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Abstract—It is ideal for the wireless power transfer (WPT)
systems to operate at the resonance state for better transmis-
sion performance. In practice, however, the parameters of the
resonant circuits often deviate because of the capacitance drift
and coil misalignment. To this end, this paper proposes a new
parameter estimation method for the WPT systems, which is able
to facilitate the power flow control and active impedance tuning
of the WPT systems under parameter deviations. Distinct from
the traditional parameter identification methods , the proposed
method is implemented with an short-circuited rectifier, and
therefore, the whole estimation process is independent of the load
variations. Furthermore, to avoid severe system detuning during
the frequency-sweeping process, a dynamic frequency sweeping
method is proposed to efficiently and safely extract the data of the
primary and secondary coil currents. Based on the extracted data,
a mathematical model is established, and the JAYA algorithm is
utilized to identify the unknown parameters. Experimental results
are presented to verify the estimation accuracy of the proposed
method.

Index Terms—wireless power transfer, parameter estimation,
the JAYA algorithm

I. INTRODUCTION

Wireless power transfer (WPT) is regarded as a promising
charging solution for many industrial applications, such as
consumer electronics, underwater devices, medical equipment
and electrified transportation [1]-[4]. For the WPT systems,
the coils can be regarded as a loosely coupled transformer,
and the compensation for the leakage inductances is important.
Among all of the existing compensation topologies, the SS
compensation is the most commonly-used topology due to
its simple structure and the load-independent output current
characteristic [5]. For the SS compensation, the compensa-
tion capacitors are designed to be resonant with the self-
inductances of the coupled coils at the designed resonant
frequency. For instance, 85 kHz is usually selected as the
resonant frequency in many applications. However, in practice,
it is challenging to ensure that the system works in the
resonance state due to the parameter deviations caused by
capacitance drift and coil displacement. Since the deviations
of these parameters are inevitable and unpredictable, the WPT
systems may work in a non-resonance state, resulting in
reduced efficiency and lower power factor [6]. From another
point of view, if these unknown parameters can be estimated,
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then the active impedance tuning can be implemented to enable
the system works at resonance. Additionally, the estimation of
the mutual inductance also plays an important role in achieving
optimal power flow control and maximum efficiency tracking
for the WPT systems.

In recent years, many research efforts have been devoted
to the parameter estimation of the WPT systems, most of
which are based on the frequency sweeping. In [7], Yin et
al. presented a primary-side monitoring method to estimate
multiple loads for the multi-coil WPT systems. Furthermore,
in [8], Yin et al. extended their work to identify the mutual
inductance and load resistance. By scanning the operating
frequency around the resonant frequency, the mutual induc-
tance and the load conditions are estimated with only the
primary-side voltage and current. It should be noted that in
[7] and [8], the least square approximation (LSA) algorithm
is used to find the optimal solutions. However, according to the
analysis in [9], the method based on the heuristic algorithm is
able to obtain the optimal solutions more efficiently than the
LSA for the systems with multiple variables. As a result, the
genetic algorithm (GA) is firstly introduced in [10] to estimate
the unknown parameters. Nevertheless, for the GA algorithm,
several algorithm-specific parameters, i.e., the crossover and
mutation rates, is required to be adjusted manually. For this
reason, the adaptive differential evolution (ADE) algorithm
is then proposed in [9]. Based on the fitness values of the
individuals, the crossover and mutation rates are adaptively
tuned in each iteration. However, the crossover and mutation
rates are required to be updated in each iteration, resulting
in an increased computational complexity. In [11], a gradient
descent method is adopted to obtain the optimal solutions.
However, this method needs to solve the partial differential
for each unknown parameter, which significantly increases the
difficulty of mathematical modelling.

On the other hand, the traditional frequency-sweep-based
methods generally sweep the frequency near the resonant
frequency point [7]-[11], which may lead to severe system
detuning when the parameters of the resonant circuits and
the load conditions vary in a wide range. Such severe sys-
tem detuning results in remarkable coil currents and power
fluctuations, jeopardizing the safe operation of the system.
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Fig. 1. Topology of the investigated WPT system.

To address the above issues, a new parameter estimation
method is proposed to identify all the unknown parameters
of the resonant circuits. With the rectifier short-circuited
during the parameter estimation process, the proposed method
prevents significant power fluctuations caused by the fre-
quency sweeping. Subsequently, a dynamic frequency sweep-
ing method is proposed to extract the required data under
multiple frequency points. Finally, a simple and easy-to-follow
heuristic method, i.e., the JAYA algorithm, is incorporated to
estimate the unknown parameters. Experimental results are
presented to validate the effectiveness of this work.

II. PROBLEM FORMULATION

The most-commonly used series-series (SS) compensation
topology is utilized in the studied WPT system, as illustrated
in Fig. 1. Moreover, an active rectifier is employed in the
receiver side. The active rectifier enables the dual-side con-
trol [12], bidirectional power flow [13], maximum efficiency
tracking [14], and active impedance tuning [15], which has
attracted more and more attention from the researchers in
the field of WPT. In this paper, the active rectifier is also
considered to implement the proposed method. Moreover, in
Fig. 1, the compensation capacitors C'p and Cg are adopted to
compensate the coil self-inductances Lp and Lg. Rp and Rg
are the loss resistance of the primary and secondary resonant
circuits, while Ry, is the load resistance. R represents the
equivalent resistance seen from the ac-side of the rectifier.
The dc input and output voltages are denoted by Uj;,, and U,,
while ip and ¢g indicate the coil currents on the primary and
secondary sides, respectively. The mutual inductance is given
by M = k+/LpLg, where k is the coupling factor of the coils.

In the real applications, due to the coil misalignment and
capacitance drift, the parameters of Lp, Lg, C'p, and C's may
vary significantly, resulting in an impedance mismatch of the
resonant circuits. On the other hand, the information of M
is also very important in the power flow control. Therefore,
it is preferred to estimate all of the unknown parameters to
facilitate active impedance tuning and optimal power flow
control for the WPT systems.

In order to estimate multiple unknown variables, traditional
parameter estimation methods acquire the required data by
scanning the frequency near the resonant frequency. Never-
theless, when the deviations of the system parameters vary
in a wide range, severe system detuning may occur due
to the frequency variations. Considering both the impact of
capacitance drift and coil misalignment in the real applications,

TABLE I
PARAMETERS OF THE INVESTIGATED WPT SYSTEM

Symbol  Value Symbol  Value

Lp 3275 ~3355uH  Lg 216.5 ~ 222.7 pH

k 0.22 ~ 0.35 D 10 ~ 15 cm

Cpo 10.45 nF Cso 15.74 nF

dp -0.2 ~ 0.2 dg -0.2 ~ 0.2

Ry, 100 © Rac 5~810Q

Uin 200 V N 85 kHz
o KRR el
3s5) /| "Maximum current —Adp=-0.2,ds=0.2 |

—¥—dr=0, ds=-0.2
——dr=0, ds=0
—<—dr=0, ds=0.2
——dr=0.2, ds=-0.2
dr=0.2, ds=0 B
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Fig. 2. Value of Ip; under the combined effects of capacitance drift and
frequency variations in the case of Rac = 20 Q, k = 0.22.

the detailed parameters of the studied system are illustrated in
Table 1. In Table I, fy is the nominal resonant frequency,
while D is the air gap between the primary and secondary
coils. To investigate the influence of coil misalignment, the
air gap D is varied between 10 and 15 cm. Due to the
variation of the air gap, the parameters of Lp, Lg, and k
are also varied, as shown in Table 1. Moreover, in Table I, the
nominal values of the compensation capacitors are denoted by
Cpo and Cgg, while dp and dg represent their corresponding
degrees of capacitance drift. The actual primary and secondary
capacitances, therefore, can be given by Cp = (14 dp)Cpg
and Cs = (1 + dg)Cso, respectively.

Based on the parameters listed in Table I, the RMS value
of the fundamental primary coil current, namely Ip;, is
investigated at varying frequencies. Fig. 2 presents an example
of how Ip; varies under the combined effects of capacitance
drift and frequency variations. In Fig. 2, the conventional
frequency-sweeping band is set as 75 ~ 95 kHz to guarantee
that sufficient frequency points can be swept. When there is
no drift in the capacitors, as shown in the purple line of Fig.
2, the variation of the coil currents caused by the frequency
variations are relatively small. However, when the values of the
capacitor vary in a wide range, the frequency variations lead
to significantly increased coil currents. Specifically, under the
case of dp=0.2, dg=-0.2, the maximum value of Ip; reaches
42.3 A at 75.8 kHz.

It should be mentioned that Fig. 2 only presents the results
under the case of Rac = 20 Q,k = 0.22 as an example.
To further demonstrate the influence of the coupling changes
and load variations, the maximum value of Ip; under different
values of R4¢ and k is visualized in Fig. 3. As shown in Fig.
3, the maximum value of Ip; is inversely related to R and
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Fig. 3. Maximum value of Ip; under different values of R4 and k.

k. This indicates that when R 4¢ and k are small, more severe
system detuning may occur due to the frequency scanning.
The worst case in Fig. 3 is under the case of R4c = 5 €2 and
k = 0.22, where the maximum value of Ip; reaches more
than 100 A.

Based on the above analysis, when the parameters of the
resonant circuits and the load conditions deviate in a large
range, sweeping the frequency around the resonant point
may dramatically increase the value of the coil currents,
jeopardizing the safe operation of the system. Therefore, if the
parameters of the resonant circuits and the load conditions vary
in a large range, it is not preferred to directly use the traditional
frequency-sweeping-based parameter estimation methods.

III. PROPOSED PARAMETER ESTIMATION METHOD

To address the abovementioned issue, we propose a novel
parameter estimation method to identify all of the unknown
parameters of the resonant circuits, including Lp, Lg, Cp,
Cgs and M. The block diagram of the proposed method is
illustrated in Fig. 4. The proposed method is implemented
with an short-circuited rectifier to prevent significant load
power fluctuations arisen from the frequency scanning. The
short-circuited rectifier is achieved by constantly turning on
the power switches (01, @3, and consistently turning off the
power switches @2, Q4. Furthermore, the coil currents ip
and ig are measured through two separate current sensors.
The low pass filters (LPFs) are employed to extract the
fundamental components of ip and ¢g. Subsequently, the
RMS values of ip; and ig; are calculated. The measured
secondary information is transmitted to the primary side via a
wireless communication module. Based on the values of Ip;
and Ig1, a dynamic frequency sweeping method is carried out
to dynamically tune the operating frequency. By measuring
Ipy and Ig; at multiple frequency points, the required data
for parameter estimation is obtained. Finally, based on the
obtained data, the unknown parameters are calculated by the
JAYA algorithm. The implementation details of the proposed
method will be elaborated in this section.

A. Mathematical Model

With a short-circuited rectifier, as shown in Fig. 4, the
equivalent circuit model of the WPT system is illustrated in
Fig. 5. In Fig. 5, w is the operating angular frequency; Vpy is
the phasor form of the fundamental component of v4p; i P1
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Fig. 4. Block diagram of the proposed parameter estimation method.
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Fig. 5. Equivalent model of the WPT system with a short-circuited rectifier.

and Ig; are the phasor form of the fundamental components
of ip and 7g, respectively. Based on Fig. 5, the equivalent
input impedance of the resonant circuits can be deduced by

1 )+ (wM)?
pr Rs +j[st — 1/(&)05)21,)

Zin = Rp +j(wLp —

Observing (1) reveals that Z;,, varies with the operating
frequency w. This means that if the operating frequency w is
adjusted to another value, a new value of Z;,, can be acquired.
According to the analysis in [7] and [8], by adjusting the
frequency w at different points, multiple sets of {w;, |Z;n_i|}
can be derived as

Vor

|Zinil = 7= = f(Rp. Rs. Lp, Ls, Cp, Cs, M,w;), (2)
Pli

where w;(i = 1,2,--- ,m) represent the i-th frequency point;

m is the number of the measured frequency points; Vp; ; and
Ipy_; are the RMS values of Vpl and [ p1 at the i-th frequency
point.

The input impedance model described in (2) is widely-
used in the front-end parameter monitoring [7]-[11]. However,
according to the analysis in [11], if only adopting the primary-
side information, the parameters of {Lg,Cs,M} cannot be
accurately estimated. Therefore, in this paper, the secondary-
side information is also introduced, and the equivalent gain
from Ig; to Vpy is derived by

v
Zpgzﬂ:jwM

~ (BRp+jXp)(Rs +jX5s)
Is1 ' '

JwM

A3)

By adjusting the frequency w, multiple sets of {w;, |Zps ;|}
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can also be obtained as

% .
Zps_i| = IIL
S1_i

= g(RP,RS,LP,LS,CP,CS,M,LUi).
4)

Furthermore, based on (2) and (4), the mathematical model
for the parameter estimation is established as

min J = ||Vp1 — Vpiest|| + [|[Vp1 — Vpiestl]]  (5)

st. Vpiest = |Zin|IP1, Vpiest = | Zps|Is1, Lpr < Lp
< Lpyg, Lsr, < Ls < Lgy, Cpr, < Cp < CpH, Cs;, < Cs
< Cspy, and My < M < Mpg, where

|Zin| = diag{‘Zin_iH(i:l"" 7m)a
|Zps| = diag{|Zps_|}(i=1,---,m),
Ipy = [Ipi1,Ipi 2, Ipi_ml,
Isy = [Usia.Isi2,,Isi_m)s
YPlest - [YPlest_h ‘A/Plest_Za R ‘A/Plest_mL
Vpiest = [VPiest_1:VPiest.2, , VPiest_m)s
Vepr = [Vei1,VPio,-, VPim]

Herein, Ipy and Ig; are the measured RMS values of i p; and
1515 VPiest and Vplest are the estimated RMS values of vpq
derived by |Z;n|Ip1 and | Zps|Is1, respectively; Vpy is the
measured RMS values of vp;.

B. Proposed Dynamic Frequency Sweeping Method

As demonstrated in the section III-A, the operating fre-
quency w needs to be adjusted to multiple points to obtain
different values of Z;, and Zpg. In traditional frequency-
sweeping-based parameter estimation method, the operating
frequency is swept around the resonant point in a fixed
interval. For instance, in [9], the operating frequency is swept
from 90 to 110 kHz at an interval of 1 kHz, and the resonant
frequency is 100 kHz. Nevertheless, based on the analysis
in section II, when the parameters of the resonant circuits
and the load conditions vary in a wide range, varying the
frequency near the resonant point may cause severe system
detuning and significantly increased coil currents. Therefore,
we propose a dynamic frequency sweeping method to obtain
the required frequency points, as illustrated in Fig. 6. Distinct
from the traditional methods, we adjust the frequency from
a lower bound f;, and a upper bound fz. The frequency is
firstly increased from the lower bound f; and the process is
stopped when /p; or Ig; exceeds the threshold value I,;. It is
worthy noting that the threshold value 7, is determined by the
current capability of the system. Subsequently, the frequency
is decreased from the upper bound fz and the process is
terminated when Ip; or Ig; is again greater than ;. In this
paper, according to the system parameters, I is set to 10 A,
while f; and fy are configured at 65 kHz and 125 kHz,
respectively.

Additionally, it should be noted that the frequency interval
is not fixed but dynamically tuned according to the measured
values of the coil currents. There are two reasons why we
consider a dynamic interval. Firstly, when the frequency
approaches to the threshold current, as shown in Fig. 7, the
curves of the coil currents become extremely steep. If a large

Increase the frequency from /i

Measure the RMS value of the
coil currents: /r1(i) and Isi(i)

Decrease the frequency from fi

Measure the RMS value of the
coil currents /¢i(i) and Isi(i)

Sweep the frequency
i) based on (6)

f{i) based on (7)

Fig. 6. Flow chart of the proposed dynamic frequency sweeping method.

JERLLLILE L PR B W R 1 A T T
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—O-dr=-02,ds=0 —4—dp=0,ds=0 —*—dr=0.2,ds=0

+dlf—(‘12, ‘d\*O“.Z +dl’*q, (1370_2 —#—dr=0.2, ds=0.2

| WV \ i

Ir1 [A]

N ‘ ‘ ‘ ‘ L
60 fi 70 80 90 100 110 120 fi 130

Frequency [kHz]

Fig. 7. Value of Ip; when the rectifier output is short-circuited under the
case of D = 15 cm.

frequency interval is implemented under this case, the coil cur-
rents may greatly exceed the threshold. Take dp = dg = 0.2
under the case of D=15 c¢cm as an example, as shown in Fig.
7, Ipy is 9.2 A when the frequency is 69 kHz, whereas it
rapidly increases to 15.7 A at 70 kHz. On the other hand,
when the frequency is in the neighbourhood of f7 and fy, as
shown in Fig. 7, the coil currents are relatively low, and the
corresponding current curves are more flat. This implies that
when the coil currents are low, small frequency intervals will
result in a long duration for the sweeping process. Therefore,
considering the above two reasons, a dynamic frequency
interval is implemented. The update formulas for the proposed
dynamic frequency sweeping method are as follows.

fli+1) = f(i) + 7 x ceil[Iny — max(Ipy (i), Is1(7))], (6)
fli+1) = f(i) — 7 x ceil[Iny — max(Ip1 (i), Is1(7))]. (7)

Herein, (6) indicates the frequency update formula when the
frequency is increased from f,, while (7) represents the update
formula when the frequency is decreased from fr. Moreover,
ceil is the round-up function; 7 is a fixed factor, which is
configured at 0.2. As it can be observed from (6) and (7),
the frequency interval is dynamically tuned between 0.2 kHz
and 2 kHz based on the measured Ip; and [Igq. It should
be emphasized that in the frequency sweeping process, the
maximum value of Ip; and Ig; is used as the basis for
judgment. This means that when the current on one side
exceeds the threshold, the sweeping process stops, ensuring
safe operation of the both the primary and secondary circuits.

C. Numerical Calculation

Through the proposed dynamic frequency sweeping method,
the measured data under multiple frequency points can be
acquired. The next step is to utilize the measured data to
identify the unknown parameters. This can be achieved by
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Fig. 8. Experimental setup: (a) dimensions of the adopted coupled coils, (b)
experimental platform for the parameter estimation.

solving (5). Specifically, the optimal solutions that minimize
the fitness value in (5) will be regarded as the estimation
results. There are many algorithms available for solving the
optimization problem described in (5), and the algorithms that
are simple and easy to follow are preferred. To this end, the
JAYA algorithm, which is proposed by Rao in 2016 [16], is
selected in this paper. Compared with the traditional GA and
DE algorithms, this method does not require manual tuning of
algorithm-specific parameters. Only two general parameters,
i.e., the population size Ps;,. and the maximum iteration
number Gen,,,, are needed to be pre-defined.

The implementation details of the JAYA method are elab-
orated as follows: [Initialization] A random population x
with Ps;,. individuals is generated in the first iteration,
where x4 is the g¢-th parameter of the p-th individual
p=1,2,--+,Psize; g=1,2,--- ,N), and N is the number
of the unknown parameters. [Fitness] Subsequently, the fitness
value of each individual is calculated using (5). [Update]
Based on the fitness of each individual, the best individual
, Tpest, N | and the worst individual
['erTSt,17'erTSt,27 e awworst,N] are utilized to
update the population, which is given by

Thest — [mbest,h Thest, 2y

Lworst —

m;),q = Tp,q + 11 (Tbest,q — |Tp,ql) = T2(Tworst,g — [Tp,ql);

(3)
where Tpest,q and Toworst,q are the g-th parameter of the best
and worst individuals, respectively; r; and 7y are two random
numbers within [0,1]. In (8), the term ri(®pest,q — |Tp,ql)
presents the tendency of the new individual to approach the
best individual, whereas the term —73(Zworst,q — |Tp,ql)
shows the tendency of escaping from the worst individual.
[Selection] The updated individual @, , is accepted if it
gives a better fitness value. All the accepted individuals are
adopted as the input of the next iteration. [Termination] The
optimization process stops when the termination condition
is satisfied. Herein, the termination condition is the iteration
number reaches Gen,,qz-

IV. EXPERIMENTAL RESULTS

In this section, experimental results are presented to verify
the feasibility of the proposed parameter estimation method.
The experimental setup is shown in Fig. 8. The detailed
parameters of the SS-compensated WPT prototype are already
illustrated in Table I. Moreover, a power supply (Delta SM500-
CP-90) is adopted to provide the dc input, and the voltage is

TABLE II
CASE STUDY FOR PARAMETER ESTIMATION

D Lp Lg M Cp Cs
Case No.
fem]  [wH] [pH] [uH]  [oF]  [oF]
Case-1 10 3355 2227 95 9.9 17.32
Case-II 10 3355 2227 95 11.53 16.5
Case-IIT 10 3355 2227 95 9.9 13.21
Case-IV 15 3275 2165 58 9.9 17.32
Case-V 15 3275 2165 58 11.53 16.5
TABLE III
PARAMETERS OF THE JAYA ALGORITHM
Symbol Value Symbol Value Symbol Value
Lprp 300 pH Lppg 350 puH Lsp 200 pH
Lspy 250 pH My, 50 pH My 120 pH
Cpr, 5 nF Cpy 15 nF Csr, 10 nF
Csy 20 nF Rpr, 0.5 Q Rpy 0.9 Q
Rsy, 0.3 Q Rsp 0.7 © Psize 50
Genmax 5000
e T b o e e ——
i’ i - { o -
i v Va[200V/div] 3 Var_ Va[200V/div]
o s R e B s Bt e = | % i
1 3 ; 1 ‘
1 | V] | |
- ] = = =
| L4 i{5A/div] ! N i[10A/div]f
1 s Ls[5A/div] VR I5[10A/div]
Time [10us/div] Time [10us/div]
(a) (b)
| ) ip 2[200V/div]
TAAAARAANAAAAL
VIVIVIVIVIVIA AV "\v/'\)/‘\/’
J[5A/div]
Is[5A/div]
Time [10us/div] Time [10us/div]
(c) ()

Fig. 9. Experimental results of case-I under various frequencies: (a) 65.0 kHz,
(b) 70.4 kHz, (c) 107.7 kHz, (d) 125.0 kHz.

configured at 200 V. Two H-bridge converters are employed
as the primary-side inverter and the secondary-side rectifier,
respectively. The PWM signals for the inverter and rectifier
are generated by the TI LaunchPads F28379D. Additionally,
the experimental waveforms of the voltages and currents are
measured by an oscilloscope (YOKOGAWA DLM2054).

To validate the accuracy of the proposed method, 5 different
cases of parameter deviations are investigated. The detailed
parameters of the studied 5 cases are shown in Table. II. These
parameters are previously measured by an impedance analyser
(Agilent 4294A). The estimated results will then compared
with the measured values to verify the estimation accuracy.

Firstly, in order to obtain the required data for the esti-
mation, the operating frequency f is dynamically adjusted
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Fig. 10. Measured coil currents of case-I: (a) Ipy, (b)Ig;.

TABLE IV
AVERAGE RELATIVE ERRORS (ARES) OF THE INVESTIGATED
CASES IN THE EXPERIMENTS

Case No. Lp Lg Cp Cs M
Case-1 1.56% 1.37% 0.9% 1.85% 0.41%
Case-1I 1.27%  021% 099%  0.52%  0.25%
Case-III 219%  267% 1.52% 202% 22%
Case-IV 0.73%  2.08% 0.56% 182 % 0.16%
Case-V 0.98 % 1.9% 0.62%  1.68%  0.27%

according to the update formulas (6) and (7). Fig. 9 presents
the measured operating waveforms of case-I under different
frequency points. The measured data from the oscilloscope is
further exported to MATLAB for data analysis. Two digital
LPFs are utilized to extract the fundamental components of
1p and ig, respectively. Subsequently , the RMS values of
1p1 and 757 are calculated. Fig. 10 further shows the extracted
RMS values of case-1. By implementing the proposed dynamic
frequency sweeping frequency method, as shown in Fig. 10,
Ipq and Ig; are accurately measured under multiple frequency
points. Finally, according to the measured data, the JAYA
algorithm is carried out in MATLAB to derive the optimal
solutions described in (5). The detailed parameters of the JAYA
algorithm are shown in Table. III

In the experiments, the JAYA algorithm is implemented for
10 times for each case, and the average relative errors (AREs)
for the investigated 5 cases are illustrated in Table IV. As
shown in Table IV, the unknown parameters of the resonant
circuits are recognized accurately, with the maximum AREs
at 2.67%.

V. CONCLUSIONS

This paper presents a new parameter estimation strategy
for the WPT systems. To prevent significant load power
fluctuations, the active rectifier is short-circuited during the
parameter estimation process. Since the proposed method is
free of the load conditions, it can be implemented at the pre-
start-up stage in the practical applications. Notably, as the
proposed method requires freqeuncy sweeping and numerical
calculations, it may take several seconds to complete the
entire process for parameter estimation. As a consequence,
this method is not suitable for real-time dynamic prediction,
but more suitable for static battery charging. With a short-
circuited rectifier, a dynamic frequency sweeping method is

further proposed to efficiently and safely measure the primary
and secondary coil currents. Based on the extracted data, a
mathematical model is established, and the JAYA algorithm
is adopted to find the optimal solutions. Experimental results
show that the proposed method is able to accurately estimate
all of the unknown parameters of the resonant circuits. The
proposed method is beneficial for optimal power flow control
and active impedance tuning for the WPT systems under
parameter deviations.
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