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The demand for robust and reliable electric vehicle (EV) charging
infrastructure has accelerated the exploration of advanced
charging systems utilizing multiple energy sources. In this context,
a dual-input EV charger powered by Wireless Power Transfer
(WPT) and Photovoltaic (PV) sources is proposed in this paper.
The charger system employs a Proportional-Integral (Pl)
controller to regulate the output voltage by comparing it with the
required battery charging voltage. Given the nonlinear and time-
varying nature of the input sources, tuning the controller using
conventional ~methods proves inadequate. Therefore, a
metaheuristic-based optimization technique, known as the JAYA
algorithm, is utilized to determine the optimal PI controller

parameters for improved voltage regulation. The closed-loop
system performance is verified through MATLAB/SIMULINK
simulations, and further validated using a laboratory-developed
prototype controlled via an FPGA platform. The results
demonstrate that the JAYA-tuned controller significantly enhances
transient performance and voltage stability under various input
fluctuations and load disturbances. The practical implementation
confirms the effectiveness of the proposed system, offering a viable
solution for next-generation EV charging applications..
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1 Introduction

The global shift from Internal Combustion Engine (ICE) vehicles to Electric Vehicles (EVs) is
motivated by environmental sustainability, energy security, and fossil fuel depletion concerns,
alongside efforts by governments, industries, and organizations to reduce carbon emissions in
response to climate change. A primary challenge to EV adoption is the lack of convenient, sustainable
charging infrastructure and range anxiety. Most of the existing charging infrastructure is plug-in
charging [1] based, it is a mature and compatible mode of charging across EV models, but faces
challenges such as physical degradation of connectors, safety hazards from exposed terminals, and
inconvenience to users through manual handling particularly in extreme weather conditions. These
drawbacks bring attention to the necessity of a more dependable, user-centric solution. Consequently,
Wireless Power Transfer (WPT) [2] presents itself as a potential substitute, providing contactless,
automated charging which improves safety, convenience, and robustness. Moreover, WPT enables
dynamic charging, allowing EVs to charge while in motion, which significantly reduces range anxiety
and supports continuous mobility, but requires a very high infrastructure cost. So, a WPT based
charging system integrated with a on-board roof-top PV system energy serves the advantage of
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sophisticated charging and solves the range anxiety problem of the EV [3]. However, combining WPT
and PV systems for EV charging is challenged by the variability of solar output [4] and WPT’s
sensitivity to coil misalignment [5], necessitating consistent voltage regulation to protect battery
health [6]. To overcome these problems, multi-input single output (MISO) [7] converters are
employed which offer flexible integration of multiple energy sources with efficient power
management and reduced component count. They enhance system reliability, support renewable
inputs, and provide source redundancy for uninterrupted output.

Among multiple-input single-output (MISO) converter configurations, non-isolated dual-input
converters (DICs) are particularly favored due to their superior efficiency, compact size, cost-
effectiveness, and better dynamic response compared to isolated alternatives. Various DIC
architectures have been proposed for integrating multiple energy sources in electric vehicle (EV)
charging applications, yet many exhibit notable shortcomings. For instance, the converter in [8] is
limited to specific operating modes buck-boost or individual buck/boost and does not support
bidirectional energy flow. An improvement was suggested in [9] by introducing an extra switch to
enable reverse power transfer, but its scope was confined to storage-to-load scenarios. The solution
in [10] supported mode transitions and bidirectional operation using relays and diodes, though it
suffered from increased mechanical complexity and decreased system reliability. A more integrated
approach in [11] eliminated the use of relays and facilitated all modes with bidirectional flow;
however, it did not adequately address control challenges arising from fluctuating sources such as PV
and WPT systems. High-complexity designs like the coupled-inductor-based topology in [12] present
difficulties in controller implementation, while the solutions in [13] and [14] are either suitable only
for low-voltage systems or lack simultaneous dual-source energy merging capabilities. These
limitations highlight the necessity for a converter that balances compact design, mode versatility, and
robust control performance. The dual-input single-output (DISO) converter proposed in this study
fulfills these criteria. It employs a single inductor, three switches, and three diodes to support dual-
input boost (DIB), dual-input buck (DIBK), and dual-input buck-boost (DIbB) modes. A PI
controller, designed using a small-signal model of the converter, maintains output voltage stability
under varying source conditions [15]. The hardware implementation described in [16] demonstrates
the converter’s capability to efficiently integrate both WPT and PV inputs without relying on relays
or complex magnetic components, making it well-suited for practical EV charging deployments.

Effective control of DISO converters is crucial for managing power flow from multiple sources,
maintaining stable output voltage, and ensuring efficient and reliable operation especially in EV
charging systems. In [17], a DISO converter capable of operating in buck, boost, and buck-boost
modes is used to integrate an energy source and a battery to supply the desired load. A Lyapunov
control strategy is applied for closed-loop operation of the converter, ensuring global stability and
offering fast dynamic response. However, it faces challenges such as design complexity, sensitivity
to model inaccuracies, and a lack of dynamic performance optimization. Its implementation is also
computationally intensive, limiting practicality in real-time DISO converter applications. Similarly,
in [18], a DISO converter operating as a bidirectional buck and boost converter is controlled using a
sliding mode control strategy. Although its performance is more robust than the conventional PI
controller, it suffers from chattering effects, complex design requirements, and sensitivity to
measurement noise, which may pose challenges in real-time digital implementation. Reference [19]
proposes a super twisting control strategy to mitigate the chattering effect observed in [18], but this
approach also involves complex gain tuning and higher computational load. Its performance can still
be affected by system uncertainties and measurement noise. Likewise, in [20], a backstepping
controller with a nonlinear disturbance observer is implemented to minimize overshoot and
undershoot across various operating modes. While this method ensures strong stability and fast
voltage regulation, it demands precise modeling and intricate controller design. The main limitations
of these sophisticated nonlinear control methodologies are their complexity, making them difficult
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for implementation. There exists a strong requirement for easier, yet efficient control methods that
ensure ease of implementation and adequate performance. Here, optimizing a conventional PI
controller offers a practical and effective solution. Optimization-based tuning allows for parameter
selection for the controller in a systematic way to enhance the transient response, minimize overshoot,
and ensure robustness against input variations of particular interest for complicated systems such as
dual-input EV chargers.

Several recently developed bio-inspired algorithms such as Particle Swarm Optimization (PSO)
[21], Ant Colony Optimization (ACO) [22], and Genetic Algorithm (GA) [23] have been widely
adopted for designing feedback controllers in various power converter applications. In contrast,
conventional tuning methods like the Ziegler-Nichols (Z-N) approach, while simple and easy to
implement, suffer from limitations including dependence on sustained oscillations, inadequate tuning
under dynamic source/load conditions, and poor transient performance characterized by high
overshoot and longer settling times. These drawbacks make Z-N-based controllers less effective for
modern electric vehicle (EV) charging systems, especially those involving dual-input configurations
with variable sources like photovoltaic (PV) and wireless power transfer (WPT). To address these
limitations, optimization-based tuning offers a more adaptable and robust control strategy. Among
these, the JAY A algorithm has recently gained attention for its simplicity, parameter-free nature, and
ability to achieve fast convergence and reliable performance across diverse optimization problems
[24][25]. Robust controllers such as 2-Degree of Freedom (2-DOF) and Fractional Order
Proportional-Integral-Derivative (FOPID) have been developed using JAYA for high-performance
systems like magnetic levitation (maglev), providing insights into enhancing EV charging stability
[26]. Motivated by these strengths, this work employs the JAY A algorithm to optimize a PI controller
for a non-isolated Dual-Input Single-Output (DISO) converter and presents a comparative analysis
with the Z-N method to demonstrate the advantages of modern optimization-based control.

Hence, this paper focuses on the design of a feedback controller for a non-isolated Dual-Input
Single-Output (DISO) EV charger, with a comprehensive performance analysis under various input
and load disturbances. These include coil misalignments in the wireless power transfer (WPT) system,
solar voltage fluctuations caused by partial shading of photovoltaic panels, and variations in battery
reference voltages. A simple Proportional-Integral (PI) controller is proposed for regulating the DISO
converter, with its parameters optimized using the JAY A optimization algorithm, based on the small-
signal modeling of the converter. The performance of the optimized controller is experimentally
validated on a hardware test bench using an FPGA-based controller. Its effectiveness is evaluated and
compared against the conventional Ziegler-Nichols tuning method under various input and load
voltage fluctuation scenarios. The comparison is based on key transient performance metrics,
including peak overshoot, settling time, rise time, and Integral of Time-weighted Absolute Error
(ITAE), demonstrating the superior performance of the proposed optimized controller.

This paper is organized as follows: Section 2 provides a in detailed modeling of the proposed
dual-input EV charger, with dual energy fed sources such as wireless power transfer (WPT) and
photovoltaic (PV) systems, and JAYA optimization algorithm-based feedback controller design.
Section 3 describes the hardware setup of the systems. Section 4 presents the performance analysis
of the system based on proposed feedback controller and transients, comparison analysis of the
proposed algorithms with conventional Ziegler-Nichols method. Section-5 presents the conclusion of
the paper.
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2 JAYA ALGORITHM BASED PI CONTROLLER DESIGN
2.1 Modeling of PV-WPT sources fed Dual-Input EV charger with PI controller

Dual-input sources refer to the integration of renewable energy systems into EV charging setups. An
EV charger with dual inputs might draw power from both the electrical grid and renewable sources
such as solar panels or wind turbines. This setup allows the charger to utilize renewable energy when
available, reducing the environmental impact of the charging process. In this design, a dual-input on-
board EV charger is proposed, with wireless power transfer (WPT) serving as the primary energy
source and a rooftop photovoltaic (PV) panel mounted on the vehicle acting as the secondary source.
The block diagram and schematic of the proposed dual-input EV charger are shown in Figs. 1a and
1b, respectively. The modeling of the input sources and the on-board EV charger is described in the
upcoming sections.

Roof-top PV System
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Figure 1. Dual-input EV charger. (a) Block diagram of the dual-input charging system. (b) Schematic Diagram
of the Dual-Input On-board EV charger.

2.1.1 PV system

The PV system can be installed either on the rooftops of vehicles or on parking shelters to capture
sunlight and convert it into electrical energy. The basic equivalent circuit of a photovoltaic (PV)
module, based on the single-diode model, is shown in Fig. 2. This equivalent circuit includes key
components such as a photocurrent source, a diode, and resistive elements, among others.

Solar Ipy R,
Irradiation >
\}4 Iy I, .
Iph <T Ry, Cpy =< VPV

Figure 2. Equivalent circuit of PV cell.

The total current (Ipy) and voltage (Vpy,) are supplied to the EV charger. In the solar module, the
photocurrent (I,p,), diode current (I4, and the currents through the series and shunt resistances (.

and I, respectively) are represented by Equations (1) and (2).
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The relationship between Vpy, and V,; is, V; = Vpy + Ipy * R, . As the voltage drop across
the series resistance (Ry) is very low (as Rg = 0), hence Vp, = V.
where, Vpy, is open circuit voltage across the solar cell, I, is PV cell output current, Ip, is photo
current, [; is the light generated current, I is diode current, I is the shunt resistance current, V,
is diode forward voltage, n is the ideality factor, k is the Boltzmann constant, 7" is the reference
temperature, R; & R, are the series and the shunt resistance respectively and Cpy is the parallel
capacitor to eliminate high frequency components in the PV system which is fed into the DIbB
converter input.

2.1.2 WPT system

Wireless power transfer (WPT) is an emerging technology used to transfer electrical energy from
a transmitter to a receiver without physical connections, utilizing various methods and technologies
that rely on time-varying electric, magnetic, or electromagnetic fields. In the system, the rectified
grid source is fed to the inverter through a DC link. The inverter converts the DC power into high-
frequency AC, which is then supplied to the transmitter coil via a compensation network. The high-
frequency AC received by the compensated receiver coil is rectified and delivered to the EV charger.
The power flow diagram and basic circuit model of the WPT system are shown in Fig. 3a and 3b.
To enhance active power transfer, series-series compensation is applied, where two external
capacitors, C; and C,, are connected in series with the primary and secondary windings of the
system. This configuration improves the overall efficiency and performance of the WPT system.
The series—series (S—S) compensated high-frequency AC signal from the receiver coil (Rx) is
passed through a filter capacitor (Cypr) before entering the DIbB converter. This capacitor
effectively attenuates high-frequency components and minimizes voltage ripple, ensuring a
smoother DC input for the converter.
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Figure 3. (a) Power flow block diagram of the WPT system. (b) Simplified circuit for series—series
compensation. (c) Circuit suited for loop current analysis.
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Here, the WPT system model represented in [27] is shown through equations below: As shown
in Fig. 3¢, U; is high frequency single phase inverter output fundamental RMS voltage and is given
by Equation (3).

U, ===U,, (3)

Where, U,,; is the amplitude of the high frequency single phase inverter whose output has a
rectangular voltage profile. The loop currents analysis is given below, and the WPT system model
is represented through Equations (4) - (6) as shown below.

dis di,

1 pt . .
_u1+c_1f0 lldt+u61(0)+Rlll+L1?+M :0

at )

di di . 1t .
_de_tz‘l'Md_tl‘}'Rzlz_C_zfo lzdt—uCZ(O)—RleZO (5)
. 1 .
Isl] Ri+j (wL1 - a)_Cl) —jwM [iL]
= X |~
. . 1
Is, —jwM R, + Rz +] (sz - a)_Cz) Ve (6)
The receiver output voltage (U,) is given by,
. . j
U, = joMls, + Rls, + I, (—jwL, + w—CZ) (7)
The diode bridge rectified output voltage (i.e., Viyp¢) is given by,
2V2U.
Vipe = 225 )

2.1.3 Dual Input EV Charger

The equivalent circuit diagram of the proposed dual-input on-board EV charger is shown in Fig.
4a. The input sources, PV and wireless power transfer (WPT), are connected to a DC-DC converter,
operating as buck-boost converter to ensure that the input sources provide the required rated voltage
for EV charging. The modes of operation for the buck-boost configuration are depicted in Figs. 4b-
4e, with the corresponding timing diagram in Fig. 4f.

» Mode-I: In this mode, the load is powered entirely by the capacitor. The WPT system is
connected by turning ON switches S,,,,¢ and Sj,, allowing energy to be stored in the inductor
through diode D,,,,.

» Mode-II: In this mode, the output capacitor continues to supply power to the load. Switches
Spv» Swpt» and Spj, operates to link both the WPT and PV sources, thereby storing energy in the
inductor.

= Mode-III: Similarly, in this mode, the load is powered by the capacitor, while the inductor is
charged solely by the PV source through the operation of switches Sy, and Sj,5, and diode

Dpy.
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» Mode-IV: In this mode, both sources are isolated from the load, and switch S, is OFF. The
energy stored in the inductor is discharged to the load through diodes D,,,¢. and Dy,

The switching patterns for the different modes of operation are outlined in Table 1.

TABLE 1. Switching Pattern of the Dual-Input Converter for Different Buck-Boost Operation Modes.

Converter Modes of| Spv Dpv Swpt Dwpt Sbb Dob
Operation
Mode-1I OFF ON ON OFF ON OFF
Mode-II ON OFF ON OFF ON OFF
Mode-II1 ON OFF OFF ON ON OFF
Mode-1V OFF ON OFF ON OFF ON

+

"EV
Battery
+ L+
—_—n
prt
1
+
Spv
“EV -ar - -
. +
Battery Vv | OFF A Dpy
KA ST

"EV
Battery

"EV
Battery
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Figure 4. (a) Overall circuit diagram of Dual input converter. (b) Mode-I operation. (c) Mode-11
operation. (d) Mode-III operation. (e¢) Mode-1V operation. (f) Timing diagram of Dual-Input buck-boost
converter.

2.2 Mathematical modelling of the converter

The state-space model of Dual input Buck Boost (DIbB) converter is given below.

L 0][1L]: 0 _11+(d1+d2+d3) [ZL]
0 C ﬁc 1 - (dl + dz + dg) _? ﬁc
(10)
% + V-1 - Voy + 1, + V-1 -
n _MI/PT c] d, + _PIV WPT c] ds
L L
v, 0 -1 0 0 0 0 0
il _ dl 0 I:iL:I O 0 [ﬁpV ] IL 3 O 3 O 3
| |d, 0 [I¥ + 0 OflPwer * 0 di+ I, dz + 0 s (11)
i3 d; 0 00 0 0 I

For obtaining the equivalent signal model the state Equation (10) is expanded and is given below:

di -
Ld—tL =—(1—-dy —d, —d3)¥, + (dy + d3)Vpy + (dy + d3)Viypr
+(Vpy + Ve)dy + (Viwpr + Ve)ds + (Vpy + Vigpr + V) ds (12)
ave 1. ~ . ~
CW: 1-d, —d, _dB)lL_Evc_ILdl — I, dy —1,d; (13)

Similarly, the Equation (11) to form output equation as below,
Vo = =V, il = dliL + ILdl

. y 5 . 5 (14)
ly =d2lL+ILd2; l3 =d3lL+ILd3
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The proposed system equivalent small signal modal circuit is shown in Fig. 5, and the transfer
function of the small signal model of the proposed system is given below:

vc(s) _ [1-(datda+ds)](Vpy+Ve)—sLIL (15)
dq(s) sZLC+s%+[1—(d1+d2+d3)]2
vc(s) _ [1-(datda+ds)|(Vwpr+Ve)—sLIy (16)
dz(s) szLC+s%+[1—(d1+d2+d3)]2
ve(s) _ [1-(d1+da+d3)](Vpy+Vwpr+Ve)—sLiy (17)
ds(s) SZLC+S%+[1—(d1+d2+d3)]2

The inputs to this model include three duty cycles, d;, d, and d5, along with the source voltages
Vpy and Vi pr . The duty cycles are adjusted by the PI controller. The model evaluates the
converter’s output voltage V, (i.e., Vi ), compares it to the rated voltage, and computes the error,
which is then fed into the PI controller. The PI controller calculates the necessary adjustments to the
duty cycles d,, d, and ds. The initial values for the duty cycles, dgy, do, and dys, are carefully
chosen to ensure optimal performance.

(Vey + Vo)dy (Ve + Vivpr + Ve)ds L 5 (L=di=di—ds)

GO GO GO &
H (VWPT + Vc)gz IC L
I.d; — d1Vpy = =
L dlzL ' T ‘LIL T (S9] . y
o 5
= Sl +
+ gl.‘ + I ggz = +
L C 3 d2Vwer b |::| [4] SR ONMES T Yo
Ipdy dair, ) a, c :'L & |t
= ~
Vwer + Vpy |:|:| +
d3s(Vwer + Vpv)
ILdg ngL i

Figure 5. Proposed system equivalent small signal model circuit.

2.3 Problem formulation:

The block diagram of the EV battery charger with a PI controller is illustrated in Fig. 6. The objective
is to determine the optimal values for K;, and K; to ensure the output voltage of the EV charger
remains constant throughout the battery charging process. If V,.. ¢ is the rated output voltage of the
charger and V, is the instantaneous output voltage, constant voltage charging can be achieved by
maintaining V, equal to V,..r . Let the error be defined as (e) = V;..r — V,, representing the
difference between the rated and actual output voltages of the charger. The goal is to find the
optimal values for the controller constants K, and K; that minimize this error. This task can be
formulated as an optimization problem, as shown in Equation (18) with the objective to minimize
the error subject to certain constraints.
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Figure 6. Block diagram of the Dual-Input On-Board EV charger with feedback Controller.
tsim
F¥Y) = fO t - Vier — Vol dt (18)

Lp(lower) S¥Y< lP(upper)
where, ts, = simulation time, t = Structural Interval and, ¥ = K, K; in the controller
structure. It may be noted that the minimum and maximum values of K, and K; are obtained using
the small signal model developed in Equations (15)- (17).

2.4 PI controller parameters Optimization through JAYA Algorithm

The JAYA algorithm is a metaheuristic optimization algorithm based on swarm intelligence; it is a
parameter-free optimization method that iteratively improves candidate solutions. Named after the
Sanskrit word for "victory," it aims to move towards success by optimizing solutions based on their
performance. It updates each solution by moving towards the best and away from the worst in the
population, effectively balancing exploration and exploitation. Various steps through which the PI
controller parameters are optimized is shown as a flowchart in the Fig. 7a and the parameters
updation process in shown graphically in the Fig. 7b below,
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Figure 7. (a) JAYA algorithm Flowchart. (b) K,, K; Parameters updation for proposed dual-input EV
charger.

3 HARDWARE DESCRIPTION

The experimental setup comprises a PV system, a WPT system, and a dual-input EV charger with
buck-boost functionality. A SM100-AR-75 solar emulator is used to simulate the PV system, capable
of adjusting voltage (0-100V) and current (0-16A). It supports digital constant voltage (CV) and
constant current (CC) modes, with an Ethernet (100 Mb/s, RJ45) and USB interface for data
exchange. The WPT system consists of an H-bridge inverter using SCH2080KE SiC MOSFETs
(1200V, 40A, 1 MHz), Litz wire coils (0.177 mH), and a polarized capacitor bank (18.75 nF) for
compensation. Power is rectified by an MUR30120 ultra-fast recovery rectifier.

The dual-input converter uses SKM 75GB063D IGBTs (600V, 100A), a 5 mH iron-core inductor,
and a 2200 pF electrolytic capacitor (450V). The EV battery bank consists of five 12V, 6AH LiFePO4
batteries (71V total). A Hall effect sensor (HE055TO01) and 1C7440 measure currents and voltages,
amplified by AD8022 op-amps and digitized via an AD7366 ADC. A SPARTAN-6 FPGA and
XILINX CPLD (XC2C258) generate PWM signals, while a CY7C68013A USB microcontroller
provides communication. Code is uploaded using the XILINX ISE design suite via JTAG. The
complete hardware setup is shown in Fig. 8.
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Figure 8. Hardware setup of the dual-input on-board EV charger.

4 RESULTS & DISCUSSION

A custom MATLAB program has been developed for designing the feedback controller using the
JAY A algorithm. The parameters for the JAY A algorithm were determined through trial and error,
as detailed in Table 2. Since JAYA is a population-based optimization technique, Fig. 9 shows the
evolution of the objective function value for the best control parameters over iterations. The
convergence is rapid, with the objective function value (ITA error) reaching as low as 0.0075692
after 30 iterations. Consequently, the optimized feedback controller constants are found to be Kp
=0.2449 and K; = 14.8089 following these 30 iterations.

Table 2. JAYA Algorithm Parameters Considered During Optimization.

Parameter Value
Population Size 30
Iterations 30
r, r1, 2 (Random Numbers) [0, 1]
10,55 107 JAYA algorithm Convergence graph
)
L 9.5f
I
S
o9
<
j
= 8.5f
8 -
7.5 . Rttt
0 5 10 15 20 25 30

No. of Iterations

Figure 9. Convergence graph of the JAYA algorithm.
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The FPGA-based dual-input on-board EV charger, as shown in Fig. 1b, was developed in the
laboratory for the purpose of charging the EV battery at a constant voltage. Waveforms were
recorded during testing, and the measured results are presented alongside the simulation results,
covering various cases based on the connected input sources. The analysis considers several
parameters, including Vy, pr (input voltage from the WPT system to the DIbB converter), Vpy,
(input voltage from the PV system to the DIbB converter), V; (terminal voltage of the DIbB
converter), I,,; (output current of the DIbB converter, or the EV battery charging current), Vg,
(receiver coil voltage), and I, (receiver coil current).

4.1 Performance analysis of the Dual-Input EV charger

4.1.1. Case-I(a) (No change in the Input, Output parameters): In this case, the operation of the
proposed charger, utilizing the JAY A algorithm-optimized control parameters, is observed while
charging the EV battery at a constant voltage of 71V. This is achieved with a perfectly aligned Tx
and Rx coil setup in the WPT system, resulting in a constant V},pr, and a PV system operating
under constant irradiation of 1000 W/m?, with six solar panels of 6V each, connected in series
forming a string accounting to a voltage Vp,, of 36V. The input voltages to the DIbB converter,
along with the output EV battery charging voltage and current, are illustrated in Fig. 10a
additionally, the high-frequency voltage (Vz,) and current (Ig,) of the WPT system’s receiver
coil are shown in Fig. 10b.
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Figure 10. (a) Voltage and Current Waveforms during No step change in input parameters. (b) WPT
system Receiver coil voltage (Vry) and current (Iry).

4.1.2. Case- I(b) (Step change in the Input voltages): In Case-I(a), the stable EV charger operates
under voltage variations from both the PV and WPT systems. In series-connected PV panels,
partial shading due to clouds, trees, or other obstacles causes power mismatches. To mitigate this,
bypass diodes activate, providing an alternate current path but reducing the overall PV voltage,
leading to step voltage changes in the dual-input buck-boost (DIbB) converter. Despite these
variations, the JAYA-optimized PI controller effectively regulates the charging current. A
detailed analysis of this control action is shown in Fig. 12. In Region-1, one 6V panel is bypassed
due to partial shading, reducing the PV voltage from 36V to 30V, while in Region-2, two panels
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are bypassed, further lowering the voltage to 24V. Nevertheless, the controller maintains stable
charging. All these PV system voltage variations are replicated using a PV simulator in the
developed system.

i) PA ii) PM iii) AM iv) PM & AM
Figure 11. Various Misalignments between the transmitter receiver coils in WPT system
(i) Perfectly aligned (PA) (ii) Planar Misalignment (PM) (iii) Angular Misalignment (AM)
(iv) Planar & Angular Misalignment (PM & AM)

Further, Regions-3, 4, and 5 focus on the impact of misalignment in the WPT system. As the
receiver (Rx) coil experiences positional shifts relative to the transmitter (Tx) coil as depicted in
Fig. 11, variations in mutual inductance (M) cause fluctuations in the induced receiver voltage
(Vwpr). These sudden voltage deviations could potentially disrupt the charging process.
However, the JAY A-based controller continues to exhibit superior adaptability, ensuring that the
charging current remains within the desired range under all misalignment conditions.

The effectiveness of this control approach is comprehensively illustrated in Fig. 12, while a
detailed transient response analysis of all disturbance regions is presented in Table 3. The results
affirm the robustness of the JAYA-optimized PI controller, demonstrating its capability to
mitigate step voltage changes from PV shading and compensate for inductance variations in
WPT-based power transfer ensuring seamless and stable EV charging.

Table 3. Load Current Transient Response for PV Irradiation Variation and WPT Coil Misalignments.

. Transient P?ak % Rise Time | Settling
Step changes in . Time .
Regions (sec) Overshoot (sec) Time (sec)
Region-1 0.400 -17.9 0.052 4.925
PV system

Region-2 0.375 -14.04 0.175 2.450

Region-3 0.800 46.87 0.100 2.700
WPT system Region-4 0.375 14.00 0.075 1.950

Region-5 0.475 -28.15 0.275 2.150

Note: A negative sign indicates undershoot.
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Figure 12. Voltage and Current Waveforms during step change in inputs.

4.1.3. Case-I(c) (Change in the Load parameters): In this study, the output terminal voltage
reference of the EV charger is subjected to abrupt variations, demonstrating the impact of
adjustable terminal voltage in EV charging. Such adaptability is essential for accommodating
different battery chemistries, charge levels, and power sources, thereby enhancing charging
efficiency and prolonging battery lifespan. This flexibility is particularly crucial in multi-vehicle
charging stations that must cater to diverse voltage requirements. To ensure stable voltage
regulation and mitigate input fluctuations, an advanced control strategy is employed. Here, the
JAY A algorithm-optimized PI controller is evaluated by analysing the charger’s current response
under dynamic voltage adjustments.

The performance assessment, illustrated in Fig. 13, is further detailed through a zoomed-in view
of the terminal voltage and current, highlighting key regions where reference voltage transitions
occur. In Region-1, the preset terminal voltage of 68V is suddenly increased to 71V, causing the
charging current to rise from 0.6A, eventually stabilizing at approximately 1.1A. Similarly, in
Region-2, when the voltage is reduced back to 67V, the charging current correspondingly drops
to 0.4A. In Region-3, the terminal voltage is increased to 72V, leading to a controlled rise in
charging current from 0.5A to around 1.4A. Despite these abrupt voltage variations, the smooth
and stable transitions in the charging current demonstrate the robustness of the proposed control
strategy in maintaining system stability and performance. These results validate the effectiveness
of the JAY A-based PI controller in ensuring seamless charging operation, even under sudden
voltage fluctuations, making it a reliable solution for next-generation EV charging applications.
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Figure 13. Voltage and Current Waveforms during step change in battery charging voltage.

4.1.4. Case-II (Performance analysis of the proposed JAYA algorithm-based charger compared with
the Zeigler-Nichols control method under various WPT system misalignments): In this scenario, the
performance of the proposed JAYA algorithm-based charger is compared with the conventional
Zeigler-Nichols method of converter gain estimation, a standard approach for converter control, here
we have adapted the ultimate gain and period method which has following steps,

1.
2.

[98)

Set K,= 0 and Kz = 0 to configure the system as a P controller only.

Gradually increase the proportional gain (K,) until the system output shows sustained
oscillations (constant amplitude).

Record the gain at which sustained oscillation occurs; this is the ultimate gain (K,, = 0.53).
Measure the period of one full oscillation cycle; this is the ultimate period (P, = 0.005
seconds) as shown in Figure 14.

60.808

60.8075

60.807

60.8065

60.806

60.8055[

0.37415 0.3742 0.37425 0.3743 0.37435 0.3744 0.37445 0.3745 0.374

Figure 14. Sustained oscillations of the converter output voltage for ultimate gain of K,;=0.53.

5.

6.

Apply Ziegler-Nichols tuning rules for a PI controller:

a) Kp=045xK,=045%x0.53=0.24
b) T;=PB,/1.2=0.005/1.2=0.0042 seconds
c) Ki=K,/T;=0.24/0.0042=57.14
Final PI controller parameters: K,= 0.24; Ti = 0.0042 seconds; Ki= 57.14

The charger, initially operating in a stable state, is tested under voltage variations due to possible
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misalignments between the Rx coil and the Tx coil in the WPT system, as discussed earlier.
Performance comparisons focus on the WPT system’s voltage fluctuations, as observed in Case-
1b, where WPT system variations more significantly impact charger performance than PV voltage
variations. The effects of these misalignments on the charging current are analyzed across various
regions, as illustrated in Fig. 12. In Region-1, the Rx coil experiences angular misalignment with
the Tx coil, causing an increase in receiver voltage and a reduction in receiver current, leading to
arise in charging current. This increase is effectively managed by the JAY A algorithm-optimized
PI controller, as previously discussed. In Region-2, combined planar and angular misalignments
in the receiver lead to further increases in receiver voltage at the cost of reduced receiver current.
The controller subsequently restores the charging current to the reference value. Similarly, in
Region-3, the Rx coil undergoes planar misalignment, and the proposed controller efficiently
regulates the charging current. For clarity, a zoomed-in view of each region is provided in Fig.
15a for JAYA algorithm-based control and Fig. 15b for Zeigler-Nichols control with the control
parameters calculated. To further clarify performance differences, transient parameters for each
region are summarized in Table 4. Additionally, a bar graph in Fig. 16 illustrates a comparison
of time-domain specifications for both control methods, clearly demonstrating the superior
control stability offered by the proposed JAY A algorithm.
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Figure 15. Voltage and Current Waveforms with various misalignments in WPT input. (a) JAYA Algorithm.
(b) Ziegler Nichols method.

Table 4. Transient Response Performance: Proposed Controller vs. Zeigler-Nichols Method under WPT Coil

Misalignments.
Method of Transient Regions Peak Time % Rise Time | Settling Time

Control (sec) Overshoot (sec) (sec)
JAYA Algorithm Region-1 (AM-5¢°) 0.3500 39.04 0.0750 3.27
Region-2 (PM-5cm & 0.6000 20.01 0.0750 2.05

AM-5°)
Region-3 (PM-5cm) 0.9750 -28.01 0.5000 2.875
Zeigler-Nichols Region-1 (AM-5¢°) 0.3750 47.05 0.1000 6.10
Method Region-2 (PM-5cm & | 0.7250 21.59 0.0500 4.075

AM-5°)
Region-3 (PM-5cm) 0.6750 -58.50 0.2750 4.275

Note: A negative sign indicates undershoot.
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Transient Response Comparison for JAYA Algorithm and Zeigler-Nichols Method
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Figure 16. Bar graph illustrating the comparative performance analysis of the JAYA algorithm-based
control versus the Zeigler-Nichols method of control.
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S CONCLUSIONS

With the growing adoption of electric vehicles (EVs), the development of reliable and efficient on-
board charging systems has become increasingly important. This paper presents the design and
evaluation of a feedback controller for a dual-input EV charger powered by photovoltaic (PV) and
wireless power transfer (WPT) sources. The JAY A optimization algorithm is employed to tune the
controller parameters, aiming to regulate the output voltage at a constant level throughout the
charging process.System performance were assessed under varying conditions, including step
changes in input power and coil misalignments in the WPT system. Compared to the conventional
Ziegler-Nichols (Z-N) tuning strategy, the JAYA-tuned controller demonstrated significantly
improved response characteristics. These included faster settling times, reduced overshoot, and
enhanced system stability, particularly under fluctuating power supply from both PV and WPT
sources. The ability to maintain constant voltage charging highlights the controller's effectiveness for
hybrid energy-based EV charging systems.

However, the approach has certain limitations. When implemented in real-time hardware, algorithm-
based control demands considerable computational resources and may introduce latency, potentially
affecting system responsiveness. The performance is also sensitive to parameters such as population
size and the number of iterations, which can influence convergence speed and control stability.
Additionally, the integration of such algorithms increases system complexity and may require more
advanced hardware, impacting cost and design effort. In conclusion, the JAY A-based controller, as
demonstrated through hardware implementation, offers clear advantages over conventional tuning
methods for dual-input EV chargers, particularly in achieving faster dynamic response and improved
stability. Future work can focus on refining real-time adaptive strategies and optimizing algorithm
efficiency to further enhance performance in practical applications.
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APPENDIX
Table 5. Parameters of WPT System, and Buck-Boost Converter.
WPT System Buck-Boost Converter
Parameter Value Parameter Value
Wire type Litz Input Voltage 36V to
Range 200V
Coil turns 28 Output Voltage 71V
Frequency (kHz) 85 Voltage Ripple 0.1V
Self-inductance 177 Switching 20kHz
(uH) Frequency
Capacitor (nF) 18.75 Load Current 2.4A
Length (cm) 36 Duty Cycle (Min)|  0.664
Width (cm) 36 Duty Cycle 0.262
(Max)
Coil shape Square Inductor Value | 3.8mH
Capacitor Value | 420uF
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