minimize THD across various load combinations (Sakthivel et al., 2015). A novel control system incorporating both fuzzy logic and back-propagation was introduced for optimizing THD and enhancing PF in the context of a 5-level UPQC (Nagireddy et al., 2018). Nevertheless, in the micro-grid associated distribution system, PQ issues were resolved by employing UPQC to handle current and voltage imperfections. An adaptive network-based fuzzy inference system was introduced to enhance system efficiency and utilization (Renduchintala et al., 2021). A hybrid control technique that combines the Improved Bat Algorithm and Moth Flame Algorithm optimization was created to tackle PQ concerns within a micro-grid system, to minimize the error function related to power fluctuations. Furthermore, the operational costs of RESs were reduced by optimally tuning the Kp and Ki parameters (Rajesh et al., 2021).
Furthermore, a novel hybrid approach through integration of Enhanced Efficient Global Optimization with ANN techniques was introduced for shunt active power filter (SHAPF). This approach was designed to diminish current signal distortions and enhance the quality of power delivery in the distribution network (Ganesan and Srinath, 2019). Moreover, an examination of the power flow analysis of the UPQC was conducted on a three-phase distribution system under different operating conditions, focusing on the impedance matching technique (Zhao et al., 2021). A method utilizing self-tuning filters was devised for UPQC in conjunction with renewable energy sources to tackle PQ concerns (Mansoor et al., 2020). Concurrently, an implementation of ANN was applied to the Solar PV-powered UPQC to mitigate grid current THD during voltage variations such as sag and swell. Additionally, the effectiveness of this approach was assessed through a comparison with the State Repetitive Control and reactive power theory methods across diverse load scenarios (Okwako et al., 2022). However, to minimize system THD, a unique modified UPQC has been developed with multiple goals and variables that be optimized by employing the BHO and PSO approaches to change the PIC variables (Khosravi et al., 2023). In addition, a proposal was made to link AC/DC microgrid to the grid using power-compensating techniques to reduce the amplitudes of harmonics. This involves optimizing the coefficients of gain in certain filter compensation devices. The optimized coefficients were associated with a PIC including the cost functions incorporated the controller’s error, current harmonics, and voltage harmonics (Khosravi et al., 2021).
The optimization of the gain coefficients for the MAPF and PFCK controllers was carried out hierarchically using the Harris hawk optimization, ABC, grasshopper optimization algorithm, and DE. This optimization was applied to the three control loops, which include voltage and current harmonics, as well as the system controller error. The goal was to reduce the range of these harmonics to within acceptable limits (Khosravi et al., 2022). A novel THD compensation scheme was developed for a hybrid micro-grid, employing a filter compensation device. The primary objective of this system is to mitigate the magnitude of the voltage and current harmonics (Khosravi Nima et al., 2021).
An extensive investigation was conducted to offer valuable insights into the influence of FACTS deployment on the integration of energy from renewable sources and the reduction of carbon emissions. The study examines the impact of many factors on sustainable energy entry, including system loading patterns, the placement of renewable power, and the placement of FACTS (Omid Mirzapour et al., 2023). Subsequently, a technique for reducing a lumped parameter thermal model was proposed, utilizing sensitivity analysis. This method aims to streamline the thermal model while still preserving the appropriate level of accuracy. The results demonstrated minimal discrepancy between the simplified thermal model approximation and the entire model, as evidenced by the low error (Mirzapour et al., 2018). The ANFIS model was created based on 390 metrics founded in literature (Seyed Alizadeh et al., 2021). However, vehicles powered by fossil fuels have been identified as the primary contributor to air pollution in urban areas, despite the advantages of electric automobiles in large cities. Additionally, they pose technical difficulties for electric electrical distribution systems (Pazouki and Olamaei, 2019). Besides, a mathematical model for efficiently scheduling and organizing the energy points in smart homes was designed to consider the demand of the smart home energy hub and classifies it into distinct types of loads. In addition, it encompasses the requirements for heating, cooling, and water, as stated in reference (Pazouki and Haghifam, 2021).
The development of the most valuable player algorithm involved the removal of undesirable and offensive players in order to avoid inefficient strategies and achieve rapid convergence. Subsequently, a new solution approach incorporating the improved most valuable player algorithm is proposed for addressing the optimal power flow problem. (Srilakshmia et al., 2020). On the other hand, optimized AI based techniques were adapted to renewable energy sources associated UPQC address PQ issues (Srilakshmi et al., 2022a; Srilakshmi et al., 2022b; Srilakshmi et al., 2023a; Srilakshmi et al., 2023b; Ramadevi et al., 2023).
As listed in Table 1, it is evident from the existing literature that the most recent research articles have predominantly concentrated on the application of UPQC in conjunction with RES, such as SPV and WSS. These studies have explored distinct control methods to enhance PQ by including BESS. However, there has been neglected the power flow management by the incorporation of EVs into these systems along with the optimal selection of controller and filter parameters of UPQC using metaheauristic algorithms.
TABLE 1 | Literature survey.
[image: Table 1]It is worth noting that, particularly during periods of peak demand on the grid, excessive demand for power can be effectively managed using both BESS and EVs. This dual approach not only improves PQ but also facilitates power flow management concurrently. The key contributions of this study are outlined as follows:
• Development of an ANFIS-based hybrid control system to manage the power flow among the EVs, BESS, WES, RES and the grid.
• Optimal tuning of gain parameters of PIDC for shunt converter in addition to the selection of shunt and series filter parameters of UPQC by using EMVPA.
• Lowering the THD in the source side current and load terminal voltage, and mitigating grid voltage-related problems such as disturbances, swells, sags, and so on, through U-SWBEV.
• The incorporation of RES, EVs, and BESS into the UPQC serves to alleviate the strain on VSC, provides support for meeting load requirements, and ensures the steady maintenance of the stable voltage across DC link, even amidst variations in irradiation, wind velocity and load.
Furthermore, the proposed system was evaluated across four test scenarios involving varying loads, wind velocity and irradiation circumstances. This assessment demonstrated its outstanding achievement in minimizing THD in current waveforms and reducing voltage waveform fluctuations. The system’s performance was assessed through comparisons with the GA, PSO and ACO techniques.
The paper’s organization is as follows: Section II delves into the modeling of U-SWBEV, while Section III provides the application of the techniques utilized in this study, focusing on the ANFIS and EMVPA. Section IV presents the results along with accompanying discussions. Lastly, Section V summarizes the conclusions drawn from the proposed work and provides the potential directions for future research in this field.
2 PROPOSED U-SWBEV
The suggested system’s schematic arrangement is depicted in Figure 1. WES, SPV, BESS, and EV grid connection allows for parallel power flow management and PQ control. The series filter’s main job is to take care of grid-side voltage-related problems. This is accomplished by supplying the necessary Vse, which is supplied via the interfacing transformer together with the appropriate choice of Lse. The shunt filter is linked to the grid through Lsh in a similar way. The SHAPF’s job is to lower the harmonics in the current by adding compensating currents and preserving a steady DLCV. The primary benefit of external renewable source support lies in the reduction of the necessary converter ratings and the alleviation of converter stress. The parameters chosen for SPV, WES, BESS, and EVs can be found in Table 2. The power flow is determined using Eq. 1.
[image: image]
[image: Figure 1]FIGURE 1 | Structure of U-SWBEV.
TABLE 2 | PV, wind, BESS and EV ratings.
[image: Table 2]2.1 SPV structure
SPV technology harnesses sunlight to generate electricity, with its effectiveness contingent upon the configuration of PV modules interconnected in both series and parallel. PV modules are organized in a series arrangement to form what is known as a string, these strings are further linked in parallel to attain the required voltage and current levels. Each PV cell within a module is represented by a single-diode equivalent circuit, as illustrated in Figure 2. The control system of the SPV system with the boost converter is shown in Figure 3.
[image: Figure 2]FIGURE 2 | Single diode PV cell model.
[image: Figure 3]FIGURE 3 | Solar with a boost converter and inverter control.
Theiph is obtained by Eq. 2, and PV module reverse saturation current irs is given by Eq. 3
[image: image]
[image: image]
The module saturation current depends on cell temperature, which is given by Eq. 4 and the output current of the module is given by Eq. 5
[image: image]
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The [image: image] is evaluated by Eq. 6.
[image: image]
2.2 BESS
The BESS plays a vital role in power management, ensuring the fulfillment of load demands. Batteries, cells are arranged in either series and or parallel, are employed to achieve the necessary current and voltage levels. The battery control system with a Buck-boost converter is illustrated in Figure 4A. The BESS also contributes to stabilizing the DLCV. The voltage and current requirements determine the specific arrangement of cells in the battery. For this research, a Li-ion battery has been chosen from the Simulink library. The SOC is represented in Eqs 7, 8.
[image: image]
[image: image]
[image: Figure 4]FIGURE 4 | Battery and Wind control systems.
2.3 Wind system
By rectifying, the AC voltage generated by the WES is transformed into DC voltage, which is then raised with the aid of a boost converter that boosts the voltage. In this study, a permanent magnet synchronous machine is taken into consideration because of its dependability, affordability, ease of management, and superior performance. In Figure 4B, the WES controller is displayed. The power produced by WES can be found in Eqs 9–13.
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3 ANFIS POWER FLOW MANAGEMENT
The ANFIS controller utilizes the RES power generation forecasting system and load forecasting system to manage the power exchange between EVs and the grid. It facilitates the transfer of power either from EVs to the grid or vice versa. This research offers insights into enhancing PQ in addition to power flow management in the grid system through the integration of EVs with UPQC. This highlights the primary objective of implementing ANFIS power flow management, which is to regulate the utilization of EVs as portable, temporary BESS. Consequently, when the stored energy is not needed, it can also be employed for transportation.
The ANFIS controller adapts the characteristics of an ANNC and an FLC. The inputs provided to the ANFIS are primarily calibrated based on the MSF to generate optimal results, as demonstrated in Figure 5. The ANFIS comprises of five layers, with the first layer being the Fuzzification layer, where the outputs consist of MSF as defined in Eq. 14.
[image: image]
[image: Figure 5]FIGURE 5 | Gaussian MSF.
Here, [image: image] represents the outputs derived from the MSF in the first layer. The Gaussian MSF is represented in Eq. 15.
[image: image]
Moreover, in the second layer (where fuzzy rule weighting is performed), the AND logic is utilized to compute the firing capability [image: image] by considering the MSF generated in the first layer, the output of which is determined using Eq. 16.
[image: image]
In the third layer, values received from the preceding layer undergo normalization. Each node in this layer achieves normalization by calculating the kth rule’s truth value to the total summation of firing strengths, as described in Eq. 17.
[image: image]
The ANNC’s ability to self-adapt is executed through the application of the inference variables [image: image] in the fourth layer, which produces an output as defined in Eq. 18.
[image: image]
Finally, in the fifth layer, the inputs are aggregated to yield the ultimate desired output of the ANFIS, as indicated in Eq. 19. Figure 6 illustrates the configuration of the suggested ANFIS, and the Membership Function (MSF) for input 1 and input 2.
[image: image]
[image: Figure 6]FIGURE 6 | MSF for power management.
In this work, the effective management of power flow is handled by ANFIS. Power flow occurs between the various entities, including the grid, RESs, BESS, and charging stations and load by ANFIS regulator. However, this plays a pivotal role in making decisions about EV charging. When EVs are not in use, they can be stationed at charging stations.
These EVs can also function as BESS during high load periods, which results in a reduction of the grid’s peak load hour. The contribution of EVs and their SOCOB play a significant role in determining the amount of power they can provide to the grid. The operational process of the proposed power flow is explained through the flowchart presented in Figure 7A. The developed ANFIS-based power management system is visually depicted in Figure 7B.
[image: Figure 7]FIGURE 7 | Power management.
4 SHUNT AND SERIES CONTROLLERS OF UPQC
The shunt SVC to mitigate harmonics in the supply current and regulate the DLCV employs the dq0-abc transformation and its inverse with the optimally tuned PIDC using EMVPA. The PLL provides frequency and phasor information from the supply voltage to transfer the current at load terminals into dq0 components. The PIDC continually compares the actual DC voltage with a set reference voltage to provide stable DC voltage, making necessary current adjustments to correct any deviations. The dth component of the load current is integrated into the PIDC control. Gate signals are generated using a Hysteresis controller, as depicted in Figure 8.
[image: Figure 8]FIGURE 8 | Shunt controller converter system.
After converting from the abc-dq0 domain and then converting back to the abc domain, the terminal voltage is compared to a predetermined reference voltage. This comparison process then leads to the production of the essential gate current pulses for the series converter, as depicted in Figure 9. These current signals serve as the trigger pulses for the execution of PWM within the series converter.
[image: Figure 9]FIGURE 9 | Series controller converter system.
4.1 EMVPA for optimal selection of PID controller gain values and filter parameters
The method proposed, known as EMVPA, encompasses the following key steps: (i) the creation of players (PLs), (ii) the establishment of a PSF, and (iii) the implementation of an “Avoidance of Bad PLs” approach to enhance the resilience of the existing EMVPA.
4.1.1 Players representation
The EMVPA is an algorithm rooted in swarm intelligence, drawing inspiration from sports games. In such games, a collective of PLs competes in multiple teams with the aim of achieving the championship title. Each PL within these teams plays individually with the ultimate objective of earning the MVP award. The set of PLs [image: image] is initially distributed randomly to create multiple teams [image: image]. The success of each PL within every team relies on their unique abilities and is measured using score. The player designated as ith, possessing a range of skills, is mathematically denoted as a variable in the problem.
[image: image]
Each PL, with their unique skill set within the team, is symbolized to represent the gain values of the PIDC for the shunt controller, as well as the shunt and series filter parameters as control variables as defined in Eq. 21.
[image: image]
4.1.2 Performance score function
In most swarm-intelligence-based evolutionary algorithms, the performance of offspring is typically assessed using a FF. Since the EMVPA takes inspiration from sporting games where the victor is determined by their scores, the FF is referred to as the PSF. It is constructed from the objective of the problem selected while satisfying the constraint defined in Eq. 22, as follows:
[image: image]
Where, THD is evaluated by Eq. 23.
[image: image]
4.1.3 Competition among the players
Every PL within a team strives to boost their skills by engaging with their team’s FP and the league’s MVP with the goal of ascending to the role of their team’s FP. The progression in skill enhancement during each iteration can be represented as follows:
[image: image]
Where, the constant C can be chosen as any integer value depending on the nature of the algorithm chosen for optimization.
4.1.4 Competition among the teams
Here, [image: image] team engages in a competition against a arbitrarily chosen opposing [image: image] team. The probability of [image: image] team defeating team [image: image] is assessed as follows:
[image: image]
Here, “k” denotes the winning probability and is set to 1, while [image: image] represents the PSF of the selected PL in team [image: image]. When team- [image: image] emerges as the victor in the game, the skills of the PLs in [image: image] undergo improvement as follows:
[image: image]
Otherwise, the skills of the PLs in [image: image] are improved as follows:
[image: image]
4.1.5 Escaping from bad players
The optimization process of the EMVPA can be further improved by considering the avoidance of suboptimal traps, particularly by identifying and mitigating the influence of underperforming players on the team. In sports physical contact between PLs can lead to injuries can result in PLs having to retire from the sport.
Even though various strategies were implemented to reduce injuries like helmet, pads, etc. Nevertheless, PLs in team sports tend to naturally avoid confrontations with aggressive or reckless PLs, maintaining distance to avoid contact-related injuries. This tendency of escaping problematic PLs can be adapted into the MVPA, with the aim of steering clear of suboptimal outcomes by increasing the [image: image] between each player and those deemed as subpar. This escaping mechanism can be implemented as follows:
[image: image]
The described mechanism empowers PLs to steer clear of suboptimal solution points within the search space, bolstering their exploration capabilities and assisting the team in reaching the globally optimal solution.
4.1.6 Greediness
Following the sequence of PLs competitions, team competitions, and the avoidance of underperforming PLs by all team members, a greedy approach is applied to the PLs. This means that a new PL is accepted into the team only if their PSF is superior to the PSF value of the existing PL before the competition.
4.1.7 Solution process
An initial population of players, [image: image], is generated by assigning random values within their respective bounds. These PLs are then randomly organized into multiple teams [image: image]. The values of each PL, which represent the control variables for the PQ issue, are established as follows: parameters of PIDC, resistance and inductance values of filters. Subsequently, the PSF value for each player is computed after running simulink. This process is carried out for all PLs across all teams. Within each team, the player with the highest PSF value is recognized as the FP. Among all the FPs, the PL with the highest PSF value is bestowed with the title of the league’s MVP. The PL and team competition phases are initiated, following Eqs 24–27. The performances of the PLs are improved by mathematically distancing themselves from PLs that are considered “bad”, as explained in Eq. 28.
The entire process, consisting of (i) computing PSF values, (ii) identifying FPs and the MVP, (iii) conducting PL competitions, team competitions, and avoiding bad PLs, constitutes a single iteration. The iterative cycle is repeated for a predetermined number of iterations, and the MVP at the point of convergence is identified as the global optima. Notably, the inclusion of a new player is contingent on their PSF value surpassing their previous PSF value. Moreover, the algorithm is designed to prevent ties, ensuring that in cases where two players attain an identical PSF value, a single player is chosen as the winner through a probabilistic selection process. However, the EMVPA was selected due to its advantages like fast convergence with lesser number of iterations with lower computational time for each iteration. Besides, the algorithm is having its own limitations like complexity due to which it is not preferable to solve multi objective engineering problems. In this work, the max number of iteration for termination is selected as 100 with 40 number of player in 4 teams (Srilakshmia et al., 2020). Figure 10 gives the visual representation of the proposed method’s flowchart.
[image: Figure 10]FIGURE 10 | Flow of the filter parameters selection using EMVPA.
5 RESULTS AND DISCUSSIONS
The U-SWBEV integrated with ANFIS was developed and implemented using Simulink/Matlab 2022b. The simulation of the proposed system is visualized in Figure 16. The chosen system, as well as the selected parameters for the UPQC and the loads, is presented in Table 3 and Table 4. This study encompasses three distinct case studies given in Table 5, that involve various combinations of voltage-related problems such as sag, disturbance, and swell, along with scenarios that include fluctuating irradiation, wind velocity and a consistent temperature of 25°C. These case studies are employed to demonstrate the effectiveness of the developed ANFIS integrated with U-SWBEV. The primary objective of this work revolves around intelligent power flow management with a focus on effectively addressing PQ issues. This objective is achieved through the utilization of the ANFIS based power management and the UPQC for enhancing PQ.
TABLE 3 | Lower and upper bonds for decision variables.
[image: Table 3]TABLE 4 | Grid and load values chosen.
[image: Table 4]TABLE 5 | Test cases.
[image: Table 5]As seen in Figure 11A for case 1, the suggested ANFIS is successfully handling EVSs in accordance with their SOCs. At this point, the grid draws power at 0.1 s while wind and PV provide their outputs. But in this scenario, BESS charge and EVs discharge (vehicle to the grid), delivering the required amount of power demand. Similarly, the grid provides power at 0.4 s when EVs are charging and PV, wind, and BESS provide their outputs. Here, RES provides power to the load in conjunction with the grid (grid to the vehicle). Furthermore, the constant irradiation and output power from the SPV system with a battery SOC of 95% are shown in Figure 11B in order to maintain stable DLCV. Next, Figure 11C shows how effectively the U-SWBEV series filter eliminates disturbances generated between 0.45 and 0.5 s by injecting the necessary voltage while aiming to keep the terminal voltage constant. Furthermore, as a result of the nonlinear load (the combination of loads 1 and 5), which causes the load current to be extremely polluted, the SHAPF provides the distortion free current to the supply by injecting the necessary amount of current, as shown in Figure 11D which in turn reduces THD to 4.50% and enhances PF to almost unity.
[image: Figure 11]FIGURE 11 | Waveforms of the developed method for case1.
In case 2, it is noted that the suggested method continues to function well in spite of variations in load and irradiation. Here, the grid draws power at 0.1 s from Figure 12A, with RES giving their output powers but at lower levels. To supply the necessary quantity of power to the load, EVs are made to be in the discharging condition in this instance while the BESS is in the charging state. The variable irradiation taken into account in this case during the load change from case 1 to case 2 is depicted in Figure 12B. Additionally, as shown in Figure 12C, the U-SWBEV series filter effectively reduces swell from 0.3 to 0.4 s by injecting the necessary compensatory voltage while keeping the terminal voltage constant. Besides, because load 3 and load 5 are nonlinear, the load current is heavily contaminated. To mitigate this, a shunt filter injects the necessary current as shown in Figure 12D and reduces THD to 2.26% and to almost unity.
[image: Figure 12]FIGURE 12 | Waveforms of the developed method for case2.
In this case-3, a constant solar irradiation level is chosen while the load varies. Specifically, at 0.025 s, load 1 and 2 is added, and at 0.03 s, load 4 is included. The performance of the proposed method is seen in Figure 13A, which exhibits that the grid is under neutral state around 0.3 s. During this time, the RES supplies power to the load, while the BESS and EVSs are in the process of charging. Figure 13B displays the chosen constant solar irradiation alongside the power output and DLCV balancing. In this study, the voltage flicker situation is examined from 0.2 to 0.25 s which is efficiently mitigated by the UPQC. Additionally, the loads (in the combination of loads 1, 2 and 4), which leads to the unbalances and imperfections in the load current, the U-SWBEV handles effectively and provides sinusoidal source current with lower THD of 4.09% and enhances power factor to 0.999, as illustrated in Figures 13C, D.
[image: Figure 13]FIGURE 13 | Waveforms of the developed method for case3.
In case 4, the variable solar irradiation is selected with load 1 at 0.025 s and load 2 at 0.03 s respectively. The performance of the proposed method can be seen in Figure 14A, where at 0.2 s, the grid is consuming power while the solar output is zero. The wind system, in conjunction with the BESS, supplies the necessary power to the load when EVSs are in the process of charging. Figure 14B illustrates the correlation between solar irradiation, PV power, BESS power, state of charge, and DLCV balancing. However, this study focused on the voltage sag condition occurring between 0.15 and 0.25 s. The compensation for this condition was efficiently achieved by the U-SWBEV, as illustrated in Figure 14C. In addition, the shunt filter effectively compensates for the polluted load current as depicted in Figure 14D, generated by rectified bridged non linear load and active power load which reduces THD to 3.98% which is much lesser that other methods listed in Table 6. Besides, it also boosts up the power factor to almost unity.
[image: Figure 14]FIGURE 14 | Waveforms of the developed method for case4.
TABLE 6 | % THD comparison.
[image: Table 6]The THDs of the suggested technique in all case studies is displayed in Table 6. The results demonstrate that the suggested method has significantly lower THD compared to other strategies, including those found in existing literature, and it also meets the standards set by the IEEE. In addition, the suggested system PF has value that is very close to unity, which is demonstrated in Figure 15, when compared to other approaches. Furthermore, it has been demonstrated as shown in Figure 16 that the proposed U-SWBEV with EMVPA achieves convergence to a reduced THD of 2.26% within 18 iterations. In comparison, GA, PSO, and ACO require 57, 38, and 25 iterations respectively to achieve convergence. Besides, the obtained designed parameter values of U-SWBEV were listed in Table 7.
[image: Figure 15]FIGURE 15 | Comparison of PF.
[image: Figure 16]FIGURE 16 | Comparison of convergence characteristics for case-1.
TABLE 7 | Comparison of design parameters.
[image: Table 7]Figure 17 depicts the FFT analysis of the source current for all cases in the proposed system. The proposed EMVPA technique is applicable for the best selection of shunt and series filters parameters optimally to reduce the burden on converters in addition to the elimination of imperfections in the current and voltage waveforms due to harmonics. Besides, the complexity of the proposed system can be justified by the optimal selection of filter parameters in addition to the controller parameters in association with AI control techniques for the better optimal solution.
[image: Figure 17]FIGURE 17 | Current %THD spectrum for cases.
6 CONCLUSION
An intelligent ANFIS regulation is employed to effectively manage power flow in a system comprising Grid, RES, BESS and EVs. Here, UPQC is adopted to handle PQ issues to provide constant DC link voltage during varying loads, wind speeds, and irradiation conditions. In addition, the EMVPA method is employed to tune the gain values of PIDC, while also making an appropriate choice of filter parameters. The proposed power management system aims to meet the load demand and support the required number of EVs. This work, simultaneously handles PQ issues and power management effectively. It effectively suppresses voltage disturbances, swells, sags, and defects in the current waveforms. However, with this proposed technique, the THD values for voltages and currents have been measured and found to be less than 5%. Future research can build upon the results of this study by incorporating metaheuristic algorithms to enhance the effective management of power flow even more.
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