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Abstract-Recent advancements of series-series (SS)- by various compensation topologies, such as series-series

compensated wireless power transfer (WPT) technology have
enabled its wide-spread applications in battery charging of
portable devices, electric vehicles (EV), and medical implants.
A conventional SS-compensated WPT system consists of an
inverter at the transmitter side to maximize the overall system
efficiency typically by phase control or frequency control, and
a DC-DC converter at the receiver side to regulate the
charging current and voltage of the battery load. However, the
efficiency and dynamic response of the conventional WPT
system is limited by the DC-DC converter in point-of-load
applications. The concept of maximum energy efficiency
tracking (MEET) sparked off more related studies. Fast
control strategies for MEET strategies are subsequently
investigated, which normally require feedback signals from
the receiver to the transmitter via a wireless communication
system to calculate the coupling coefficient or load conditions.
The additional wireless communication system increases the
volume and cost of the system. To this end, front-end
monitoring strategies are proposed for SS-compensated WPT
systems without an extra wireless communication system. This
paper covers main content of the tutorial that is presented in
8th International Conference on Power Electronics Systems
and Applications (PESA), in which the development of front-
end monitoring strategies from the Wireless Power Research
Group of the University of Hong Kong are described.

Keywords-Front-end monitoring strategies, series-series (SS)-
compensated wireless power transfer (WPT), coupling
coefficient, load condition.

I. INTRODUCTION

ARLY investigations of non-radiative WPT via near-

field magnetically coupled resonators can be traced
back to the late 19th century by Nicola Tesla [1]. Based on
his inventions, non-radiative WPT are applied in
transcutaneous systems, inductive power pick-up systems
and portable electronics systems in the 1970s, 1990s and
2000s, respectively [2-4]. The dawn of mobile phones in the
1990s accelerates the development of non-radiative
wireless power transfer (WPT) and triggers the foundation
of Wireless Power Consortium (WPC) [5]. The eight
founders of WPC made an agreement to adopt inductive
coupling in the world first wireless standard “Qi”. By far,
more than 3700 “Qi-certified” products have been
registered with WPC by over companies worldwide [6].
Although “Qi” is the earliest published specification for
near-field WPT, it is not the only standard. The A4WP
proposed by AirFuel Alliance (AFA) [7] and SAE TIR
J2954 launched by Society of Automotive Engineers (SAE)
[8] are the two alternative industrial guidelines that
primarily focus on multiple charging devices and high-
power applications in light-duty electric and plug-in electric
vehicles, respectively. The key features of the three
industrial guidelines are quite different. However, the three
guidelines have a common feature that is the adoption of
Tesla’s principle to compensate the leakage inductance in
the power flow path to ensure high transmission efficiency

(SS), series-parallel (SP), parallel-parallel (PP), parallel-
series (PS), LCL-S, LCL-P, LCL-LCL, LCL-LCC, LCC-S,
LCC-P, LCC-LCC, LCC-LCL, and other hybrid
compensations [9]. Among them, the SS-compensation is
most widely adopted due to its design being independent of
load and coupling coefficient [10].

In  practical SS-compensated WPT  systems,
communication devices are often adopted to ensure reliable
and high-efficiency operations by delivering feedback
signals from the user-ends to the front-ends. However, the
communication devices quite annoy manufactures by
enhancing complexity, bringing additional costs, and
deteriorating dynamic performance of WPT systems [11-
13]. More importantly, an exclusive communication
standard may be adopted, which is undesirable by most
manufactures. To reduce this anxiety, front-end monitoring
strategies are developed by the research groups worldwide
[14-23]. Apart from the eliminations of communication
devices, the front-end monitoring strategies for the
parameters, such as mutual inductances and load resistances,
can also improve the dynamic performance and overall
transfer efficiency when the operation conditions vary [24,
25]. Besides, some front-end monitoring strategies can also
detect the ageing effect of receiving coils and loads by
monitoring their equivalent impedances [22].

This paper focus on various front-end monitoring
strategies that has been developed by the Wireless Power
Research Group of the University of Hong Kong so far. The
roadmap of the front-end monitoring strategies is presented
in the tutorial session ‘“Development of Front-end
Monitoring of Mutual Coupling and Load Conditions in
Wireless Power Transfer Systems” of the 8th International
Conference on Power Electronics Systems and
Applications (PESA). The early monitoring method is
designed based on the measurements of the input voltage
and current to solely estimate the load impedance of an SS-
compensated WPT system [18]. However, only one load
impedance can be estimated by this monitoring method and
mutual inductances are required to be preliminarily known.
To this end, an advanced monitoring method is presented
for monitoring two loads in a four-coil SS-compensated
WPT system using only the input voltage and input current
measurements [19]. Besides, research is extended to show
that not only the load resistance but also the mutual
inductance can be estimated simultaneously with the input
voltage and input current measurements at one operating
frequency by modifying the monitoring equations [20].
Simplified estimation equations, which can be easily
implemented using inexpensive digital controllers, are
further developed in [21]. Nevertheless, the parameter
deviations will affect the accuracies of the monitoring
strategies in [20] and [21]. To address this critical issue, a
two-layer adaptive Differential Evolution (ADE) algorithm
is proposed to monitor not only the mutual inductances and
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load resistances, but also the parameters of the receivers of
SS-compensated WPT systems [22]. These “model-based”
monitoring methods for determining the mutual coupling
coefficient require mathematical calculations based on
fundamental equivalent circuits of WPT systems and the
performance highly depends on the computation speed of
the processors. Alternatively, a very fast “hardware-based”
monitoring strategy is proposed to accurately and rapidly
monitor the mutual coupling coefficients of SS-
compensated WPT systems [23]. This paper reviews both
the “model-based” and ‘“hardware-based” monitoring
methods for SS-compensated WPT systems in [18-23].
Conclusions and future works are also discussed.

Il. “MODEL-BASED” MONITORING STRATEGIES

A.  Single Load Monitoring
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Fig. 1. Schematic of an n-coil wireless power transfer system with one load
[18].

For an n-coil SS-compensated WPT system with only
one load, as shown in Fig. 1, based on the Kirchhoff’s
voltage law, the system can be described in a general matrix
as

A Zy jwMy, JoMigmo1y  joMy, I

0 jwMy, Z, JoMym-1y  jwMy, I,

= : H - : : x|
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where Vs is the input AC input voltage of the transmitter. Z;,
Zy, ..., Zna, Zn are the equivalent impedances of the
transmitter and receiver resonators. Z_ is the load
impedance. M;; indicates the mutual inductance between the
i-th coil and the j-th coil (i.e., Mjj=M;). In the system model
(1), the coils are coupled to each other while the load is not
coupled to any one of the coils. Therefore, the load,
including both the resistance and reactance, is independent
of the coils in the system. The load can be either linear or
nonlinear load.

By applying Cramer’s rule, the load impedance Z can be
derived based on the system model as
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The schematic diagram of the hardware setup and the
experimental results in [18] are shown in Figs. 2 and 3,
respectively. The load resistances are accurately monitored.
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Fig. 2. Schematic diagram of the hardware setup in [18].
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Fig. 3. Practical set resistance and the monitored resistance in [18].

B. Two Loads Monitoring
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Fig. 4. Schematic of an n-coil wireless power transfer system with two
loads [19].

For an n-coil SS-compensated WPT system with two
loads, as shown in Fig. 4, based on the Kirchhoff’s voltage
law, the system can be described in a general matrix as

A Zy JjoM;, JoMip_1 joMy, I

0 JjwMy, Z, JoMym-1) joMy, I,

= : : : : x|
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where the two loads are purely resistive. By assuming Ry
is a known parameter, the system model in (3) can be
rewritten as
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The last three equations in (4) are
I,_1 =a+ bR, 1,4 (5.1)
I, =c+dR,l, 4 (5.2)
Rplpn=e+ fRiqlh (5.3)
where
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P; is the i-th row vector in matrix P and pj; is the element of
the i-th row and j-th column in the P matrix.

Based on (5.1)~(5.3), the relationships between the Ri1
and Ry, can be derived as

AR, R, + BR,; +CR,+D =0 (6)
where the four coefficients A, B, C and D are complex
numbers, i.e.,
A=ad —bc=a,+jB,
B=be—af =ag+jPs
C=c=ac+jpc
D=-e=ap+jPp

By reorganizing the real and imaginary terms and
eliminating the nonlinear term R 1R\ 2, the equation (6) can
be further derived as

(apBa — aaPp)Riy + (acBa — @aBc)Ri2 = aufp — apfa (7)
Apparently, only two sets of Vs and 1. measurements at two
different frequencies can be used to calculate the two load
resistances in theory. Simulation results in Fig. 5 show that
one intersection point of R.; and Rz can be plotted at
various operating frequencies under ideal conditions.
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Fig. 5. One intersection points of the two loads at various operating
frequencies under ideal conditions [19].

Experiments are conducted on a four-coil SS-
compensated WPT system with two loads, as shown in Fig.
6. Based on 20 different frequency sweeping (20 equations
are adopted), the two load resistances are monitored with
high accuracy, as shown in Fig. 7.
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Fig. 6. Experimental setup in [19].
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Fig. 7. Experimental results in [19].
C. Mutual Inductance and Single Load Monitoring

Based on the equivalent circuit of a two-stage SS-
compensated WPT system, the system model in the
frequency domain can be derived as

[61=lom, z+rlle] — ®
0l = ljwoMy, Zy + R [1;

. 1
Zl=R1+f<‘“L1‘R)
1

where

1
Z2=R2+]<(UL2__0)C)
2

o is the switching angular frequency. Based on (8), the load
resistance can be expressed as
Ry (M) + 717, — 2,75,

R, = =
T Zin—2,

_ (lez)z _
Zn—2, °
9)

where Z;, = ?4(;; is the input impedance which can be
1

expressed in the vector form. For purely resistive loads, the
imaginary part is zero. Then, the monitored mutual
inductance and load resistance can be derived as

WLy——

— | weC
M, = 02Im(Zin—2Z1) -1 (10)
1
- “la=%c,
Ry = G Zom@m-y 1 22 (11)

Experiments are conducted on the coils with different
positions in [20]. The load resistance is 25.8 Q while the



mutual inductances are changed from (a) the initial position
about 23 xH to (b) the axial separation about 16 xH to (c)
the lateral misalignment about 21 xH to (d) the angular
misalignment about 16.7 uH. Obviously, the proposed
monitoring strategy can accurately monitor the load
resistance and the mutual inductances simultaneously.

Fig. 8. Different coil positions in [20].
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Fig. 9. Monitoring results for the load resistance and mutual inductances
in [20].

The load monitoring equation is further simplified in [21],
which can be implemented using inexpensive digital
controllers. Besides, the monitoring errors caused by the
parameter drifts and measurement errors are mitigated as
compared to the conventional monitoring strategy. The load
monitoring equation in [21] is

ZsVin cos 0—RpZsly
RL - =
Vinsin0+Zply

a%-1 a%-1
where Z, = (T) w,L, and Zg = ( - )woLS
nominal angular frequency of the input voltage. a is the
frequency ratio. @ is the phase angle between the input
voltage and the transmitter current. |, is the amplitude of the
transmitter current. The schematic diagram of the load
monitoring strategy in [21] is shown in Fig. 10.
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Fig. 10. Schematic diagram of the load monitoring strategy in [21].

The simulation results of the two-stage SS-compensated
WPT system in [21] with the input voltage of 61.12 V, load
resistances of 10 Q and 50 Q, and different mutual
inductances are shown in Fig. 11.
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Fig. 11. Simulation results in [21].
D. Heuristic Algorithm Method
The pioneers have developed several different

monitoring strategies to effectively monitor one or two
loads and mutual inductances of SS-compensated WPT
systems [18-21]. However, these methods are invalidated
for WPT systems with multiple loads and unknown
parameters of the receivers. To bridge the research gaps,
heuristic algorithms are adopted in [22] to monitor the
mutual inductances, load resistances and the parameters of
the receivers, simultaneously.

A typical SS-compensated WPT system with multiple
outputs is shown in Fig. 12 and the its equivalent circuit at
the fundamental frequency is plotted in Fig. 13. The DC
voltage (i.e., Vi) is converted to a high-frequency
alternating voltage v, by a phase shift control being applied
to a full-bridge inverter with the duty ratio of 0.5. The
parameters of the transmitter comprise the coil inductance
Ly, compensated capacitance Cp, and the equivalent-series-
resistance (ESR) R;,. The receiver resonators comprise the
coil inductances Ly (i=1, 2, ..., m), compensated
capacitances Cy; (i=1, 2, ..., m), the ESR R; (i=1, 2,..., m),
and the load resistances Ry; (i=1, 2,..., m). M; (i=1, 2,..., m)
are the mutual inductances between the transmitting coil
and the receiving coils. M;; (i=1, 2,..., m, j=1, 2,..., m, i#))
are the mutual inductances between the receiving coils. vpi,
Voli, Ip1, and is1; are fundamental components. Reqi; (i=1, 2,...,
m) are the equivalent resistances of the receiving resonators,
Reqii. Besides, the “self-mutual inductances” are physically
Ilull (i.e. M11:M22=. . .ZMmmIO).
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Fig. 12. Topology of an SS-compensated WPT system with multiple
outputs.
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Based on the equivalent circuit in Fig. 13,
vy = [Rp +(wly - wicp) j] ips — @MTigy)

, (13)
wMiplj — wMyigyj = Zgigy
where isl = [iSII!iSIZ!"'islm]Ta M= [MlﬁMZ!"'Mm]T’ Ml =
0 Mi;, -+ Min Zs1 0 e 0
M:21 0 M'2m Lz, = 0 Z.SZ 0 . and
Mn1 Myz - 0 0 0 - Zsn

Zgi = Requ + (0l = 5c-)j (1= 12,-m).

To simplify (13) by cancelling the term is1,
% =Zp =Ry + (wLp - wicp)] + w?MT(0Myj + Z)"IM (14)
where Z, is the equivalent impedance of the SS-
compensated WPT system at the fundamental frequency.
By separating the real and imaginary parts in (14),

2= Re(Zp) +1m(Z,,) = (RP +w?P(M,My, Z, w)) +

ip1

(6bp -5+ 0teumzL0))) 9
wCp
where the real and imaginary parts of Z are
Re(Z,,) = R, + w?P(M, My, Z, w) (16)

Im(z,,) = (wLp - wicp +0?Q(M, My, Z, w))j (17)

The scalars P(M, M1, Zs, ) and OQ(M, Mu, Zs, w) are
determined by the values of M, M1, Zs and w. By sweeping
the switching angular frequency @ from the lower bound w.,
to the upper bound wm, the equivalent impedance Z,; of the
SS-compensated WPT system at the fundamental frequency
can vary. Apparently, the equivalent impedance Z; is
determined by the parameters Lp, Cp, Rp, Lsi, Csiy Reqli, M,
and M,

Vp1l
{l::_lll = Zp1[ = f(Lp; Cp' Rp' LSL" Csi' Reqlir M' Ml' 0)[)

(18)
W, < W < wy

In practice, the parameters of the transmitter, i.e., L,, Cp, and
Ry, are preliminarily known. Then, the identification model
for the parameters of the receivers and the mutual

inductances can be derived as
min J = ”vplest - vpl” (19)
S.. Vplest = iplzpl s W S w Swy, Ly, < Lg <Lgy,
CsiL < Csi < CsiH > ReqliL < Reqli < ReqliH > ML SM<
My, andM;; <M; <My (i=1,2,--m)( =12,--n),

Zyy O )
0 Zpo o
where Zy =| | A . The objective of
0 0 Zplm

the identification model is to minimize the voltage

differences between the estimated input voltages vpiest and
the measured input voltages vyi. The estimated voltages
Vplest=| Vplestl, Vplest2,- - -» Vplesta] are calculated by the equation
Vpies=ip1Zp1 based on the measured transmitting currents
ip1=[ip11, ip12,. .., ip1»] and the searching parameters of Ls;, Cs;,
Reqii, M, and M at the switching angular frequencies w;
(I=1, 2,..., n). The identified parameters Lsi, Csi, Reqii, M,
and M, are searched within the lower bounds of Lsr, Cs,
Reqiin, Mr, My and the upper bounds of Lgu, Cen, Reqli,
Mu, M. The values of the bounds are determined
empirically.

Different heuristic algorithms can be applied to optimize
the objective function in (19). In [22], two conventional
heuristic algorithms, i.e., Genetic Algorithm (GA) and
Adaptive Differential Evolution (ADE), and one new
heuristic algorithm, i.e., two-layer ADE, are adopted to
monitor the mutual inductances, load resistances and
unknown parameters of the receivers, simultaneously.
Details of the algorithms can be found in [22]. Experiments
are conducted on two-coil and three-coil SS-compensated
WPT systems, as shown in Fig. 14.
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\

7 (d) three-coil (arragement-3)

(c) three-coil (arragement-2)
Fig. 14. Experimental setups in [22].

For the two-coil SS-compensated WPT system, the
comparisons of the average relative errors and standard
deviations between the GA and the ADE are shown in Fig.
15. Apparently, the average relative errors of the monitored
parameters can be reduced about 1% for Ls, 0.8% for C,
10.4% for Req1, and 4.6% for M. The standard deviations of
the monitored parameters in all the cases are also
significantly reduced. The results also demonstrate that the
ADE can monitor the parameters of two-coil SS-
compensated WPT systems more steadily and accurately
than the GA. The comparisons of the average relative errors
and standard deviations between the ADE and the two-layer
ADE are shown in Fig. 16. The results show that the
monitoring performances of the two-layer ADE are almost
the same as the ADE for the two-coil SS-compensated WPT
systems.
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Fig. 15. Comparisons between GA and ADE for the two-coil WPT system
in different cases [22].
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Fig. 16. Comparisons between ADE and two-layer ADE for the two-coil
WPT system in different cases [22].
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Fig. 17. (a) Arragenment-1, (b) Arrangement-2 and (c) Arragement-3 of
the three-coil WPT system [22].

However, for the three-coil SS-compensated WPT
system (details of the three arrangements are shown in Fig.
17), the performance of the two-layer ADE and the ADE
are different. The comparisons of the average relative errors
and standard deviations among the three algorithms are
shown in Fig. 18. Obviously, in all the three arrangements,
the performances of the average relative errors and the
standard deviations of the two-layer ADE are the best. The
ADE is better than the conventional GA. Nevertheless, the
computation time of the two-layer ADE is longer than that
of the ADE, while the computation time of the ADE is
longer than that of the conventional GA.
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Fig. 18. Comparisons among GA, ADE and two-layer ADE for the three-
coil WPT system in different cases [22].

111, “HARDWARE-BASED” MONITORING STRATEGY

For the “model-based” methods, the parameter values of
the transmitter and receiver resonators need to be
preliminarily known. For some SS-compensated WPT
systems, the sensitivities of the parasitic parameters are



high. Besides, for those heuristic algorithm methods, the
total monitoring time is quite long and the algorithms are
too complicated to be implemented using inexpensive
digital controllers. To this end, a “hardware-based”
monitoring method is proposed in [23]. However, the
“hardware-based” monitoring method is only validated for
SS-compensated WPT systems with active rectifiers (some
commonly used active rectifiers as shown in Fig. 19).

Power :i Power
Supply and [ Ct=F RL Supply and Cr=F RL!
Resonators Resonators | ] } & %

(a (b) (©
Fig. 19. Some examples of active rectifiers in SS-compensated WPT
systems.
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Supply and - Ci== RL
Resonators

The “hardware-based” monitoring strategy is carried out
by short-circuiting the outputs of active rectifiers. Therefore,
the proposed monitoring strategy can be adopted for the SS-
compensated WPT systems with various types of loads.
Compared to the “model-based” monitoring strategies by
measuring both the fundamental components of the input
voltage and the transmitter current, the proposed
“hardware-based” monitoring strategy only measures the
phase difference between the switching signal of the
inverter and the transmitter current. Besides, the “hardware-
based” method can simultaneously achieve fast monitoring
of the coupling coefficient using inexpensive digital
controllers and high accuracy even for the systems with
unknown parameters of the resonators, while the existing
“model-based” methods cannot. The block diagram of
digital controller for determination of coupling coefficient
is shown in Fig. 20. Details of the “hardware-based”
method can be found in [23].
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Fig. 20. The block diagram of a digital controller for determination of
coupling coefficient [23].

frequency

Digital Controller

In order to determine w4, the power inverter’s frequency
is scanned from the lower bound frequency fmin. Fig. 21
shows the flow chart of determining w4 and then &. The duty
cycle of the signal Sxor is detected and represented as a
digitized signal Dy(N). If this duty cycle is smaller than the
previous duty cycle (i.e., Dy(N)<Dy(N-1)), the switching
frequency will increase. This process will continue until
Dy(N) approaches zero when w, is reached. Then, the
coupling coefficient can be determined. The timing diagram
of typical waveforms are shown in Fig. 22. Similar flow
chart of determining wp and then £, and the corresponding
timing diagram of typical waveforms can be found in [23].
Experiments are carried out on an SS-compensated WPT
system with a semi-bridgeless rectifier, as shown in Fig. 23.
The adopted resonators are shown in Fig. 24. The
specifications of the resonators are provided in Table 1.

Detect the duty ratio of the signal
Sxor at the sampling time N, Dp(N)

Yes | Increase switching frequency

fo(N+1)=fp(N)+Afp(N)

Dp(N) < Dp(N-1) ?

Monitor the coupling coefficient

a)z wz
k= [1—;"5}{1— " (0n < y)

Fig. 21. The flow chart of the monitoring strategy to determine e, and then
k [23].

Fig. 22. Timing diagrams of the monitoring strategy to determine w, and
then & [23].

utput capacit
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Fig. 23. Full hardware schematic diagram of the WPT system in
experiment [23].

Receiver Coil

Fig. 24. Photograph of the resonators in experiment [23].

TABLE I. SPECIFICATIONS OF THE RESONATORS [23]

Parameter Value

Coil diameter of both transmitter and receiver coils 31 cm
Wire diameter of both transmitter and receiver coils 1.2 mm

Number of turns of transmitter and receiver coils 11

Length of the winding of transmitter and receiver coils 15 mm
L, @ 100 kHz 91.78 uH

C,@ 100 kHz 27.2 oF

R, @ 100 kHz 0.95Q
L;@ 100 kHz 92.05 uH

Cs@ 100 kHz 26.9 nF

R, @ 100 kHz 1.06 Q
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Fig. 25. Waveforms of v,, v, i, and vg, of the WPT system operating from
90 kHz to 93.2 kHz (10 cm distance between the coils, £=0.17) [23].

Fig. 25 shows the main waveforms of the WPT system
when the operating frequency of the WPT system is
changed from 90 kHz to 93.4 kHz with the frequency step
of 0.2 kHz and then reduced from 93.4 kHz to the critical
frequency 93.2 kHz. Based on estimation equation in Fig.
20, the monitored coupling coefficient from the lower
bound can be calculated as 0.1728. Similar experiments are
also conducted on the WPT system with different distances
(or coupling coefficient) between the coils. The
comprehensive results are shown in Table II. All the relative
errors are less than 5%. The relative errors of the coupling
coefficient estimation from either the lower bound or the
upper bounds increase when the distance is increased from
10 cm to 18 cm, indicating that the monitoring method is
more accurate when the coupling of the coils is stronger. By
using the same frequency bounds, the monitoring time from
either the lower bound or the upper bound will be increased
when the distance is increased. The monitoring times for all
the distances are less than 62 ms.

TABLE II. COMPREHENSIVE RESULTS [23]
. T,
o mon
Monitored k& Ren(%) (ms)
from lower bound [0.1728| 1.65 38

Distance | Actual &

10 cm 0.17

from upper bound | 0.1671 1.71 50

12 0136 from lower bound | 0.1384 1.76 52
om : from upper bound | 0.1329 | 2.28 22

14 om 0111 from lower bound | 0.1194 2.05 60
) from upper bound | 0.1134 3.08 34

from lower bound | 0.0962 2.34 20

16em | 0092 ipperbound | 0.09 | 426 43
from lower bound | 0.0782 2.89 28

18em | 0076 = pperbound |0.0723 | 4.87 58

The “hardware-based” method in [23] is also compared
to the “model-based” methods in [20-22]. Comparative
curves of the relative errors among these methods when the
ESR of the transmitter coil deviates about +2%, 4% and
#6% while the ESR of the receiver coil remains unchanged.
The “hardware-based” method is more accurate than the
“model-based” methods in [20, 21] when the ESR of the
transmitter coil deviates from the nominal value. Besides,
the “hardware-based” method takes much less monitoring
time than the “model-based” method in [22].

20¢
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-4 Existing strategy in [ 21]
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Fig. 26. Comparative curves of the “hardware-based” method and the
“model-based” methods [23].
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V1. CONCLUSIONS AND FUTURE WORKS

In this paper, the front-end monitoring strategies,
including four “model-based” methods and one “hardware-
based” method, that have been developed by the Wireless
Power Research Group of the University of Hong Kong is
presented. Based on the initial work of monitoring a single
load in SS-compensated WPT systems, the researchers
improve the strategy to monitor the SS-compensated WPT
systems with two loads. On the other hand, the monitoring
strategy is extended to monitor the load and the mutual
inductance simultaneously for a two-stage SS-compensated
WPT system. Later on, a simplified load monitoring
strategy is further proposed. However, these monitoring
methods are designed based on a WPT system with
preliminary known parameters. To address the issue of
WPT systems with uncertain parameters of the receivers,
heuristic algorithm methods are further developed.
Nevertheless, these “model-based” methods suffer from
either high sensitivity issues of the parasitic parameters or
long monitoring time. To this end, a “hardware-based”
monitoring strategy is recently proposed to achieve both
accurate and fast monitoring at the front-end. However, the
“hardware-based” method is only validated for SS-
compensated WPT systems with active rectifiers.

In the future works, front-end monitoring based on the
dynamic models of the WPT systems maybe a promising
strategy, particularly for the moving wireless charging of
EV. Besides, front-end monitoring for the WPT systems
with LCL-S or LCC-S compensation maybe another
research trend, since the advantages of these two
compensation schemes over the conventional SS
compensation in the applications of EV charging have been



demonstrated. Moreover, the Artificial Intelligence (Al)
maybe used to achieve fast online monitoring of mutual
coupling and load conditions by considering the parasitic
parameters in the resonators and power converters.
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