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Abstract

:

Grid interactive solar photovoltaic (PV) and electric vehicle (EV) systems are the emerging technologies nowadays, mainly due to energy cost reduction and minimization of emission levels. Various research surveys have presented the effect of grid integration of PVs and EVs in an isolated way. However, it is worth accepting that with the continuous emergence of PVs and EVs, the power grid is experiencing the combined effect of PV–EV integration. The distribution system network of EVs impacts the power quality of the grid. In this paper, shunt active power filter is modelled using neuro-fuzzy control technique for the mitigation of harmonics using MATLAB. The improvement in the system performance is analyzed and compared with the traditional compensation techniques.
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1. Introduction


Currently, traditional vehicles are being swapped for electric vehicles (EV) due to the discharge of foul gases and ecological pollution [1,2]. So, electric vehicle practice is improving. Solar power and electric vehicle chargers are crucial to decreasing our dependence on fossil fuels and represent the usual progress of our energy structure.



Two key inclinations in energy custom that are anticipated for the impending future are the enhancement in distributed generation such as sun energy and the advent of electric vehicles (EV) as the imminent means of conveyance [3]. Additionally, there are numerous concerns for the mixing of these two growing systems. Primarily, electric vehicles are “ecofriendly till the basis of power is ‘ecofriendly’”. On the other hand, photovoltaic (PV) solar energy-capturing suffers from daytime and cyclical disparities, causing a requirement for energy stowage technology. Thirdly, congestion and voltage issues are anticipated in the dispersed network due to the fast increase in renewable generation and the increased power requirement for the fueling of electric vehicles. To overcome the above concerns, producing electric vehicles using PV energy would be a better answer, ensuring an emission-free system.



EVs can be categorized into various types; one of the types is a plug-in electric vehicle (PEV). The PEV motor is operational on the battery influence [4]. The batteries are re-energized from an outdoor posting of electricity. The change of AC to DC is essential to revive the battery, as the battery store is DC. Alteration of AC/DC functions on high frequency switches and power quality concerns such as harmonics, neutral currents and reactive power need rises. Various FACTS (Flexible AC Transmission Systems) devices are applied for various power quality issues, among them DSTATCOM is mainly used for current-based power quality issues.



The DSTATCOM provides fast regulation of dynamic and responsive powers to adjust load requirements, to mitigate harmonic currents, and for voltage variations. The implementation of the DSTATCOM depends upon the control algorithm used to evaluate the reference currents. Instantaneous reactive power theory is used for the generation of reference currents. A number of control methods in a certain time domain are reported in the literature. As the traditional controllers are constant in nature, they provide optimal action only over a restricted range of operating situations for which they are developed [5]. Alternative controllers based on fuzzy logic and neural networks are vigorous and can be developed to function well under a broad range of operating situations [6,7]. More vigorous controllers such as the fuzzy logic method are needed for the DSTATCOM to deliver suitable dynamic voltage regulation and to enhance the power quality and stability of the distribution network [8]. The neural network approach is frequently used in recent times for nonlinear filtering-based networks [9]. “A back propagation through time base learning method and a new recurrent adaptive control theory” was presented in [10]. Since fuzzy is acting as a decision maker, it can be thoroughly considered as a member of the AI family. Fuzzy-based expert networks can be trained using ANN (Artificial Neural Network) learning methods, to merge the benefits of together in a common controller [11,12,13]. The control approach is applied to mitigate the power quality issues raised at the charging stations due to the continuous conversion of AC/DC and vice versa. The power converters used at charging stations are considered as load, which are non-linear in nature. In this paper, the DSTATCOM is developed based on voltage source converter (VSC) and a new control technique is applied based on the adaptive neuro-fuzzy inference system (ANFIS). The data set is trained using a back propagation algorithm and the decisions taken by the fuzzy expert system. The proposed work is evaluated using MATLAB simulation for various loading conditions. The results obtained are compared with the conventional controllers to establish the hypothesis that ANFIS is the best for mitigating the PQ (Power Quality) issues.




2. EV Charging System: Power Quality Issues


The charger has separate docks for the grid and EV and they are two-way in direction, and one single-way port for PV. The chopper, grid inverter and the DC EV charger are connected on a common DC-link. Direct connection of EV and PV on DC would be much better than AC connection due to a smaller number of energy conversion steps and enhanced efficiency [5,6]. The basic structure of the charging system is shown in Figure 1. Many Maximum Power Point Tracking (MPPT) techniques are available in the literature. Here, incremental conductance is used, and super lift chopper is used as a PV converter.



The modern electric vehicle charging network has many issues that should be met to send qualitative power in a steadfast manner [7]. This paper discusses the various power quality (PQ) problems due to EV charging system, their causes, and effects. The quality of electric power distributed is defined by two factors, namely “continuity” of supply and the “eminence” of voltage. The major power quality issues are tabulated below in Table 1 from the literature [14,15,16,17,18,19,20,21,22,23,24,25,26,27].



Custom power devices (CPD) play a significant role in the mitigation of power quality concerns. Among the mitigation approaches of power quality concerns, UPQC responds to voltage sags/swells, flicker, voltage unbalance, and load unbalance.



D-STATCOM overcomes poor power factor and harmonics. It also acts as a filter, voltage controller at the delivery bus, and load compensator [8,9,10].




3. DSTATCOM ANFIS Controller


Use of power devices or equipment representing fluctuating loads leads to distortions in the power quality such as harmonics, reactive power problems, etc. As a result, we obtain outputs with a low power factor, reduced efficiency, heating of machines, misfire of devices which has high sensitivity etc. An additional power quality issue is due to the use of single or three-phase unbalanced and nonlinear loads, which causes excess current to flow through neutral wire. In addition, other power quality issues cause excess overload on the neutral wire. The unbalance in source voltage also occurred due to unbalanced load unbalanced. The unbalanced terminal parameters could generate harmonics of a lower order. Thus, for the generation of a negative sequence component of current, and in the case of electric drive the torque may also drop. These quality issues are treated using power devices such as DVR, DSTATCOM etc., among which the DSTATCOM is suitable for reactive power issue and harmonic current extenuation in the distribution side compared to other devices [11,12].



DSTATCOM is a VSC with capacitor at the DC side. If battery is connected at the DC side, then it can supply only active power, but when capacitor is connected it will supply or absorb reactive power. In general, to operate VSC six gating pulses are required for its power switch i.e., IGBT; these pulses can be obtained using ANFIS Controller. The controller provides a good response by reducing some of high order disturbances, but the system speed will be reduced. The system speed reduces due to the usage, due to fewer membership functions and more training data.



The developed ANFIS-based DSTATCOM proposed to improve the power quality of the 3-ph 4W system is shown in Figure 2. The proposed system operates in a three-phase balanced mode of action, while addressing unbalanced and non-linear loads. The system consists of a four-leg IGBT-based voltage source converter (VSC), solar PV array, DC/DC converter and a DC bus capacitor. VSC is interconnected with the system at the PCC (point of common coupling) using coupling impedance. Bidirectional DC/DC converter is used here at the DC side of the VSC to boost the voltage level. The switching pulses are generated by using the hysteresis controller using the reference currents generated by the ANFIS controller. The AC side of the VSC is connected to the grid and the fourth leg of VSC is linked to neutrals of both grid and load. So, load does not draw any harmonics from the neutral of the grid, which, in turn, decreases the losses in neutral wire of grid and enhances the power quality of 3P4W system in censoriously unbalanced loading situations.



Figure 3 reflects the basic structure of fuzzy inference system used in the ANFIS controller. The fuzzy logic designer unlocks and shows a diagram of the fuzzy inference block with the titles of each input mutable on the left, and those of each output mutable on the right. The membership function editor shows the membership functions related to all of the input and output mutable for the entire fuzzy inference block. Based on the definition of the input and output variables stated with the fuzzy logic designer, the rule editor consents to frame the rule statements inevitably. Once all are stated, we can check them using rule viewer; the rule viewer shows a roadmap of the whole fuzzy inference procedure. It reflects the fuzzy inference block. We can see the entire output surface of the network, and we can look into the surface viewer.



The configuration of an ANFIS comprises three membership functions, one input and three rules, as shown in Figure 4. This figure also reflects the various adaptive abilities, which are shown with square and circle nodules. The Takagi Sugeno-type fuzzy network based ANFIS controller is applied for regulation of the hysteresis controller.



Each nodule in layer 1 is shown by a square. This layer is meant for change of crisp value to fuzzy value and termed as the fuzzification layer. In layer 2, every nodule is constant and named as Π. The output of each nodule in this layer reflects the firing potential. The output of this layer is the multiplication of input signals. Each nodule in layer 3 is shown with a circle and performs normalization of firing potential of rules. Each nodule of layer 4 is shown by a square, and nodule functions as a constraint set. This is the output layer, which contains a single neuron shown as a circle. This neuron totals the output as the sum of all incoming values.



The back propagation algorithm is used to train the ANFIS structure. This algorithm is of a gradient descent type and performs to categorize parameters. The parameters are applied to revise the fuzzy membership functions as given in layer 1. The error reduction is carried out with the gradient descent method; the variation in each constraint must be linear to the rate of variation of the error function with respect that constraint.




4. Simulation Results and Analysis


The electric vehicle motor with variable speed is considered as the load, and the basic simulation of electric vehicle is taken from the MATLAB examples and is shown in Figure 5. The desired speed is compared with the real speed and the error is used to generate duty cycle of the converter, which will provide the voltage required for achieving the desired speed. The controller will change the force, torque and current as per the vehicle demand. The DSTATCOM is modelled using the MATLAB SIMULINK 2021a version and the proposed ANFIS controller is modelled using the fuzzy logic inference tool, as shown in Figure 6 and Figure 7.



Instantaneous reactive power theory is used to generate the reference currents which, in turn, compared with the actual currents and the pulses, will be generated as shown in Figure 6. The desired DC voltage is compared with the actual DC voltage and the error is fed to the ANFIS controller instead of the PI controller to generate the error; this is termed as the reference d-axis current component. The generated d-axis current component is compared with the actual d-axis current component of load. The AC voltage is used to generate the q-axis reference current. These reference currents are compared with the d-q currents of the load to generate errors which are converted back to a-b-c reference currents. These are compared with actual load currents and pulses are generated for the VSC. The ANFIS controller mathematical Simulink model is shown in Figure 7.



The simulation results shown in Figure 8 reflect the source voltages and source currents, which are purely sinusoidal compared to the load currents, which are non-sinusoidal and unbalanced. The harmonics required for the non-linear loads are injected in shunt using VSI reflected as a compensation current.



The simulated results shown in Figure 9 reflects that the harmonic current demanded by load neutral has been entirely recompensed by the fourth leg of the converter. Therefore, this neutral current recompense ability of the system, the neutral of the input is not obligatory to distribute any harmonic element of load-neutral current. The input neutral current (isn) load neutral current (iln) and converter neutral current (ivscn) are shown in Figure 9.



The simulated results in Figure 10 also reflect that the profiles of current of loads in the three phases are different. The simulated results in Figure 11 present that the three phase currents of input are impeccably balanced, identical and sinusoidal, when the station has three various types of single-phase loads. Figure 12 represents the THD of three-phase unbalanced loads.



Figure 13a–c shows the signals and THDs of currents at load side. Figure 13a–c shows that the THD at input current is below 5%, so the developed system follows the IEEE 519 standard. The THD of R-phase load is 19%, the THD of Y-phase is 32% and the THD of the B-phase is 6%, whereas the THDs of all three phases of the source currents are around 3%, thus enhancing the power quality of the system under dynamic load variations using adaptive controller.



Figure 14 reflects the powers injected to 3P4W distribution network, i.e., both the active and reactive, load demand and converter requirement. The required active power supplied to the distribution system is from source and reactive power is negligible and power factor is improved to unity. Moreover, the necessary reactive power by load is provided by four-leg VSC, as shown in Figure 14.



The THD value of the unbalanced loading condition using ANFIS controller is compared with the (recent 2020 published) ZSI supported DSTATCOM, whose IGBTs switching pulses are developed by using the ISCT control technique as shown in Table 2. Good improvement in the THD is observed using the proposed PV-based DSTATCOM.




5. Conclusions


This paper has demonstrated the ANFIS-based DSTATCOM for electric vehicle charging station. The impact of harmonics and unbalanced currents happens in the input side due to non-linearities and the reactive nature of load in charging stations. DSTATCOM mitigates power quality challenges by using the ANFIS-based instantaneous reactive power control technique and HCC. The proposed topology is evaluated under unbalanced conditions and the performance is satisfactory. The supply currents of all phases observed are balanced and the THD of the input current fulfils the IEEE-519–1992 standard rules regarding the harmonic boundary. The reactive power demand of the charging station is also addressed by the proposed DSTATCOM.



Source current harmonics (R-Ph) = 3.54%.



Load current harmonics (R-Ph) = 19.74%.
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Figure 1. Basic structure of EV charging system. 
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Figure 2. Structure of proposed D-STATCOM. 
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Figure 3. Fuzzy inference system. 
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Figure 4. Sugeno inference system based ANFIS structure. 






Figure 4. Sugeno inference system based ANFIS structure.



[image: Wevj 12 00098 g004]







[image: Wevj 12 00098 g005 550] 





Figure 5. Simulation of an electric vehicle. 
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Figure 6. Simulink model of D-STATCOM controller. 
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Figure 7. Simulink model of ANFIS controller. 
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Figure 8. VSryb: input voltages, ISryb: input currents, ILryb: load currents, and ICryb: compensating currents. 
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Figure 9. Vdc: DC link voltage, ISn: input neutral current, ILn: load neutral current, and IVscn: compensator neutral current. 
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Figure 10. ILr: R-phase load current, ILy: Y-phase load current, and ILb: B-phase load current. 
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Figure 11. ISr: R-phase input current, ISy: Y-phase input current and ISb: B-phase input current. 
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Figure 12. (a) R-phase load current THD, (b) Y-phase load current THD, and (c) B-phase load current THD. 
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Figure 13. (a) R-phase input current THD, (b) Y-phase input current THD, and (c) B-phase input current THD. 
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Figure 14. QS: Source reactive power, QL: load reactive power, and QC: Compensator reactive power. 
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Table 1. PQ Issues, causes and consequences.
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	Type of PQ Issue
	Description
	Causes
	Consequences





	Voltage sag
	A reduction in the usual voltage level from 10% to 90% of the standard rms voltage just at power frequency over a period of 0.5 to 1 min.
	Fault on the network for transmission or delivery (most of the times on parallel times on parallel feeders). Fault in deployment for user’s operation of heavy loads and start-up of motor drivers.
	Misfire of IT equipment i.e., microprocessor-based control systems (PCs, PLCs, AFDs etc) which may respond to process cessation.

Contactor and tripping electromechanical relays.



	Voltage swell
	Increased voltage instantly, at power frequency, beyond standard tolerances, lasting longer than one cycle and usually less than a few seconds.
	Heavy loads start/stop, badly configured power sources, poorly operated transformers (primarily during the off hours).
	Data loss, illumination and screen blinking, stopping or harming sophisticated equipment when the voltage value is too large.



	Harmonic distortion
	In shape, voltage or current waveform are often non-sinusoidal. The waveform refers to the number of various sinewaves with distinct amplitude and phase, of frequencies which are multiple frequency of the power system.
	Electro-machines operating above the magnetization curve knee (magnetic saturation), arc furnaces, welding machines, rectifiers, as well as engines with DC brush. All quasi loads, including ASDs, switched mode power supplies, data machine tools, and high performance lighting, such as power electronics devices.
	Increased likelihood of resonance incidence, neutral overburden in 3-phase systems, excessive heat of all cables and machinery, decrease in efficiency in electrical in electrical machines, electrical noise with communications systems, measurement errors in the use of reading comprehension meters, interference caused by thermal protection.



	Voltage unbalance
	In a three-phase system, a voltage alteration under which the three voltage amplitudes or the variation in the phase angle among them are not similar.
	Big single-phase loads (induction furnaces, traction loads), inappropriate spread of all single-phase loads between the three device phases (this may be also due to a fault)
	The presence of a negative sequence that is detrimental to all three-phase loads is inferred by unbalanced systems. The phase induction equipment.
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Table 2. Comparison of THD with the latest controller.
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	THD (%)
	DSTATCOM with ANFIS Controller
	DSTATCOM with ISCT Controller
	DSTATCOM with PI Controller





	Source Current
	3.54
	4.74
	6.4



	Load Current
	19.74
	25.26
	22.8
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