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ABSTRACT By combining dynamic wireless power transfer (DWPT) for charging electric vehicles (EVs)
with the miniaturization of onboard batteries, it is possible to reduce the size of onboard batteries and extend
their driving range, thereby suppressing CO2 emissions generated during EV manufacturing. Furthermore,
sourcing the power supply for EVs from photovoltaics (PV) can significantly contribute to achieving carbon
neutrality. This paper proposes a PV+DWPT system combining a grid-connected PV system with a DWPT
system. However, challenges remain, such as the DWPT system being usable only while the vehicle is in
motion, and the power grid having to adjust to the fluctuating power from the PV. Therefore, the proposed
system improves the overall circuit utilization rate by sharing the legs of the DC–DC Converter used for
PV and the Full-Bridge Inverter used for DWPT. Furthermore, it reduces the burden on the power grid by
using an Electric Double-Layer Capacitor (EDLC). The proposed system was verified through a bench-scale
experiment using three transmitting coils and one receiving coil. The results demonstrate a maximum power
point tracking (MPPT) efficiency of 85.2% under fluctuating irradiance and a DWPT transmission efficiency
of 81.2%. These findings confirm the effectiveness of the proposed system in ensuring a stable power supply
and reducing grid impact, thereby demonstrating its potential for sustainable transportation infrastructure.

INDEX TERMS Bench-scale experiment, dynamic wireless power transfer, electric double-layer capacitor,
leg-shared, maximum power point tracking, photovoltaic, receiving coil, transmitting coil.

I. INTRODUCTION
A. INSPIRATION AND MOTIVATION
In recent years, the global push toward a decarbonized soci-
ety has accelerated the adoption of electric vehicles (EVs).
However, current EVs face structural challenges: lengthy
charging processes, limited driving range, reduced energy
efficiency due to battery weight, and significant carbon diox-
ide emissions during battery manufacturing. As a solution,
Dynamic Wireless Power Transfer (DWPT), which trans-
mits power to EVs while they are in motion, is gaining
attention. This system not only simultaneously achieves
extended range and vehicle weight reduction but also
enables a reduction in the environmental impact during
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EV manufacturing. Consequently, DWPT is being actively
researched by institutions both domestically and interna-
tionally as an innovative technology contributing to carbon
neutrality [1], [2], [3], [4], [5], [6], [7], [8], [9], [10], [11].

While EV adoption directly reduces greenhouse gas emis-
sions during operation, further supply of driving energy
from renewable sources can significantly contribute to
achieving carbon neutrality. Solar power, also known as
photovoltaics (PV), is widely recognized as one of the
most accessible and widely adopted renewable energy
sources. Nevertheless, the large-scale deployment of PV
systems requires countermeasures against the duck curve
phenomenon, which arises from themismatch between power
supply and demand. This involves a sharp decrease in net load
during the day, followed by a surge in the evening. DWPT sys-
tems provide significant synergy here, as their daytime power
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requirements coincide with the peak generation hours of PV
systems. Against this backdrop, developing a PV+DWPT
system that integrates PV and DWPT is a critically impor-
tant consideration. This paper proposes a grid-connected
PV+DWPT system utilizing the power grid and PV as power
sources. The primary purpose of connecting to the power grid
is to adjust for surplus and deficit power caused by fluctu-
ations in PV output, ensuring a stable power supply to the
DWPT system. Therefore, this study is particularly motivated
by the inherent synergy between the peak generation hours of
PV systems and the daytime power requirements of DWPT.

B. LITERATURE REVIEW
Various architectures for PV-integrated DWPT systems have
been explored to balance renewable energy utilization and
grid stability [12], [13], [14], [15], [16], [17], [18], [19]. Early
modular approaches focused on system-level stabilization
using external energy storage or grid-connected interfaces.
For instance, Sugizaki et al. [16] proposed an off-grid
system incorporating battery energy storage (BESS), while
Urano et al. [18] demonstrated a grid-connected architecture
that stabilized the DC bus using independent converters.

Building on these concepts, our prior work [19] imple-
mented a system using a Dual Active Bridge (DAB) converter
to regulate power between the grid and the DC bus. How-
ever, as noted in [19], several issues remained, including
high semiconductor counts and a significant reliance on the
grid for absorbing surplus PV power. While these previous
studies [16], [18], [19] successfully established the funda-
mental feasibility of PV+DWPT, they relied on decoupled,
modular converter stages. This study represents a significant
progression from these modular approaches by advancing the
integration to the circuit level through a leg-shared config-
uration. By integrating the power stages into a single unit,
this paper achieves higher hardware density and a more uni-
fied control strategy, addressing the limitations of component
redundancy and complex grid interactions identified in ear-
lier works.

C. CONTRIBUTION AND PAPER ORGANIZATION
This paper proposes a leg-shared PV+DWPT topology to
overcome the limitations of conventional systems. The pro-
posed system integrates the PV boost DC–DC converter and
the DWPT full-bridge inverter through a leg-shared con-
figuration. This integrated architecture significantly reduces
the total number of power components. Furthermore, this
integration enables a simplified integrated control strategy
to effectively mitigate the impact on the power grid. The
main contributions of this study, which directly address
the technical requirements for practical deployment, are as
follows:

1. Hardware Integration (Architectural Novelty): Devel-
opment of an integrated topology combining the PV
and DWPT systems that reduces the number of switch-
ing elements in the power conversion stage by 33.3%

(from 6 to 4 MOSFETs) compared to conventional
decoupled architectures.

2. Simplified Integrated Control (Control Novelty): Imple-
mentation of a unified mode-switching control inte-
grated with an EDLC-based buffer. This simplified
strategy ensures DC bus stability within 0.93% of
the rated voltage, providing quantitative evidence that
the power grid is shielded from high-frequency power
spikes even during rapid vehicle transitions.

3. Experimental Validation based on Real-world Data:
Evaluation of the system’s robustness through a bench-
scale experiment. By utilizing the actual traffic data
analyzed in Section III and applying aggressive time
compression, this study proves that the proposed inte-
grated control can reliably manage power fluctuations
under demanding, real-world-inspired conditions.

The remainder of this paper is organized as follows:
Section II describes the proposed system configuration and
its operation modes; Section III presents the power require-
ment estimation based on real-world traffic data; Section IV
discusses the experimental setup and results; and finally,
Section V concludes the paper.

II. PROPOSED SYSTEM CONFIGURATION
This section discusses the challenges of conventional grid-
connected PV+DWPT systems and describes the proposed
leg-shared PV+DWPT system and its configuration.

A. CONVENTIONAL PV+DWPT SYSTEM
We detail the issues identified in the prior research [19].
This paper uses a DAB converter to absorb all PV output
fluctuations and DWPT’s steep load variations on the power
grid side. This significantly increases the grid’s adjustment
burden and leads to local voltage fluctuations and degraded
power quality. Furthermore, under continuous operation, the
DWPT subsystem inherently experiences prolonged periods
of zero power demand depending on traffic volume and vehi-
cle presence. During these inactive periods, the fact that the
DWPT circuitry is not utilized for its primary purpose of
power transmission significantly reduces the overall equip-
ment utilization rate of the system. This is an extremely
critical issue from the perspective of economic rationality and
cost performance relative to the initial investment.

B. PROPOSED PV+DWPT SYSTEM
This study proposes a stable, leg-shared PV+DWPT sys-
tem that resolves the problems described in the previous
subsection. Specifically, the DC bus is implemented using
EDLC, which acts as a central energy buffer between the PV
and DWPT systems. Furthermore, by partially sharing the
legs of the PV system’s DC–DC converter and the DWPT
system’s full-bridge inverter, the system suppresses sudden
power fluctuations, improves overall circuit utilization, and
achieves stable operation. Here, a stable system refers to
one with high robustness, capable of simultaneously main-
taining maximum PV output and constant reception despite
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FIGURE 1. Overall view of the proposed PV+DWPT system, which
integrates PV and DWPT via a leg-shared converter. The configuration
includes a grid-connected DAB converter for power regulation and a
Double-LCC topology for efficient wireless power delivery.

disturbances such as changing weather conditions or mode
transitions caused by vehicle entry.

Fig. 1 shows the overall view of the proposed system.
The proposed system envisions a scenario where solar pan-
els are installed near a highway performing DWPT, directly
supplying power to the DWPT system. The PV output is
regulated through maximum power point tracking (MPPT)
via a DC–DC converter and delivered to the DC bus. The
inverter outputs a square wave at 85 kHz and employs a
Double-LCC circuit as the Wireless Power Transfer (WPT)
compensation topology. A bidirectional DC–DC converter
uses a DAB converter to perform constant voltage control of
the DC bus. Details of each component are described in the
upcoming subsections.

C. MPPT CONTROL WITH DC–DC CONVERTER
In the proposed system, the PV output power is regu-
lated through MPPT via a DC–DC converter. MPPT control
automatically tracks the optimal voltage and current val-
ues that maximize power output during solar cell operation.
While several MPPT methods exist, this paper employs the
Perturbation and Observation method (P&O method) [20],
[21], [22], a classical approach that is simple to implement.
As shown in Fig. 2, the output power of a solar cell varies
with its output voltage. Therefore, a maximum power point
exists where the solar cell’s output is maximized. The P&O
method continuously changes the voltage in one direction
(increasing or decreasing). When the power changes direc-
tion, the voltage change direction is reversed. Repeating this
process controls the system to themaximum power point. The
flowchart of the P&O method used in the proposed system is
shown in Fig. 3.

D. DOUBLE-LCC CIRCUIT FOR DWPT
The proposed DWPT system employs a double-LCC circuit
as its compensation topology [23], [24], [25], [26], as illus-
trated in Fig. 4. This resonant network is designed to achieve

FIGURE 2. Illustrates the I-V and P-V characteristic curves of the solar
panel used in the experiments. These curves provide the fundamental
reference for evaluating the tracking accuracy and efficiency of the MPPT
control algorithm during the bench-scale tests.

FIGURE 3. Illustrates the MPPT control flowchart using the P&O strategy.
The algorithm iteratively adjusts the duty ratio based on power variations

P to maximize PV output during standby mode.

FIGURE 4. Double-sided LCC compensation topology. This configuration
is designed to achieve high efficiency and constant current
characteristics, with parameters optimized to maintain stable power
delivery across the inductive coupling k .

LC resonance within each closed loop, with the inductance
and capacitance values satisfying the resonance condition
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defined by (1).
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A significant advantage of the double-LCC topology is its
inherent load-sensing capability. When a receiving coil is
magnetically coupled with a transmitting coil, power is
efficiently transferred from source E . Conversely, in the
absence of a receiver (i.e., when the coupling coefficient
k = 0), the primary-side resonant network exhibits high
input impedance, which inherently suppresses the current
draw from the inverter. This characteristic allows the inverter
output to adapt passively to vehicle traffic, enabling effec-
tive power management without complex external switching
control, even when multiple transmitting coils are con-
nected to a single inverter. Consequently, the adoption of the
double-LCC circuit minimizes standby losses and simplifies
the overall control architecture of the proposed system.

E. EDLC FOR POWER BUFFERING
The DC bus in this architecture essentially consists of an
EDLC. The EDLC acts as a power buffer to mitigate fluc-
tuations in PV output and abrupt load variations inherent
to DWPT operations. The critical requirements for such a
power buffer include the durability to withstand frequent,
high-intensity charge/discharge cycles and the capability for
rapid energy storage and release. EDLCs are uniquely suited
to these demands as they exhibit negligible degradation even
after hundreds of thousands to millions of cycles, while sup-
porting high-rate charging and discharging. Consequently,
EDLCs are integrated into the proposed configuration to
ensure stable and responsive power management.

F. CONSTANT VOLTAGE CONTROL WITH DAB CONVERTER
A DAB converter is employed as the bidirectional DC–DC
converter to interface the power grid with the DC bus,
which is implemented using an EDLC. The DAB topology
is selected for its ability to achieve high power density, facil-
itate zero-voltage switching (ZVS), and provide high power
transmission efficiency. In this architecture, the primary role
of the DAB converter is to maintain a constant voltage on the
DC bus. The circuit configuration of the DAB converter is
illustrated in Fig. 5.

To ensure stable operation, the DAB converter utilizes a
proportional-integral (PI) controller as summarized in Fig. 6,
referencing a conventional control strategy [27]. In this study,
Vin corresponds to the grid voltage, while Vout is regulated.
Crucially, rather than maintaining a rigid constant voltage,
the DAB converter performs flexible regulation to allow the
DC bus voltage to fluctuate within a predefined operational
range. This strategy is essential for the EDLC-based DC
bus to effectively function as a power buffer; by allowing

FIGURE 5. Illustrates the Dual Active Bridge (DAB) converter topology,
which consists of two H-bridge stages isolated by a high-frequency
transformer with an integrated leakage inductor.

FIGURE 6. Presents the architecture and control logic of the DAB
converter used for energy management between the DC grid and the DC
bus. To maintain system stability, a closed-loop control system utilizes a
PI controller and a current mode modulator to regulate the bus voltage
according to its reference value.

controlled voltage variations, the EDLC can absorb or release
energy to mitigate transient power mismatches between the
PV generation and DWPT demand.

G. LEG-SHARED CIRCUIT CONFIGURATION AND
OPERATIONAL MODES
The proposed system features a novel leg-shared circuit
topology that integrates the PV boost DC–DC converter and
the DWPT full-bridge inverter. By partially sharing power
legs, the architecture enhances hardware utilization and facil-
itates device miniaturization. The operational modes and
the functional roles of these shared legs are summarized
in Table 1.

In the standby state (Mode 0), which occurs when no
vehicle is detected, the shared legs function as a boost con-
verter for the PV system. In this mode, the system performs
MPPT control to maximize solar power extraction. Upon
vehicle entry, the detection system triggers an instantaneous
transition to the power supply state (Mode 1). In this mode,
the functionality of the shared legs shifts to serve as part
of the full-bridge inverter for the DWPT system. Power is
then transmitted to the vehicle via phase-shift control while
maintaining a constant duty ratio to ensure the delivery of
maximum power. Once the vehicle’s exit is detected, the
system reverts to the standby state.

The coordinated action of the EDLC-based buffer and the
unified control strategy ensures the transient stability dur-
ing these transitions. During the shift from MPPT control
to phase-shift control, the EDLC effectively absorbs any
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TABLE 1. Shared leg operation modes.

TABLE 2. Comparison between the conventional system and the proposed Leg-shared system.

instantaneous power mismatch, preventing unstable voltage
oscillations on the DC bus. This control law ensures that
the system maintains robustness even during rapid function
switching of the shared legs.

By assigning dual functionality—acting as both a con-
verter and an inverter—to the shared legs and synchronizing
mode transitions with vehicle movement, the proposed sys-
tem achieves significant circuit minimization. Furthermore,
this approach enables flexible power management that is
highly adaptable to varying weather conditions and vehicle
demands.

To provide a quantitative assessment of these architec-
tural benefits, Table 2 summarizes a comparison between
the conventional system and the proposed leg-shared system.
By integrating the PV boost DC–DC converter and the DWPT
full-bridge inverter, the system reduces the switching element
count by 33.3% (from 6 to 4 MOSFETs). This confirms
the effectiveness of the proposed configuration in achieving
hardware miniaturization.

III. POWER REQUIREMENT ESTIMATION BASED ON
REAL-WORLD SCENARIOS
This section presents a power demand estimate derived from
traffic data from the Ministry of Land, Infrastructure, Trans-
port, and Tourism (MLIT) in Japan, to simulate the proposed
system’s implementation in practical settings. Based on these
projections, the evaluation metrics for the bench-scale exper-
iments in the following subsections are defined.

A. TRAFFIC DATA ANALYSIS AND MODELING CONDITIONS
The target area for this analysis is a 1-km segment of
the Tomei Highway between the Ebina Junction and the

Atsugi Interchange, a section characterized by some of
the highest traffic volumes in Japan. Based on the Road
Traffic Census data provided by MLIT, the 24-hour traf-
fic volume Ntraffic for this section is recorded at 70,791
vehicles. For the power demand estimation, this study
assumes a future scenario in which EVs replace all inter-
nal combustion engine vehicles. To simplify the calcu-
lation conditions, no distinction is made between vehi-
cle classes (e.g., heavy-duty vs. light-duty); instead, all
vehicles are modeled as standard passenger EVs, specif-
ically utilizing the specifications of the Nissan Leaf
62-kWh model with an energy consumption of 135 Wh/km.

B. CALCULATION OF REQUIRED ENERGY AND AVERAGE
POWER SUPPLY
Based on these modeling conditions, the power requirements
are defined at two distinct scales: the macro-level system
capacity and the micro-level vehicle demand. The target
energy supply per kilometer Etarget is determined based on the
energy consumption of the reference EV (135Wh/km) and the
target coverage ratio of 80% as follows

Etarget = 135 × 0.8 ≈ 0.11
[
kWh

/
km

]
(2)

At the macro level, the total daily energy demand Etotal for
the 1-km segment is calculated using Ntraffic.

Etotal = Ntraffic × Etarget≈ 7787
[
kWh

/
day

]
(3)

To ensure the system can support this demand, the required
continuous average power supply capacity Pavg can be
obtained as

Pavg =
Etotal
24[h]

≈ 324.5 [kW ] (4)
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At the micro level, the instantaneous power requirement for
an individual vehicle Pveh, must be determined to ensure
effective energy delivery during its passage. Given the aver-
age vehicle speed v, which is 51.4km/h according to MLIT,
Pveh is calculated as

Pveh = Etarget × v ≈ 5.65[kW ] (5)

For the bench-scale verification in this study, the micro-level
requirement Pveh of 5.65 kW was scaled down by a factor of
approximately 1/500 to a target received power of approxi-
mately 10 W due to laboratory equipment constraints. This
scaling allows for a safe and detailed evaluation of the sys-
tem’s core control logic, including the MPPT-DWPT mode
transitions and the buffering performance of the EDLC. The
experimental results, which demonstrate that stable power
delivery is maintained near this 10 W target throughout a
simulated 24-hour cycle, serve as a fundamental proof-of-
concept for the proposed system’s ability to meet real-world
power demands.

C. PV FLUCTUATION AND POWER SUPPLY CHALLENGES
The previous estimations clarify the baseline power require-
ments for the highway infrastructure. However, PV gener-
ation fluctuates significantly depending on meteorological
conditions, making it challenging to maintain a constant
power supply to theDWPT system. For practical implementa-
tion, the system must stabilize power transmission regardless
of PV volatility.

The proposed leg-shared system addresses this mismatch
by utilizing the EDLC integrated into the DC bus as a
power buffer. To verify the system’s ability to maintain stable
DWPT operation under fluctuating PV output, the follow-
ing sections describe a bench-scale evaluation conducted at
approximately 1/500 of the actual scale.

D. CONFIGURATION OF SCALED-DOWN MODEL AND
EVALUATION METHODOLOGY
For the experimental verification, actual solar irradiance data
measured near the Ebina Junction—the target area of this
study—is utilized, as shown in Fig. 7. Two distinct scenarios
are selected: Day 1, representing stable irradiance for con-
sistent power generation, and Day 2, characterized by severe
fluctuations.

Given the massive scale of the real-world power demand,
the evaluation is performed using a scaled-down model that
maintains the fundamental characteristics of the proposed
architecture. Specifically, the received power per vehicle is
scaled to approximately 10 W, as derived from the 5.65 kW
requirement established in the previous subsection.

Furthermore, due to equipment and time constraints, the
24-hour irradiance profile is compressed into 70 s for the
bench-scale experiments. This significant time compres-
sion results in a rate of change in solar intensity that is
far higher than in actual environmental conditions. Conse-
quently, MPPT control is required to track fluctuations at
a much higher speed than in real-time, creating a rigorous

FIGURE 7. The solar irradiance profiles for a stable clear-sky day (Day 1)
and a day with severe fluctuations (Day 2).

testing environment. By maintaining the temporal profile of
the irradiance while accelerating its dynamics, this method-
ology allows for a stringent evaluation of the control system’s
robustness and the overall effectiveness of the proposed
configuration.

In the following section, we will describe the conditions
and results of bench-scale experiments based on these condi-
tions, along with our analysis.

IV. BENCH-SCALE VERIFICATION OF THE PROPOSED
PV+DWPT SYSTEM
A. EXPERIMENTAL SETUP AND
PERFORMANCE EVALUATION
This section presents the bench-scale experiment constructed
to verify the effectiveness of the proposed system. The cir-
cuit configuration and the specific hardware parameters are
provided in Fig. 8 and Table 3, respectively.

To evaluate the fundamental operating principles, the
experimental setup uses a one-to-one topology with a single
transmitting–receiving coil pair. As defined in the control
logic, the shared legs switch functionality based on the oper-
ational mode. Specifically, the 1st leg operates as a DC–DC
boost converter for MPPT during Mode 0, while both the
1st and 2nd legs function as a full-bridge inverter for DWPT
during Mode 1. For this prototype, the receiver-side con-
figuration is simplified by modeling the onboard DC–DC
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FIGURE 8. Schematic of the proposed system, showcasing the connection between the PV array, the grid-connected DAB converter, and the
Double-LCC topology in DWPT. The diagram highlights the proposed leg-shared architecture and the implementation of an EDLC as a DC bus
buffer to ensure stable power delivery under dynamic conditions.

TABLE 3. Experiment parameters.

converter and battery as a constant-voltage source to focus
on the stability of power delivery from the primary side.

B. EXPERIMENTAL PARAMETERS AND HARDWARE SETUP
To evaluate the dynamic performance of the proposed system,
the bench-scale setup was designed to replicate a moving
vehicle scenario. As illustrated in the overall view of the
system in Fig. 9 and the schematic diagram in Fig. 10, the
apparatus consists of a series array of three transmitting coils
(Tx1, Tx2, and Tx3) and a single receiving coil (Rx) that
traverses the array. The physical dimensions of the coils
follow the laboratory’s standard specifications: 500×250mm
for the transmitting coil and 250× 250 mm for the receiving
coil, with a covering ratio of 50%. The coupling coeffi-
cient between the coils varies dynamically during movement,
as plotted in Fig. 11.
In this experiment, the Rx coil travels at a constant speed

of 7.2 km/h. Based on the geometric scaling of the coils, this
speed corresponds to a real-world velocity of approximately
18.7 km/h. Under these conditions, the Rx coil passes over
each transmitting coil in only 0.25 s, requiring the control
system to perform mode transitions and tracking within an
extremely short timeframe. Furthermore, the setup models a
high-density traffic environment equivalent to 60 to 70 vehi-
cles per kilometer. This high-occupancy scenario allows for
a rigorous verification of the system’s responsiveness to fre-
quent and dynamic power demands.

The experimental evaluation utilizes the solar irradiance
profiles previously introduced in Fig. 7 (Day 1: Stable, Day
2: Fluctuating) as the PV input. By applying these real-world
fluctuations to the bench-scale model, the robustness of the
proposed control algorithm and the buffering effect of the
EDLC are thoroughly assessed.

C. EXPERIMENTAL RESULTS (DAY 1)
For clarity in interpreting the experimental waveforms, the
schematic diagram of the proposed system is re-illustrated in
Fig. 12. The definitions of the variables used in the evaluation
are as follows:

• PPV : Output power from the PV
• ηMPPT : MPPT efficiency
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FIGURE 9. The bench-scale experimental apparatus highlights the hardware integration of the solar array simulator, the shared-leg power converter,
and the DWPT mechanical setup.

FIGURE 10. A block diagram detailing the integration between the control PC (PE-Expert4), the power conversion stages, and the mechanical DWPT
apparatus.

FIGURE 11. Coupling coefficient k.

• VEDLC : Voltage across the EDLC
• PGrid : Output power from the power grid
• PDWPTin: Power transmitted from the inverter
• PDWPTout : Power consumed by the load
• ηDWPT : Power transmission efficiency of the DWPT
system

FIGURE 12. Re-illustrated schematic diagram of the proposed system.

The switching frequencies are configured at fLeg = 85 kHz
for the leg-shared stage and fDAB = 50 kH z for the DAB
converter.

Fig. 13 presents the bench-scale experimental results for
Day 1, which represents the stable solar radiation scenario.

44624 VOLUME 14, 2026



N. Murayama et al.: Leg-Shared System Integrating Grid-Connected Photovoltaic and DWPT

FIGURE 13. Bench-scale experiment results for Day 1.

First, as shown in Fig. 13(a), the PV output power suc-
cessfully tracks the maximum power point in response to the
simulated irradiance profile. Although transient power spikes
are observed at approximately 14 s and 56 s, attributed to
rapid irradiance changes and circuit interference inherent in
high-frequency operation 85 kHz, the system demonstrates
rapid convergence to a steady state, maintaining an average
MPPT efficiency of 78.5% even under accelerated time-scale
conditions shown on Fig. 13(b).

The core functionality of the leg-shared section is vali-
dated in Figs. 13(c) and (d), where the duty ratio transitions
instantaneously from its MPPT-controlled fluctuations to the
optimal fixed value of 0.5 during vehicle passage. This seam-
less switch between converter and inverter operations within a
single set of legs confirms the algorithm’s ability to prioritize
DWPTwhilemaximizing hardware utilization. Regarding the
EDLC’s role as a power buffer, Fig. 13(e) shows that the
voltage is controlled with exceptional precision, exhibiting
an average error of only 0.84% relative to the target, with the
peak error limited to 3.72% during transients. This stability is
reflected in the grid power behavior shown in Fig. 13(f); while
PGrid exhibits periodic fluctuations due to the DWPT-priority
control, the EDLC effectively absorbs both PV volatility and
abrupt load shifts, thereby mitigating direct power spikes to
the grid.

Finally, as shown in Figs. 13(g) and (h), the system
achieved an average transmitted power of 13.06 W and an
average received power of 10.06 W, resulting in a trans-
mission efficiency of 81.2%. These results prove that the
proposed system consistently fulfills the design goal of a sta-
ble 10Wpower supply in a simulated real-world environment
while maintaining a simplified circuit architecture.

D. EXPERIMENTAL RESULTS (DAY 2)
Fig. 14 presents the bench-scale experimental results for
Day 2, which features volatile solar irradiance conditions
caused by simulated cloud cover.

First, examining the PV response in Fig. 14(a) reveals
that the proposed system’s MPPT control rapidly adapts to
abrupt irradiance changes. While transient spikes similar to
those in the stable scenario are observed, they represent the
inherent physical response to stochastic disturbances under
the accelerated time scale. Notably, the MPPT efficiency
under these volatile conditions reached 85.2% shown in
Fig. 14(b), exceeding the results from Day 1. This confirms
that the leg-shared converter maintains high dynamic respon-
siveness and tracking accuracy even under severe irradiance
fluctuations.

FIGURE 14. Bench-scale experiment results for Day 2.

The behavior of the leg-shared section is further illus-
trated in Figs. 14(c) and (d). To accommodate the shifting
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PV output, the duty ratio undergoes frequent and signifi-
cant adjustments during MPPT operation. However, at the
moment of vehicle passage, the control precisely transitions
to the fixed value of 0.5, mirroring the stability observed on
Day 1. The fact that the DWPT inverter operation remains
unaffected by intense irradiance volatility underscores the
robustness and high responsiveness of the proposed switching
algorithm.

Regarding system stability, Fig. 14(e) shows that the
VEDLC average tracking error remains within 0.93%, with
the with the peak error limited to 3.73%, maintaining
exceptional stability comparable to the stable irradiance
scenario. This precise voltage regulation prevents sharp
PV fluctuations from propagating to the DWPT load or
the utility grid. Consequently, as shown in Fig. 14(f),
the EDLC appropriately counteracts the variations in
solar generation, effectively suppressing abrupt grid power
fluctuations and mitigating the burden on the external
power source.

Finally, the DWPT performance is summarized in
Figs. 14(g) and (h). The average transmitted power was
13.35 W, and the average received power was 10.70 W,
resulting in a transmission efficiency of 80.2%. This per-
formance is nearly equivalent to the 81.2% achieved on
Day 1, proving that the system reliably fulfills the design
target of a stable 10 W received power regardless of weather
conditions. These results validate the effectiveness of the
proposed leg-shared DWPT system as a robust power sup-
ply infrastructure that ensures consistent energy delivery
through intelligent power buffering and mode-switching
control.

E. DISCUSSION ON STABILITY AND PRACTICAL
SCALABILITY
The experimental results for both Day 1 and Day 2 scenarios
demonstrate the robustness of the proposed system.

Although the solar irradiance profiles differed signif-
icantly, the coordinated control effectively managed the
power flow in both cases. Specifically, while Day 1
showed smoother transitions, the maximum voltage deviation
occurred during the aggressive fluctuations of Day 2, where
it was suppressed within 0.93% of the rated voltage.

This stability under disparate weather conditions pro-
vides quantitative evidence of the grid-impact mitigation.
Since the EDLC-based buffer absorbed the high-frequency
power spikes, the power grid was effectively shielded from
these transients. Regarding the scalability, although the cur-
rent validation was conducted at a 10 W bench-scale, the
underlying principles of the leg-shared architecture and the
integrated control laws are not limited by power capacity.
In practical kW-class infrastructure, high-power semiconduc-
tors (e.g., SiC or GMOSFETs) and their associated cooling
systems are the primary drivers of system cost and vol-
ume. Therefore, the 33.3% reduction in switching elements
achieved by the proposed leg-sharing topology becomes even

more significant at scale, leading to a direct reduction in
hardware footprint and material costs.

Additionally, from the perspective of efficiency and ther-
mal management, reducing the number of power devices
inherently minimizes the sources of conduction and switch-
ing losses. This simplicity simplifies the thermal design of
heat sinks in high-power applications. By scaling the semi-
conductor ratings and passive component values based on
standard power electronics design principles, the proposed
system can be implemented in kW-class practical infrastruc-
ture while maintaining high efficiency.

Moreover, the achieved DC bus stability within 0.93% is a
normalized performance indicator; since the control strategy
manages power mismatch ratios rather than absolute val-
ues, these results serve as a reliable proxy for high-power
performance.

The validity of these results is further reinforced by the
aggressive time compression (70 s vs. 24 h). By compressing
the daily solar cycle into a very short duration, the control
system was subjected to power fluctuations that are much
more rapid and extreme than those encountered in real-time
environments. Success under these stringent conditions con-
firms that the control bandwidth is sufficiently wide to track
aggressive transients. Because practical real-time dynamics
are much slower, the required control sampling rates and
response times remain well within the capabilities of standard
industrial controllers. This demonstrates a high safetymargin,
suggesting that the proposed integrated control can reliably
manage the relatively slower dynamics of practical kW-class
infrastructure.

V. CONCLUSION
This study has presented a novel integrated architecture
for PV generation and DWPT to facilitate carbon neu-
trality and extend the cruising range of EVs. The pro-
posed system addresses the challenges of low hardware
utilization and grid instability. The system integrates the
PV boost DC–DC converter and the DWPT full-bridge
inverter using a leg-shared configuration. This architecture
reduces the switching element by 33.3%, contributing to
significant circuit simplification and equipment miniatur-
ization. Furthermore, the integration of an EDLC-based
power buffer effectively smooths the stochastic fluctua-
tions of PV output and the intermittent power demands
of DWPT.

The effectiveness of the proposed system was validated
through bench-scale experiments. The results confirmed that
the system maintains a high MPPT efficiency, reaching
an average of 85.2%, even under rigorous time-scale fluc-
tuations. Additionally, the DWPT transmission efficiency
exceeded 80%, successfully delivering a stable power supply
of 10 W. Regarding grid interaction, the EDLC successfully
absorbed abrupt power spikes. It ensured DC bus stability
within 0.93% of the rated voltage, providing quantitative
evidence of grid-impact mitigation.
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In summary, the proposed system demonstrates a robust
capability to provide a stable power supply and reduce
grid impacts while remaining resilient to weather conditions
and load variations. Future research will focus on fur-
ther enhancing MPPT efficiency through variable step-width
or incremental conductance methods and improving con-
trol tracking performance for high-speed highway scenarios
(exceeding 80 km/h). Furthermore, by scaling the prototype
to real-world power levels and developing coordinated con-
trol algorithms for multi-vehicle scenarios, the practicality of
this system for widespread societal implementation will be
further advanced.
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