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Abstract: The progress in the charging strategies for electric vehicles is expected to have significant impacts on the electric 

grid in the near future. Electric vehicle battery chargers are designed to facilitate bidirectional power transfer in accordance 

with the vehicle-to-grid concept, thereby providing essential services to both the distribution grid and the domestic grid of 

the vehicle owner. Wireless power transfer battery chargers present a safer and more user-friendly option for individuals 

who may lack confidence in handling technological devices. Bidirectional wireless power transfer chargers that support 

vehicle-to-grid services represent a natural progression of the previously mentioned concepts. This paper addresses the 

development of a control strategy for such a battery charger, concentrating on the requirements of the power conversion 

stages necessary for the operation of a charger designed for vehicle-to-home functionality. Initially, the division of the 

control strategy into two distinct levels is discussed, followed by an introduction to the interaction between the algorithms 

at the internal and external levels. In the implementation of the control algorithms, the decision was made to design the 

controllers with simplicity in mind. This approach allowed for the adoption of well-established techniques within the 

scientific community for their design, while also minimizing the computational resources required for their execution. 

Despite the straightforward nature of the controllers, the introduction and management of interactions among the various 

algorithms resulted in the formulation of a comprehensive control strategy that simultaneously adheres to the voltage and 

current limits imposed by the grid and the battery, while also preventing the maximum operating conditions of the static 

converters that comprise the system from being exceeded. The algorithms and their corresponding controllers are developed 

sequentially in the continuous time domain, utilizing techniques grounded in the analysis of Bode diagrams of the transfer 

functions integral to the system's operation. In the design of the controllers, the implications of their subsequent effects are 

also taken into account. 

 

I. INTRODUCTION 

 

In light of the prevailing trends in technological progress, electric vehicles (EVs) are being proposed as a future 

transportation solution that offers energy efficiency and aids in the reduction of greenhouse gas emissions. The Global EV 

Outlook 2021 indeed indicates that the projected sales of light-duty vehicles are expected to increase from 3 million in 

2020 to 25 million by 2030 [1]. Within this context, EVs present a challenge regarding power demand for the grid system. 

Fortunately, this challenge can be addressed by the EVs themselves, utilizing their batteries as energy sources to support 

the grid [2], [3]. Traditional battery chargers facilitate energy transfer through a plug and socket connection. Plug-in 

charging encounters issues related to electrical insulation, can be inconvenient during adverse weather conditions such as 

rain, snow, or ice, and may raise concerns among individuals who are not familiar with electrical devices. Currently, 

wireless power transfer (WPT) technology provides an alternative method for charging EVs. In comparison to its wired 

equivalent, WPT technology offers numerous advantages, including built-in isolation and shock prevention, fewer 

complications arising from moisture and dirt, increased flexibility, lower maintenance requirements, and enhanced user-

friendliness [4], [5]. The traditional battery chargers facilitate energy transfer via a plug and socket combination. Plug-in 

charging encounters challenges related to electrical insulation, can be inconvenient during adverse weather conditions such 

as rain, snow, or ice, and may raise concerns among individuals who are not familiar with electrical devices. In 

contemporary times, wireless power transfer (WPT) technology presents an alternative method for charging electric 

vehicles (EVs). In comparison to wired charging systems, WPT technology offers numerous advantages, including built-

in isolation and shock prevention, reduced complications from moisture and dirt, increased flexibility, lower maintenance 
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requirements, and enhanced user-friendliness [4], [5]. The primary drawbacks of WPT battery chargers are their 

comparatively lower efficiency relative to conventional chargers and the electromagnetic emissions near the coupling coils 

[6]. Nevertheless, these concerns are not particularly significant, especially for static applications like the one discussed in 

this paper. With meticulous coil design, the average efficiency during battery charging can easily surpass 90% [7], while 

the vehicle's chassis serves as a natural shield against electromagnetic fields [8]. It is widely recognized that vehicles are 

typically parked for the majority of the day. This situation allows for battery charging during periods of low power demand 

from the grid, a process known as power shaving. If battery chargers are capable of managing bidirectional power flow, 

EVs can function both as a load and as an energy source for the grid [9]. In fact, they can return stored energy during peak 

demand periods, provided that the battery's state of charge is replenished before the EVs are utilized [10], [11], [12], [13]. 

Electric vehicles can assist the grid by alleviating fluctuations in available power associated with renewable energy sources 

or by regulating grid frequency [14], [15], [16]. In addition to the benefits for the grid, utilizing EV batteries can provide 

economic returns for their owners. This power exchange method is referred to as vehicle to grid (V2G) [17], [18]. The V2G 

strategy can also be implemented on a smaller scale to balance and meet household energy requirements through smart EV 

battery charging. This specific application of V2G is termed vehicle to home (V2H) [19], [20], [21], [22]. A typical V2H 

configuration is illustrated in Fig. 1. The V2H method assists in reducing the daily variable load demand of household 

appliances, for instance, by charging the EV battery overnight when domestic power consumption is lower. During daytime, 

the stored energy can be fed back into the domestic grid whenever energy demand rises [23], [24], [25], [26]. This paper 

intends to thoroughly outline the control strategy for a bidirectional wireless battery charger with V2H functionality 

(BWV2H) [2]. The strategy is crafted to meet the grid's requirements regarding maximum exchanged power, as well as the 

battery's specifications concerning charging and discharging currents and voltages. Simultaneously, the voltages of the dc 

buses in both sections of the BWV2H are kept from surpassing their designated operating voltages. The comprehensive 

strategy includes eleven distinct control algorithms arranged in two levels that function in a coordinated fashion. The 

internal level comprises four algorithms that directly interact with the individual static converters that constitute the 

BWV2H. The external level includes seven algorithms that produce the references for the internal level algorithms and 

ensure the consistent operation of the primary and secondary sections of the BWV2H. These seven algorithms are 

categorized into three groups: three are always active, two are activated solely during battery charging, and two function 

exclusively during battery discharge.  

 

 
Figure 1. BWV2H in the home grid 

 

Each algorithm is based on a straightforward PI type controller, yet their precisely engineered interactions enable the system 

to function correctly under all operating conditions, facilitating a smooth transition from one condition to another without 

necessitating more complex solutions. The sizing procedure for each controller is thoroughly detailed, equipping readers 

with the knowledge to design their own BWV2H control system based on its parameters. Numerous papers in the literature 

address this subject; however, most concentrate on a singular aspect of the issue, typically the management of the WPT 

sub-system, while overlooking the necessity to also manage interactions with the grid and the EV battery. Additionally, 

highly sophisticated control algorithms are frequently introduced without providing adequate information for readers to 

replicate the published results in their own prototypes. For instance, references [27] and [28] examine the power exchange 

between the EV battery and another battery located in the house, yet they completely disregard the interaction with the grid 

and the associated issues. Similarly, there is no description of any control algorithm. Like the previous paper, reference 

[11] focuses solely on the power transfer between the dc buses of the BWV2H, failing to address battery and grid limitations 

and not explaining regulator sizing. Furthermore, it appears that only one microprocessor is utilized to control both sections 

of the system. Paper [29] exclusively discusses the power exchange between the two sections of the BWV2H, employing 

a predictive controller; however, it does not consider the interface with the grid, nor does it provide explanations regarding 
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the generation of the power reference. Grid interfacing is also not addressed in [30], and the proposed control algorithm 

does not transition smoothly from constant current to constant voltage battery charging. 

 

 
Figure 2. Circuit scheme of the BWV2H. 

 

 
Table 1. Control Algorithms of the BWV2H. 

 

The paper [31] also addresses the subject of connecting the primary side DC bus to the grid, but it is restricted to the 

necessity of sustaining a constant DC voltage, without considering the limitations of grid power. Similarly, the control 

algorithm for the secondary section oversees the power transfer but relies on an external control loop, which is not discussed 

in the paper, for managing battery charging. In [32], the challenge of power exchange with the grid is tackled, and the 

control of the proposed matrix converter is elaborated upon; however, the interaction with the battery is not examined in 

depth. Like the previous study, [33] primarily concentrates on the exchange of active and reactive power with the grid, yet 

it lacks detailed information regarding battery charge management and the design of the associated controller. The BWV2H 

discussed in this paper [2] has been developed by adhering closely to the guidelines set forth in the SAE J2954 report [34], 

which only considers unidirectional WPT systems. The power rating and the interface requirements with the grid have been 

derived from the Italian technical standards (CEI 0-21) [35]. Specifically, the paper is structured as follows: Section II 

outlines the circuit scheme and operational principles of the static converters that constitute the BWV2H. Section III details 

the overall control strategy of the battery charger, defines the roles of the various control algorithms, and examines the 

mechanisms and implications of their interactions. Section IV provides a comprehensive overview of the development of 

the individual control algorithms, including the block diagram of the complete control loop for each algorithm and the 

results of preliminary simulations conducted to validate their proper functioning. Section V focuses on verifying the 

operation of the complete control strategy, addressing both battery charging and discharging, and offers a thorough 

description of the different operational modes of the BWV2H during these two processes. Section VI concludes the paper. 

 

II. CIRCUITAL SCHEME OF THE BWV2H 

 

Figure 2 illustrates the circuit diagram of the BWV2H. In this diagram, as well as throughout the entire paper, uppercase 

letters represent constant values or values that change slowly in relation to the grid frequency, peak amplitudes of 

alternating values, or average values of continuous quantities. Conversely, lowercase letters denote alternating or variable 

quantities that occur at or above the grid frequency. The BWV2H connects to the domestic grid via the front-end converter 

(FEC), which is fitted with an inductive input filter referred to as LG. The FEC draws the current iG from the domestic 

grid. The phase of iG in relation to the grid voltage vG is modified to establish the direction of active power flow and the 

extent of reactive power exchanged with the grid, if applicable. At the output of the FEC, the capacitor CDCP maintains 

the dc bus of the primary section. The continuous voltage VDCP, which can be regarded as nearly constant, is supplied to 

the input of the high-frequency primary converter (HFPC). The HFPC produces a quasi-square wave voltage vHFP at a 

nominal supply frequency of 85 kHz [34], and regulates the first harmonic amplitude VHFP of this voltage by modifying 

the phase delay between the gate signals of its two legs, in accordance with the phase shift control technique [36]. The 
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HFPC powers the primary coil and its compensation network, which includes the capacitor CP connected in series with the 

coil and resonating with the coil’s self-inductance [34], [37]. Due to resonance, the current iP flowing through the primary 

coil is nearly sinusoidal. This current generates a variable magnetic induction flux that connects with the secondary coil, 

inducing an alternating voltage across its terminals. The induced voltage serves as the means for transferring power PPS 

from the primary to the secondary section of the BWV2H. The series resonant capacitor CS compensates for the voltage 

drop caused by the current iS flowing through the self-inductance LS of the secondary coil. As a result, the first harmonic 

of the voltage vHFS applied at the input of the high-frequency secondary converter (HFSC) is ideally equal to the induced 

voltage. During the charging process, the switches T9-T12 of the HFSC remain inactive, allowing the current iS to pass 

through the freewheeling diodes. The alternating component of the rectified current IDCS flows into the capacitor CDCS. 

The average component of IDCS, referred to as IBC, is appropriately conditioned by the bidirectional chopper (BC), which 

generates the current IB that charges the battery. The capacitor CDCS is designed to ensure that the dc bus voltage VDCS 

of the secondary section of the BWV2H remains constant. Assuming that iS flows alternately across the pairs of diodes 

D9-D12 and D10-D11 for the entire supply period, it follows from the constant value of VDCS that vHFS indeed exhibits 

a square waveform. 

 

To reverse the direction of power flow, that is, to transfer the power PSP from the EV battery to the grid, it is adequate to 

modify the current references supplied to the control loops of FEC and BC, as well as to interchange the control strategies 

of HFPC and HFSC. Consequently, the HFPC functions as a high-frequency diode rectifier, while the HFSC acts as a high-

frequency inverter. 

 

III. CONTROL STRATEGY OF THE BWV2H 

 

The control strategy established for the BWV2H is based on a series of control algorithms that work together to ensure the 

system operates under the necessary conditions. The names and characteristics of these algorithms are outlined in Table 1. 

Each algorithm is labeled as 'AL_X_Y', where 'AL' signifies 'algorithm', 'X' represents the controlled quantity, and 'Y' 

indicates when the algorithm is activated, i.e., during battery charging ('C'), discharging ('D'), or both operations ('B'). Each 

control algorithm regulates one quantity by adjusting another. The transfer function (TF) of the controller created for each 

algorithm is represented as CX,Z(s), where X denotes the controlled quantity and Z the manipulated one. Their names are 

provided in the second to last column of Table 1. The algorithms are categorized into two tiers: internal and external. The 

quantities manipulated by the external level algorithms serve as indirect references for the quantities controlled by the 

internal level algorithms. The external level algorithms manage the voltages of the two DC buses and the battery. To achieve 

this, they produce references for the power PPS and PSP, which are exchanged between the two sections of the BWV2H, 

for the power PB that is supplied to the battery, and for the power PG that is drawn from the grid. The internal level 

algorithms are tasked with controlling the currents iG, IB, and the amplitudes IP and IS of the currents iP and iS. 

Consequently, the power references generated by the external level are adjusted using straightforward relationships to 

transform them into the current references needed by the internal level algorithms. These current references are indicated 

within parentheses in Table 1. The internal algorithms at the level of operation calculate the references for the voltages 

vFEC, vHFP, vHFS, and VO that are required to be produced by the static converters that make up the BWV2H. 

 

The always-on algorithms AL_VB_B, AL_VDCS_B, and AL_VDCP_B are specifically tasked with managing the voltages 

across the battery and the capacitors CDCS and CDCP. The first two algorithms adjust the power PB exchanged with the 

battery, while the third one regulates the power PG drawn from the grid. The algorithms AL_VDCS_C and AL_VDCP_C 

are operational during the battery charging phase. They maintain the voltages across the capacitors CDCS and CDCP at a 

steady value by influencing PSP through the amplitude IS of iS. Conversely, the algorithms AL_VDCS_D and 

AL_VDCP_D are engaged during the battery discharging process and oversee the same voltages VDCS and VDCP, but 

they do so by acting on PSP via IP. The operations of the algorithms that are triggered during battery charging or discharging 

coincide with those of the two always-on algorithms that produce the references for PB and PG. For instance, during the 

battery charging phase, both AL_VDCS_B and AL_VDCS_C regulate VDCS by adjusting PB and PPS through IB and IS. 

In a practical application, a battery management system regulates the battery voltage during charging and monitors it during 

discharging. However, to finalize the design of the control strategy for the BWV2H and to simulate its operation under all 

working conditions, the subsequent discussion assigns the functions of the battery management system to AL_VB_B. By 

adjusting IB, it ensures that the battery is initially charged at a constant current and subsequently at the constant voltage 

specified by the manufacturer. Furthermore, it ensures that the battery is discharged without surpassing the maximum 

current and minimum voltage. The implementation of the internal level algorithms necessitates the transduction and 

acquisition of the currents iG, iP, iS, and IB. Additionally, the grid voltage vG must be transduced to facilitate the control 

of the phase of the current iG. The external level algorithms require the transduction and acquisition of the voltages VB, 

VDCS, and VDCP. The signals obtained from the circuitry that transduces IB, ig, vg, VB, VDCS, and VDCP are processed 

by an analog low pass filter (LPF). Ultimately, they are acquired by the microcontrollers that execute the control strategy. 
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Figure3. Block diagram of interaction of first between two control Loops. 

 

The subsections pertaining to the design of the various controllers are detailed in the last column of Tab. 1. 

 

IV. CONTROL ALGORITHMS DESIGN 

 

To verify the effectiveness of the overall control strategy, the control algorithms detailed in the preceding sections have 

been implemented in two distinct simulation models: one for battery charging and the other for discharging. To enhance 

the speed of the simulations, the control loops of iG and IB have been represented through their transfer functions (TFs). 

Conversely, the control loops of IP and IS, along with VDCP, VDCS, and VB, have been simulated using the block diagram 

presented in the corresponding subsections. This is due to their interdependent interactions, which could not be accurately 

modeled by solely considering the resultant TFs. The HFPC and HFSC have been represented by a delay corresponding to 

their switching periods, while the TFs between vHFS and IP, as well as between vHFP and IS, have been modeled using 

the gain KVHFP,IS as specified in equation (26).  

 

 
Figure 4. Equivalent scheme of the system to be controlled. 

 

Consistent with the previous section, the battery has been modeled as a capacitor in series with a resistor. The maximum 

integration step for these simulations has been established at 10 µs. Appendix B contains the simplified flow charts pertinent 

to the implementation of the control strategy in the two sections of the BWV2H during both the charging and discharging 

phases of the battery.  

 

 
Figure 5. AL_IS _C responses. Top: IS,ref (dashed green) and IS (blue). Bottom: iS (red) and IS (blue) during transient 

and their magnifications. 
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Figure 6. AL_IP _D responses. Top: IP,ref (dashed green) and IP (blue). Bottom: iP (red) and IP (blue) during transient 

and their magnifications. 

 

 
Figure 7. Top: Voltage VDCP (blue), VDCP,ref,high (dashed red), and VDCP,ref,low (dashed red). Bottom: IS (blue) and 

iG (red). 
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FIGURE 8. Top: VDCP voltage (with an offset of −200V) (green), VDCS (blue), VB (red). Bottom: iG (green), IS (blue), 

IB (red), IP (dashed magenta). 

 

 
FIGURE 9. Top: VDCP voltage (with an offset of −200V) (green), VDCS (blue), VB (red). Bottom: iG (green), IS (blue), 

IB (red), IP (dashed magenta). 
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The behavior of the primary quantities involved in the battery charging process is illustrated in Fig. 41. Specifically, it 

pertains to the procedure that elevates the voltage across the capacitor Ceq from VB,N to VB,M. Concurrently, the charging 

of the capacitors CDCP and CDCS is also executed, raising them to their designated working voltage. The upper section 

of Fig. 41 displays the voltage across CDCP in green. To enhance the clarity of the figure, an offset has been applied to 

VDCP prior to graphing, necessitating the addition of 200 V to the plotted value to ascertain its actual measurement. The 

blue line denotes VDCS, while the red line signifies VB. The lower section of Fig. 41 illustrates the current iG in green, 

the current amplitude IS in blue, and the current IB in red. The magenta dotted line indicates the amplitude IP, calculated 

by where VHFP represents the amplitude of the first harmonic component of vHFP. Upon examining the figure, numerous 

behaviors previously discussed in earlier sections can be identified. The initial charging of CDCP and CDCS occurs at a 

significantly faster rate compared to that of the battery, allowing their voltage to be consistently regarded as being in a 

steady state. Following the charging of CDCP, the amplitudes IG and IS continue to increase, as outlined in subsection IV-

C2. The rise in IS suggests that a growing power PPS is being transferred to the secondary section of the BWV2H, thereby 

elevating the voltage VDCS. This effect is counterbalanced by the rise in IB, which injects an ever-increasing power into 

the battery.   

 

After approximately 3 seconds, once the maximum grid power is attained, the output of CVDCP,PG(s) is constrained, and 

the amplitude of iG stabilizes. This alteration in the slope of IG is not immediately mirrored by IS, which continues to rise 

for a brief moment. This results in a reduction of VDCP voltage as the transferred power PPS surpasses the power PG 

extracted from the grid. This reduction indicates that AL_VDCP_C, via CVDCP,PPS(s), diminishes PPS,ref, and, as a 

result, IS,ref. The decrease in transferred power is not promptly observed in the secondary section of the BWV2H. 

Consequently, the equilibrium between iS, which charges CDCS, and IB, which discharges it by transferring power to the 

battery, is momentarily disrupted. This occurrence leads to a decline in VDCS, to which AL_VDCS_B responds through 

CVDCS,PB(s) by lowering PB,ref. A new balance is thus established in which VDCP and VDCS remain constant and near 

their lower references while the battery is charged with a constant power equal to the maximum available from the grid. 

As VB rises, IB gradually decreases to maintain PB at a constant level. This operational mode persists until 6.5 seconds 

after the system power is activated. At this moment, VB attains its end-of-charge value VB,M, and AL_VB_B, through 

CVB,PB(s), reduces PB,ref. 

 

The examination of the behavior of IP and IS warrants specific considerations. The BWV2H discussed in this paper 

employs series-series compensation, such that, disregarding the resistive voltage drops across the coils and the resonance 

capacitors, when the system effectively transfers power, the first harmonic component of vHFP corresponds to the voltage 

induced across the primary coil by iS. As a result, the first harmonic amplitude VHFP of vHFP is directly proportional to 

IS. Given that the HFSC is not regulated during battery charging, VHFS is proportional to VDCS and remains nearly 

constant throughout the entire charging process. 

 

To adjust PPS, it is essential to manipulate IS by influencing VHFP. This condition elucidates why the waveform of IS 

mirrors that of IB, which is approximately proportional to PPS. Conversely, there is no direct correlation between VHFP 

and IP, as, considering the symmetry in the operation of the coupled coils, the latter is proportional to VHFS and thus 

remains almost constant. This behavior does not contradict the observation that at the conclusion of the charging process, 

the transferred power is nearly zero. Under these circumstances, IB approaches zero, and the equivalent load observed at 

the terminals of the series of the secondary coil and its resonant capacitor behaves almost like an open circuit. Consequently, 

the primary coil functions as if there were no coupling between the two sections of the BWV2H. The impedance presented 

by the series of the primary coil and its resonance capacitor is ideally zero, and thus a voltage vHFP with a very small first 

harmonic amplitude suffices to keep IP at a value significantly above zero. 

 

The battery discharge process from voltage VB,N to VB,m is illustrated in Fig. 42. According to the conventions of Fig. 2, 

the current IB is always negative since it discharges the battery. However, in Fig. 42 its sign has been changed to facilitate 

comparison with the other currents. The current iG is represented by the green line, and the amplitude IP by the dashed 

magenta line. In this case, symmetrically to what has been explained in the previous subsection about IP, IS is not a 

controlled quantity and has been computed from PSP and VHFS using an equation similar to (42). It is represented in Fig. 

42 by the blue line. From the comparison between Figs. 41 and 42 it is possible to recognize many similarities between the 

charging and discharging processes. In this case also, the initial charge of CDCP and CDCS is very fast compared to the 

discharge of the battery, so their voltages can be considered always in steady state. After loading CDCS, AL_VDCS_B and 

AL_VDCS_D interact in order to ramp up the power PB extracted from the battery and the power PSR transmitted to the 

primary section of the BWV2H while at the same time maintaining VDCS between its higher and lower reference. This 

behavior is highlighted in the figure by the ramp trend of the current IB and of the amplitude IP. In the primary section, the 

received power PSP charges CDCP increasing VDCP but this effect is opposed by AL_VDCP_B which reacts by acting 

on IG,ref to increase the power injected into the grid. At a first glance, no difference is visible between the waveforms of 
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iG shown in Figs. 41 and 42, but in the latter case iG is in phase opposition to vG while in the former case they are in-

phase. Approximately 3 s after switching on the system, the maximum power that can be injected into the grid is reached, 

so the output of CVDCP,PG(s) is limited and IG remains constant.  

 

The alteration in the slope of PG is not immediately mirrored on PB, which consequently charges CDCS to a voltage that 

is nearly equal to VDCS,ref,high. The AL_VDCS_B algorithm responds by decreasing PB,ref to prevent a further rise in 

VDCS. This measure leads to the formation of a cusp on the IB graph. From this moment onward, the battery discharges 

at a steady power level, resulting in an increase in IB as VB diminishes. Approximately 5.7 seconds into the simulation, 

for a brief period, the absolute value of IB,ref is capped at its peak value of 50 A. However, shortly thereafter, VB reaches 

its end-of-discharge threshold, VB,min, leading to a reduction in the current discharging from the battery. This results in a 

decrease in the current charging CDCS, causing VDCS to drop until AL_VDCS_D lowers PSP,ref, thereby restoring 

equilibrium and keeping VDCS stable. The decline in power from the secondary section results in a reduction in VDCP, 

which is counterbalanced by AL_VDCP_B, leading to a decrease in IG. From this point forward, the battery continues to 

discharge at a constant voltage, resulting in a decrease in the amplitude of IB that follows an approximately hyperbolic 

trajectory. A similar trend is observed in the power exchanged between the two sections of BWV2H and the grid, as 

evidenced by the profiles of IG and IP. The amplitude IS remains relatively constant throughout the process. This behavior 

can be explained symmetrically to the observations made regarding IP in the preceding subsection. During the battery 

discharge, the first harmonic component of vHFP compensates for the voltage induced across the primary coil by the 

current iS. Given that the HFPC functions as a diode rectifier, VHFP is directly proportional to VDCP and adheres to its 

profile, resulting in IS being nearly constant with only minor fluctuations corresponding to those of VDCP. 

 

V. CONCLUSION 

 

This document addresses the development of a control strategy for a wireless battery charger system featuring V2H 

functionality. The proposed strategy focuses on managing the voltages of the DC buses and the battery. This is achieved 

by adjusting the power exchanged between the grid and the battery via static power converters and coupled coils. Such an 

approach ensures that the charging and discharging needs of the battery are met without surpassing the voltage or current 

limits of the converters. Concurrently, the requirements for grid power exchange are fulfilled. The control strategy is 

structured into two levels. The algorithms at the internal level handle the current references and feedback signals obtained 

from the BWV2H circuits to produce gate commands for the static converters. Meanwhile, the external level algorithms 

create the references for the power to be exchanged among the various stages and between the two sections of the BWV2H. 

The necessity to integrate the operations of the different stages prompted the creation of interactive control algorithms. 

Their interaction facilitates a smooth transition from one operating condition to another, such as shifting from constant 

current charging to constant voltage charging, without requiring any information exchange between them. The information 

exchange between the two sections of the BWV2H is restricted to a single reference and one error quantity during both the 

charging and discharging phases of the battery. The operation of the internal level algorithms has been validated in the 

Simulink environment using precise circuit models of the power converters that make up the BWV2H. To minimize 

execution time, the operations of the external level algorithms have been simulated using time-average models of the 

converters. The analysis of the simulation results verifies the proper functioning of all algorithms. Ultimately, the entire 

control strategy has been implemented in a simulation model and tested during both the charging and discharging processes. 
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