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Abstract
Parameter design is crucial for dynamic wireless power transfer (WPT) systems with LCC-S compensation topology. To overcome this challenge, this article

proposes a Non-dominated Sorting Genetic Algorithm II  (NSGA-II)  based approach for WPT system parameter optimization, aimed at improving transfer

efficiency.  By  analyzing  the  established  LCC-S  compensation  topology  equivalent  circuit  model,  key  optimization  variables  are  identified.  Then,  the

optimization objective has been established to maximize transfer efficiency with output power requirements incorporated as constraints. In addition, the

coupling  coefficient  and  load  variations  are  incorporated  into  the  objective  function  to  ensure  compliance  with  design  requirements  while  enhancing

system  stability.  Experimental  validation  demonstrates  that  the  proposed  approach  ensures  constrained  parameter  optimization  and  stable  operation

under varying operating conditions.
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 Introduction
Wireless  power  transfer  (WPT)  technologies  are  characterized

by electrical isolation, convenient operation, and high safety, which
are  applied  in  various  application  scenarios,  including  electric
vehicles[1],  consumer  electronics[2,3] and  medical  equipment[4].
However,  since primary and secondary coils are connected without
physical  contact,  variations in the coupling coefficient,  or  load may
cause fluctuations in both transfer efficiency and output power[5].

Basic compensation topologies such as S-S topology can compen-
sate for coil self-inductance, but they exhibit limited adaptability to
mutual  inductance  variations[6]. Many  studies  have  focused  on
designing compensation topologies to enhance the dynamic perfor-
mance of WPT systems. LCC-S compensation topology based on a T-
type resonant network is proposed, which has a higher stability and
a  wider  applicability[7].  However,  the  introduction  of  additional
circuit parameters and their strong coupling relationships increases
design complexity,  making it  challenging to obtain a  globally  opti-
mal solution[8].

The  parameter  design  methods  in  WPT  systems  can  be  divided
into  three  categories:  traditional  empirical  design  methods,  analy-
tical  methods,  and  numerical  methods.  The  traditional  empirical
design  method  designs  the  circuit  parameters  through  previous
design  experience,  and  designs  the  circuit  through  many
experimental analyses. A compensation topology design for double-
sided  LCC  networks  was  proposed  to  adjust  the  system's  resonant
frequency  and  improve  both  power  transmission  capability  and
transfer  efficiency[9].  However,  the  large  number  of  circuit  parame-
ters  and  their  mutual  coupling  make  traditional  design  methods
inadequate for parameter optimization.

The analytical method establishes the matching relationship with
the circuit parameters by solving the expression between the power
loss and the circuit parameters, and the optimal solution is obtained
by solving the derivative. Huang et al. analyzed the characteristics of
three  sets  of  compensation  capacitors  in  the  S/SP  converter,

established  the  relationship  between  optimal  efficiency,
cost-effectiveness, and circuit parameters, and optimized the corre-
sponding  compensation  capacitor  parameters[10].  Nguyen  et  al.
analyzed the influence of compensation inductance on the system's
optimal  efficiency  in  bilateral  LCC  compensation  topology  and
achieved  high  and  stable  efficiency  under  wide  load  range  and
misalignment  conditions[11].  From  the  perspective  of  global  loss
minimization,  Nguyen  et  al.  transformed  the  global  loss  into  three
loss  terms  containing  only  a  single  variable,  so  as  to  obtain  the
coupling  inductance  and  compensation  parameters  corresponding
to the theoretical maximum transfer efficiency[12]. The existing anal-
ysis methods only seek the derivative of the single variable to obtain
the  analytical  relationship  between  the  efficiency  and  the  single
variable.  For  WPT  systems  with  multiple  circuit  parameters,  the
dependence  of  power  loss  on  circuit  parameters  is  intricate  and
strongly  coupled,  which  makes  it  difficult  to  solve  the  multivariate
analytical equations of power loss.

The  numerical  method  obtains  the  matching  circuit  parameters
by scanning the circuit parameters, or by random sampling from the
parameter  value  range,  and  then  performs  iterative  optimization.
The  numerical  method  is  a  circuit  parameter  optimization  method
often used in WPT systems.  The efficiency and mass power density
under  alignment  or  misalignment  conditions  are  selected  as  the
objective functions to obtain the optimal Pareto front; these objec-
tives  are  solved  by  a  numerical  calculation  method  under  certain
constraints,  and  the  circuit  parameters  of  the  optimal  compensa-
tion  topology  are  obtained[13].  Intelligent  optimization  algorithms
are  used to  optimize  circuit  parameters.  The  optimal  topology and
component parameters are obtained by combining NSGA-II with the
compensation topology model[5].  Xu et al.  introduced a parameter-
matching  approach  for  LCC  compensation  topologies  based  on
particle  swarm  optimization  (PSO),  which  effectively  realizes  the
parameter  design  and  improves  the  system  performance[14].  The
invasive  weed  optimization  (IWO)  algorithm  was  used  to  indirectly
maximize  the  power  transmission  to  the  load  coil  by  adjusting  the
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current injected into the orthogonal transmission coil[15]. Monti et al.
used  the  general  optimization  algorithm  to  act  on  the  geometric
parameters of the link to find the required optimal solution[16].  Guo
et al.  used PSO based on the combination of improved Lévy flights
and  chaotic  mapping  to  optimize  the  operating  frequency  and
inductance  to  achieve  optimal  transmission  efficiency[17].  However,
existing  WPT  parameter  design  methods  often  focus  on  nominal-
condition  optimization  and  topology-specific  tuning,  with  limited
consideration  of  robustness  under  load  and  coupling  coefficient
variations. Table 1 summarizes the proposed method in comparison
with representative optimization-based WPT design studies.

As  shown  in Table  1,  existing  studies  are  developed  for  specific
WPT  design  tasks  or  particular  operating  conditions,  and  do  not
provide a unified compensation-parameter optimization framework
under varying conditions. Among them, the parametric sweep simu-
lation  requires  repeated  simulations  over  predefined  parameter
cases, and its computational time increases rapidly as the number of
design variables grows. Moreover, it mainly provides discrete feasible
design  points  after  scanning,  which  is  less  suitable  for  tradeoff-
oriented  multi-objective  design.  Different  from  existing  NSGA-II-
based, or other optimization-based WPT studies that mainly address
nominal-condition tuning or specific design tasks,  this work formu-
lates  compensation-parameter  design  as  a  unified  robust  multi-
objective optimization problem under load and coupling coefficient
variations,  and  solves  it  using  an  improved  NSGA-II,  with  adaptive
search and constraint-aware ranking.

The main contributions of this work are summarized as follows:
(1)  A  multi-objective  compensation  parameter  design  model  is

established  for  the  LCC-S  WPT  system  under  varying  operating
conditions by explicitly  incorporating coupling coefficient variation
and load variation into the evaluation framework.

(2)  An  improved  NSGA-II  algorithm  is  developed  for  the  multi-
constraint WPT parameter-design problem by introducing adaptive
genetic  operators,  constraint-aware  non-dominated  sorting,  and

local  refinement  to  improve  feasible-solution  search  capability  and
robustness.

(3)  A  hardware  prototype  is  built  to  experimentally  validate  the
optimized parameter set, and the results confirm improved output-
power and transfer efficiency performance under different coupling
coefficient  and  load  conditions,  while  satisfying  engineering
constraints.

 Modeling and output characteristic
analysis of the LCC-S WPT system

 Typical circuit structure of a WPT system
Figure  1 shows  the  LCC-S  WPT  system's  typical  circuit  model,

which  comprises  four  parts,  DC  source  input  (Ein),  inverter  (Q1−Q4),
resonant  compensation  network  and  coupling  structure  (LP1−CP1−
CP−LP−LS−CS),  rectifier,  and  load  (D1−D4, Cf and RX).  The  inverter
operates  at  a  frequency f,  corresponding  to  an  angular  frequency
ω =  2πf.  The  symbol M denotes  the  inductance  resulting  from
magnetic coupling between the coupled coils.

When the influence of harmonic components is ignored, the WPT
system's input voltage can be expressed in Eq. (1).

Uab =
2
√

2Ein

π
(1)

The  rectifier  bridge  and  load  on  the  secondary  side  can  be
converted  into  AC  equivalent  load RL,  which  can  be  expressed  by
Eq. (2).

RL =
8RX

π2 (2)

Figure  2 shows  the  simplified  circuit  model  of  an  LCC-S  WPT
system. Among them, Uab represents the AC voltage output by the
inverter,  and LP1, CP1,  and CP constitute  a  symmetrical  T-type
compensation network. RL, RP,  and RS correspond to the resistances

 

Table 1.  Comparison with representative optimization-based WPT design studies.

Method Main objective Limitation Ref.

Genetic algorithm Compensation-network design for improving efficiency and
power

Does not explicitly consider both load and coupling
coefficient variations in a unified framework

[18]

Analytical design Parameter design for power and efficiency improvement Mainly condition-specific design, without multi-
objective optimization

[19]

Multi-objective optimization Efficiency and power optimization under dynamic
conditions

Does not focus on LCC-S compensation-parameter
design with improved constraint-aware search

[20]

Parametric sweep simulation Performance analysis under parameter and misalignment
variations

Relies on discrete scanning, inefficient for multi-
variable tradeoff optimization

[21]

Improved NSGA-II Robust multi-objective LCC-S compensation-parameter
optimization under load and coupling coefficient variations

Requires iterative optimization This article

 

Fig. 1  Typical circuit model of WPT system.
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of the load, transmitter coil, and receiver coil, respectively. As shown
in Fig.  2,  the  system  comprises  three  resonant  circuits; LP1 and CP1

constitute the resonant circuit  1,  the resonant angular  frequency is
ωP1, CP1, CP and LP constitutes  the  resonant  circuit  2  with  resonant
angular  frequency ωP.  The  third  resonant  circuit,  composed  of
LS and CS,  exhibits  a  resonant  angular  frequency ωS.  The  three
frequencies  are  equal  to  the  system  operating  frequency ω when
the  circuit  is  completely  resonant,  and  the  resonance  condition  is
shown in Eq. (3).

ω =

√
1

LS CS
=

√
1

LP1CP1
=

√
CP1+CP

LPCP1CP
(3)

LCC-S  WPT  system's  impedance  is  analyzed  using  KCL  and  KVL
laws.  As  shown  in  Eq.  (4), Zs, Zref,  and Zin denote  the  equivalent
receiving impedance, reflected impedance, and input impedance of
the system, respectively.

ZS = jωLS +
1

jωCS
+RL +RS

Zref =
ω2M2

ZS

Zin = jωLP1+
1

jωCP1+
1

jωLP+RP+
1

jωCP
+

(ωM)2

ZS

(4)

As is  shown in Eq.  (5),  the current corresponding to each branch
of the system can be obtained:

·
Iab =

·
Uab

Zin
·
IP =

·
Iab/( jωCP1)

1/ ( jωCP1)+
[
jωLP+1/ ( jωCP)+Zre f

]
·
IS =

jωM
·
Ip

ZS

(5)

The LCC-S WPT system's input power Pin,  output power Pout,  and
transfer efficiency η are expressed by Eq. (6).

Pin =
·

Uab
·
Iab

Pout =
·
IS

2RL

η =
Pout

Pin
×100%

(6)

 Analysis of the circuit, based on LCC-S
compensation

∈

∈

A  dynamic  WPT  experimental  platform  is  constructed,  and  a
corresponding  analytical  model  is  developed  to  explore  the  influ-
ence  of  system  parameters  on  output  characteristics.  Parameter
settings for output characteristic analysis are summarized in Table 2;
Uab = 20 V, the scanning range of the inverter switching frequency is
(1, 150) kHz, the number of sampling points is 300, and the transmit-
ter  and  receiver  coils'  inductance  and  series  resistance  are  given.
According  to  Eq.  (3),  to  achieve  system  resonance,  the  compensa-
tion  capacitors  (CP, CS,  and CP1)  are  calculated.  In  dynamic  applica-
tion scenarios, variations in mutual inductance and load, caused by
relative  positional  changes,  become  key  factors  that  significantly
influence transfer  efficiency and output  power.  Variation in  mutual
inductance  can  be  equivalently  represented  by  changes  in  coils'
coupling  coefficient,  expressed  as k  [kmin, kmax].  The  load  resis-
tance  also  tends  to  fluctuate  within  a  certain  range,  which  can  be
expressed  as RL  [RLmin, RLmax].  Experimental  results  under  these
conditions are presented in Fig. 3.

Figure 3 shows the differences in the output characteristics of the
LCC-S  WPT  system  under  different  load  and  coupling  coefficient
conditions.  With  the  variation  in  operating  frequency,  a  mismatch
exists  between  the  frequency  corresponding  to  the  maximum
output power, and that corresponding to the maximum transfer effi-
ciency.  The  transfer  efficiency  reaches  its  maximum  near  the  reso-
nant  point,  whereas  the  output  power,  due  to  the  frequency  split-
ting phenomenon, tends to reach higher values on both sides of the
resonant frequency, rather than exactly at resonance.

 

Fig. 2  Simplified structure of a LCC-S WPT system.

 

Table 2.  Parameter setting for output characteristic analysis.

Parameter Value Parameter Value Parameter Value

Uab 20 V LP1 2 μH f (1, 150) kHz
LP 29.8 μH LS 30.2 μH k 0.1, 0.15, 0.25
RP 150.94 mΩ RS 126.08 mΩ RL 5, 10, 20

 

a b

Fig. 3  System output characteristics. (a) load variation, and (b) coupling coefficient variation.
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Figure 3a shows that load variation from 5 to 10 and 20 Ω signifi-
cantly  affects  both the  peak  locations  and peak  magnitudes  of  the
output  power  and  efficiency  curves.  Specifically,  the  output  power
peaks  remain  located  near  the  two  split  frequencies,  around
70–72  kHz,  and  96–98  kHz,  while  their  magnitudes  increase
markedly with increasing load. Meanwhile, the maximum efficiency
shifts  from  about  86%  at RL =  5 Ω to  about  83%  at RL =  10 Ω,  and
around  80%  at RL =  20 Ω,  and  the  high  efficiency  region  becomes
broader.  This  indicates  that  load  variation  changes  the  impedance
matching  condition  of  the  system  and  thereby  shifts  the  optimal
operating range. As shown in Fig. 3b, variation in the coupling coef-
ficient  from 0.1  to  0.15  and 0.25  also  has  a  significant  influence on
the  system  output  characteristics.  As  the  coupling  coefficient
increases, the maximum efficiency rises from about 72% to 84%, and
then  to  nearly  90%  near  the  resonant  frequency  of  85  kHz.  At  the
same time, the frequency splitting behavior becomes more evident,
and the deviation between the output power peak and the efficiency
peak is  further  enlarged.  In  contrast,  when the coupling coefficient
decreases,  both  the  output  power  and  transfer  efficiency  deterio-
rate, and the high efficiency operating region shifts accordingly.

Therefore,  parameter  design  based  on  a  single  operating  condi-
tion  or  a  single  performance  index  cannot  simultaneously  guaran-
tee  output  power  and  transfer  efficiency  under  varying  conditions.
To  overcome  this  challenge,  a  multi-objective  optimization  model
that simultaneously considers output power, transfer efficiency, and
operating condition variations is further established in this work.

 Multi-objective parameter design
methods

 Establishment of a multi-objective parameter
optimization model

The  LCC-S  compensation  topology's  performance  is  sensitive  to
its multiple parameters, as varying their combinations impacts both
output  power  and  transfer  efficiency.  Non-ideal  factor  fluctuations
such  as  working  environment  and  parameter  errors  will  affect  the
system  in  actual  operation,  resulting  in  output  power  and  transfer
efficiency fluctuations. The design of this kind of system often needs
to be combined with a multi-objective optimization algorithm.

∈

The  main  influencing  factors  of  its  working  environment  on  the
system  output  can  be  divided  into  two  types:  (1)  the  relative  posi-
tional  variation  between  the  transmitter  and  receiver  coils  during
magnetic  coupling;  and (2)  the change of  load.  The electrical  para-
meters (LP, LS, RP, RS) will  be  determined  after  the  winding  is
completed.  At  this  time,  the  parameters  to  be  designed  are  the
primary-side  series  resonant  compensation  inductance LP1,  the
primary-side  parallel  resonant  capacitance CP1,  the  primary-side
series  resonant  compensation  capacitance CP,  and  the  secondary-
side series resonant capacitance CS.  They are written in the form of
a  decision  vector x =  [LP1, CP1, CP, CS].  The  coupling  coefficient k,
and  load  resistance RL are  not  treated  as  free  design  variables,  but
as  operating  condition  parameters  that  vary  within  prescribed
ranges, s = [k, RL]  Ωs, to simulate different working conditions and
find  out  the  optimal  parameter  solution  of  the  system  stability
under varying operating conditions.

f1(x)

f2(x)

The  objective  function  established  in  this  paper  is  shown  in  Eq.
(7), where  means that the output power should not exceed the
set  power  range  in  order  to  ensure  the  stable  operation  of  the
system  under  varying  operating  conditions,  and  means  that
the  efficiency  of  the  system  should  maintain  the  maximum  value

f1(x) f2(x)under  varying  operating  conditions.  By  combining  and 
into  a  multi-objective  function,  the  performance  of  the  system
under varying operating conditions can be considered comprehen-
sive; as so to improve the stability of the system. f1(x) = [Pout (kmax,RLmin)−Pmax]2+ [Pout (kmin,RLmax)−Pmin]2

f2(x) = |1−η (kmax,RLmin)|+ |1−η (kmin,RLmax)|
(7)

The  output  power  range  (Pmin, Pmax)  is  determined  based  on  the
actual  application  scenario.  Electrical  constraints  are  added  to
improve device safety; the current flowing through the coil must be
less than the maximum withstand current of the wire used; and the
voltage  at  both  ends  of  the  resonant  capacitor  must  also  be  less
than the maximum voltage value that can be tolerated.  In order to
make  the  design  reasonable,  the  transmitting  coil  requires  a  self-
inductance LP higher  than the  series  compensation inductance LP1.
Using the specified constraints and design parameters, the system's
multi-objective optimization model is expressed as shown in Eq. (8).

min F(x) = { f1(x), f2(x)}

IP1, IP, IS < Imax

|VCP1| ≤ VP1,max

|VCP| ≤ VP,max

|VCS | ≤ VCS ,max

LP > LP1

Im(Zin (LP1,CP1,CP,CS ,RL)) ≥ 0

(8)

 Improved NSGA- II algorithm
Based on the developed circuit model, the optimization problem

aims  to  determine  the  resonant  compensation  parameters  that
maximize  output  power  and transfer  efficiency while  satisfying the
zero-voltage-switching  (ZVS)  requirement.  However,  the  maximum
output power and the maximum transfer efficiency generally do not
occur  at  the  same  operating  point,  and  a  manual  search  of  effi-
ciency  curves  may  overlook  the  global  optimum.  Therefore,  the
circuit model is combined with a multi-objective optimization algo-
rithm to obtain the compensation parameters with improved over-
all performance.

NSGA-II  combines  the elitist  retention mechanism with fast  non-
dominated  sorting,  which  significantly  reduces  the  computational
complexity while maintaining the diversity of the population. It is a
representative method that considers both stability and efficiency in
multi-objective  evolutionary  algorithms[22−24].  However,  the  stan-
dard NSGA-II still has two limitations in WPT parameter design. First,
fixed  crossover  and  mutation  probabilities  cannot  effectively
balance  global  exploration  and  local  exploitation  during  different
evolutionary  stages.  Second,  feasible-solution  search  under  multi-
ple engineering constraints is not sufficiently emphasized.

In  order  to  solve  the  above  problems,  an  improved  NSGA-II  is
adopted in this work. Adaptive simulated binary crossover (SBX) and
adaptive  polynomial  mutation  (PM)  are  introduced  to  dynamically
regulate  the  search  process,  so  that  global  exploration  and  local
exploitation  can  be  better  balanced  during  evolution.  In  addition,
constraint-aware  non-dominated  sorting  is  incorporated  to  explic-
itly  prioritize  feasible  solutions  under  output,  current,  and  ZVS
constraints.  Through  these  modifications,  the  proposed  method
improves  search  adaptability,  feasible-solution  selection  capability,
and  robustness,  for  strongly  coupled  and  multi-constraint  WPT
parameter  optimization  problems. Figure  4 is  the  flow  chart  of  the
improved  NSGA-II,  where  blue  represents  the  improved  algorithm
section applicable  to  parameter  design,  and orange represents  the
basic  NSGA-II  section.  The  detailed  procedure  is  described  as
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follows:
STEP 1: Initialize the population position P0. The algorithm begins

by defining the number of particles N, the maximum iteration count
T,  the  list  of  objective  functions,  and  the  corresponding  parameter
boundaries.

STEP  2:  Objective  and  constraint  evaluation.  Each  population
member is assessed by calculating its objective function values and
the  degree  to  which  constraints  are  violated.  The  total  constraint
violation degree is given by Eq. (9).

CV(x) =
J∑

j=1

max(0,g j(x))+
L∑

l=1

|hl(x)| (9)

where gj represents  an  inequality  constraint, hl denotes  an  equality
constraint,  and J and L are  the  number  of  inequality  and  equality
constraints, respectively.

STEP 3: Constraint non-dominated sorting. A non-dominated sort-
ing  strategy  based  on  an ε constraint  is  adopted  to  enhance  the
constraint  processing  ability.  In  comparing  two  individuals,  the
assessment  proceeds  sequentially;  first  by  feasibility,  then  by
constraint  violation,  and  last  by  Pareto  dominance.  The ε value  is
dynamically updated as follows.

ϵ(t) = ϵ(0) · exp
(
−α · t

T

)
(10)

where ε0 represents  the  initial  tolerance,  and α is  the  attenuation
coefficient.

STEP 4:  Improved crowding-distance calculation.  To improve the
uniformity  of  Pareto  front  distribution,  an  improved  crowding
distance  metric  is  employed.  For  the  mth objective,  the  crowding
distance  of  individual i is  given  by  Eq.  (11).  The  overall  crowding
distance is the sum of the distances on each target dimension, and a
larger  value  is  given  to  the  boundary  individuals  to  retain  the
extreme solution.

CDm(i) =
fm(i+1)− fm(i−1)

f max
m − f min

m
(11)

STEP  5:  The  algorithm  identifies  elite  members  through  a
combination  of  non-dominated  sorting  and  crowding-distance
evaluation. At the same time, an adaptive genetic operator is intro-
duced  to  balance  global  exploration  and  local  development  in  the
evolutionary process. The crossover (pc) and mutation (pm) probabil-
ities change linearly over the course of the current generation, and
the specific formula is shown in Eq. (12).

pc(t) = pc,min+ (pc,max− pc,min)
(
1− t

T

)
pm(t) = pm,min+ (pm,max− pm,min)

t
T

(12)

STEP 6: After merging the parent and offspring populations, an ε-
constrained  non-dominated  sorting  is  performed  again,  accompa-
nied by a refined crowding-distance calculation. Elite individuals are
chosen from the first non-dominated front, and a local search strat-
egy based on simulated annealing is applied for further refinement.
The acceptance probability and temperature update formula of the
new solution is shown in Eq. (13).Paccept = exp

(
− ∆ f

Ttemp

)
Ttemp(t+1) = β ·Ttemp(t)

(13)

where Δf is  the  mass  change  of  the  solution, Ttemp is  the  current
temperature, and β is the cooling rate.

STEP  7:  At  the  point  where  the  maximum  iteration  limit T is
reached,  or  the change of the Pareto front is  lower than the preset
threshold, the algorithm is terminated. Otherwise, return to STEP 5,
continue to perform elite selection, adaptive genetic operation and
local  search,  and  enter  the  next  generation  in  the  evolutionary
process.

 Algorithm optimization results
The  electrical  constraints  are  as  follows:  (1)  The  range  of  output

power  is  (10,  50)  W;  (2)  the  lowest  transfer  efficiency  is  80%;
(3)  current  is  less  than  3.5  A;  (4)  the  transmitting  coil's  self-induc-
tance LP must exceed the series resonant inductance LP1; and (5) the
realization  of  ZVS  requires  that  the  imaginary  part  of  the  input
impedance is positive.

All  computational  workflows  were  executed  on  a  standardized
test  platform  (Windows  10  64-bit,  Intel  i5-12400F  CPU  @  4.4  GHz,
NVIDIA  RTX  2060  Super  8  GB,  16  GB  RAM)  running  MATLAB  2023b
and Python 3.10, based on the optimization settings in the program,
the improved NSGA-II uses a population size of N = 500 and a maxi-
mum  number  of  iterations  of T =  300.  According  to  the  actual
runtime  statistics  on  the  standardized  test  platform,  the  average
time  per  iteration  in  this  stage  is  approximately  0.0588  s,  and  the
total  time  for  300  iterations  is  approximately  17.63  s.  The  Pareto
fronts generated by the improved NSGA-II are presented in Fig. 5.

Based on a comprehensive evaluation of both output power and
transfer  efficiency,  the  corresponding  optimal  parameter  set  is
determined as follows: LP1 = 21.48 μH, CP1 = 82.55 nF, CP = 30.77 nF,
CS = 25.19 nF, k = 0.23, and RL = 15 Ω. The theoretical output power
is 30 W, and the transfer efficiency is 97.2%.

 Experimental verification
Figure  6 illustrates  the  WPT  experimental  platform,  which

includes  a  DC  power  supply,  MCU  controller,  inverter,  resonant
compensation  topology  circuit,  coupling  mechanism,  rectifier,  and

 

Fig. 4  Multi-objective parameter optimization process based on NSGA-II.
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load. The platform was built to experimentally validate the effective-
ness  of  the  proposed  compensation-parameter  optimization
method  under  practical  operating  conditions.  In  particular,  the
transmitter and receiver coils were both wound using 0.1 * 200 Litz
wire. The outer dimensions of the coils are 25.1 * 18.1 cm, the inner
dimensions are 16.7 * 9.8 cm, and the number of turns is 18. Under
the  nominal  condition,  the  center-to-center  distance  between  the
two coils is 6 cm, corresponding to a coupling coefficient of 0.24.

To simplify the experimental platform and more directly evaluate
the  influence  of  the  proposed  compensation-parameter  optimiza-
tion  method  on  system  performance,  no  magnetic  core  was  intro-
duced into the coupled coils. In contrast, the series resonant induc-
tor was wound using 0.1 * 200 Litz wire on a magnetic core, and the
compensation capacitors were implemented through series-parallel

combinations  of  discrete  capacitors  to  obtain  the  required  target
values.

Table 3 provides the detailed values of all system components in
the experiment. Set-I denotes the optimized parameter set obtained
by the proposed improved NSGA-II  method,  and set-II  denotes  the
comparison  parameter  set  obtained  by  a  conventional  design
approach.  All  parameters  were  measured  using  a  VICTOR  4092D
impedance analyzer.

When the load RL is 15 Ω, the transmitting and receiving coils are
positioned with a 6 cm center-to-center spacing, the corresponding
coupling coefficient is 0.23. The inverter output and load responses
of the WPT system under set-I  are shown in Fig. 7. Figure 7a shows
the inverter output, where the peak output voltage is 21.6 V with an
RMS value of 19.96 V, and the peak output current is 2.48 A with an
RMS value of 1.63 A. Figure 7b shows the load's voltage and current,
where the voltage value is 21.2 V, and the load current is 1.41 A. The
WPT  system  delivers  an  input  power  of  32.45  W  and  an  output
power of 29.89 W, resulting in an energy transfer efficiency of 92.1%.

To validate the effectiveness of the algorithmic optimization, the
inverter  output  and load responses  of  the  WPT system under  set-II
are  presented  in Fig.  8. Figure  8a is  the  inverter  output,  where  the
peak output voltage is 22.4 V with an RMS value of 19.95 V, and the
peak  output  current  is  2  A  with  an  RMS  value  of  1.26  A. Figure  8b
presents  the load's  voltage and current,  where the voltage value is
18.4  V,  and  the  current  value  is  1.2  A.  Currently,  the  input  power
of the WPT system is 25.14 W, the output power is 22.08 W, and the
efficiency  is  87.8%.  Based  on  the  comparative  analysis,  the  circuit
parameters  optimized  using  NSGA-II  achieve  higher  output  power
and  improved  transfer  efficiency  than  those  obtained  via  the
conventional design method.

The  system's  transfer  efficiency  and  power  output  are  analyzed
for both the optimized (set-I) and baseline (set-II) parameter sets are
shown  in Fig.  9 for  different  coupling  coefficients  and  load  con-
ditions. Figure  9a demonstrates  that  the  increase  in  the  coupling
coefficient leads to a gradual rise in output power accompanied by a

 

Fig. 5  Multi-objective optimization results.

 

Fig. 6  Experimental setup of LCC-S WPT system.

 

Table 3.  Experimental parameter setting.

Symbol Value Symbol Value

Uab 20 V f 100 kHz
LP 99.69 μH LS 100.5 μH
RP 194.2 mΩ RS 225.8 mΩ
LP1 (set-I) 20.9 μH LP1 (set-II) 25.24 μH
CP1 (set-I) 120.5 nF CP1 (set-II) 100.5 nF
CP (set-I) 32.95 nF CP (set-II) 33.3 nF
CS (set-I) 24.73 nF CS (set-II) 24.73 nF
RL [5, 5, 25 ] Ω k [0.12, 0.04, 0.24]

 

a b

Fig. 7  Experimental results of set-I (a) inverter output, and (b) load.
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decrease in transfer efficiency, implying that for longer transmission
distances,  the  system  achieves  higher  efficiency  at  the  expense  of
reduced output  power. Figure  9b demonstrates  that  as  the  system
load  increases,  output  power  gradually  decreases,  whereas  effi-
ciency increases. Across the range of coupling coefficients and load
variations,  the  system  parameter  set-I  optimized  by  NSGA-II  has
higher  output  power  and  transfer  efficiency  than  set-II.  Although
fluctuations  in  output  power  and  efficiency  occur  under  different
operating  conditions,  the  system  remains  capable  of  adapting  to
these  changes,  ensuring  that  the  minimum  output  power  exceeds
10  W,  and  the  minimum  transfer  efficiency  remains  above  80%.
These results  demonstrate that  the system design has certain flexi-
bility  and  adaptability,  maintaining  relatively  stable  performance
under different working conditions.

 Conclusions
This paper proposes a multi-objective parameter optimization for

the general compensation topology WPT system using an improved
NSGA-II  algorithm.  Taking  the  LCC-S  system  as  an  example,  by
analyzing  the  circuit  topology  and  output  characteristics,  an
improved NSGA-II is employed to optimize the LCC-S compensation
parameters,  producing  the  Pareto  solution  set.  In  addition,  when
variations in load and coupling coefficient are incorporated into the
objective  function  formulation,  and  the  adaptability  of  the  system
to  the  change  of  working  conditions  is  improved.  Finally,  a  WPT
experimental  platform  is  established,  and  the  proposed  efficiency
optimization  method  is  used  to  design  the  parameters.  The

experimental  evaluation  shows  that  the  optimization  design
method  improves  the  system's  response  to  changes  in  load  and
coupling coefficient while satisfying output power and transfer effi-
ciency requirements.
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Fig. 8  Experimental results of set-II (a) inverter output, and (b) load.

 

Fig. 9  Experimental results (a) coupling coefficient variation, and (b) load variation.

https://doi.org/10.48130/wpt-0026-0017  

Zhao et al. Wireless Power Transfer 2026, 13: e026   Page 7 of 8

https://doi.org/10.48130/wpt-0026-0017
https://doi.org/10.48130/wpt-0026-0017
https://doi.org/10.48130/wpt-0026-0017
https://doi.org/10.48130/wpt-0026-0017
https://doi.org/10.48130/wpt-0026-0017


Dates

Received  7  January  2026; Revised  25  March  2026; Accepted  10
April 2026; Published online 4 September 2026

References 

 Vu VB, Ramezani A, Triviño A, González-González JM, Kadandani NB, et
al. 2023. Operation of inductive charging systems under misalignment
conditions:  a  review  for  electric  vehicles. IEEE  Transactions  on  Trans-
portation Electrification 9(1):1857−1887

[1]

 Zhang B,  Dong S,  Zhu C,  Yin Y,  Zhang M. 2023. Composite  control  to
suppress  output  fluctuation  for  receiver  side  of  dynamic  wireless
power  transfer  system. IEEE  Transactions  on  Power  Electronics
38(5):6720−6733

[2]

 Wei  Y,  Wu  F. 2022. Indirect  control  strategy  of  secondary  current  for
LCC-series  compensated  wireless  power  transfer  system  based  on
primary  current  closed-loop  control. IEEE  Transactions  on  Transporta-
tion Electrification 8(2):1553−1565

[3]

 Ahn J, Woo S, Kim H, Song K, Huh S, et al. 2022. An out-of-phase wire-
less power transfer system for implantable medical devices to reduce
human exposure to electromagnetic field and increase power transfer
efficiency. IEEE  Transactions  on  Biomedical  Circuits  and  Systems
16(6):1166−1180

[4]

 Lu Y, Yang B, He S, Peng Y, Lyu T, et al. 2024. Design of compensation
topology for  IPT system considering coils'  parameters  and load varia-
tions for CC or CV output. IEEE Transactions on Transportation Electrifi-
cation 10(1):1583−1595

[5]

 Triviño  A,  González-González  JM,  Aguado  JA. 2021. Wireless  power
transfer  technologies  applied  to  electric  vehicles:  a  review. Energies
14(6):1547

[6]

 Ali  N,  Liu  Z,  Armghan  H,  Ahmad  I,  Hou  Y. 2021. LCC-S-based  integral
terminal  sliding  mode  controller  for  a  hybrid  energy  storage  system
using a wireless power system. Energies 14(6):1693

[7]

 Massa  A,  Salucci  M. 2022. On  the  design  of  complex  EM  devices  and
systems  through  the  system-by-design  paradigm:  a  framework  for
dealing  with  the  computational  complexity. IEEE  Transactions  on
Antennas and Propagation 70(2):1328−1343

[8]

 Rohith C, Indumathi B. 2023. Double-sided LCC compensation network
and  its  tuning  method  for  wireless  power  transfer  for  EV  charging.
International  Journal  for  Research  in  Applied  Science  and  Engineering
Technology 11(3):886−888

[9]

 Huang  Z,  Fang  Z,  Lam  CS,  Mak  PI,  Martins  RP. 2020. Cost-effective
compensation  design  for  output  customization  and  efficiency  opti-
mization  in  series/series-parallel  inductive  power  transfer  converter.
IEEE Transactions on Industrial Electronics 67(12):10356−10365

[10]

 Nguyen  VT,  Vu  VB,  Gohil  G,  Fahimi  B. 2022. Coil-to-coil  efficiency
optimization of  double-sided LCC topology for  electric  vehicle induc-
tive  chargers. IEEE  Transactions  on  Industrial  Electronics
69(11):11242−11252

[11]

 Nguyen BX, et al. 2015. An efficiency optimization scheme for bidirec-
tional  inductive  power  transfer  systems. IEEE  Transactions  on  Power
Electronics 30(11):6310−6319

[12]

 Shi W, Dong J,  Soeiro TB, Riekerk C, Grazian F, et al. 2022. Design of a
highly efficient 20-kW inductive power transfer system with improved
misalignment performance. IEEE Transactions on Transportation Electri-
fication 8(2):2384−2399

[13]

 Xu F, Wei S, Li J, Yuan D, Chen K. 2024. Investigation on compensation
topology  and  its  parameter  matching  method  for  dynamic  wireless
power  transfer  system. IEEE  Transactions  on  Industry  Applications
60(4):5692−5701

[14]

 Chen  Z,  Sun  X,  Liu  J,  Ren  B,  Wang  Z. 2024. Research  on  maximum
power point tracking control in omnidirectional wireless power trans-
fer system. IEEE Transactions on Industrial Electronics 71(7):6612−6621

[15]

 Monti G, De Paolis MV, Corchia L, Georgiadis A, Tarricone L. 2019. Effi-
ciency optimization of a three-coil resonant energy link. Wireless Power
Transfer 6(2):126−137

[16]

 Guo Z, Nai J, Chen S, Zhang H, Ye M, et al. 2025. Optimized configura-
tion and characterization of LCC-S based wireless power transmission
system. Wireless Power Transfer 12(1):e012

[17]

 Bertoluzzo M, Di Barba P, Forzan M, Mognaschi ME, Sieni E. 2022. Opti-
mization  of  compensation  network  for  a  wireless  power  transfer
system in  dynamic  conditions:  a  circuit  analysis  approach. Algorithms
15(8):261

[18]

 Chakibanda  V,  Komanapalli  VLN. 2024. Coil  parameter  analysis  for
inductively  coupled  wireless  charging  for  electric  vehicles. Vehicles
6(1):468−483

[19]

 Li Y, Wang S, Wu Y, Jiang Y, Xiao Z, et al. 2025. Heterogeneous integra-
tion  of  isotropic  and  anisotropic  magnetic  cores  for  inductive  power
transfer. IEEE Transactions on Power Electronics 40(2):3770−3784

[20]

 Wang Q, Li Z, Yang B, Lu Y, Mai R, et al. 2025. Inductive power transfer
system  with  constant  current-constant  voltage  charging  tolerating
misalignment  based  on  multiobjective  optimization  for  compensa-
tion topology. IEEE Transactions on Power Electronics 40(3):4581−4591

[21]

 Ma J, Li Z, Liu Y, Ban M, Song W. 2023. Thermal analysis and optimiza-
tion of the magnetic coupler for wireless charging system. IEEE Trans-
actions on Power Electronics 38(12):16269−16280

[22]

 Bertoluzzo  M,  Giacomuzzi  S,  Sieni  E. 2020. Automatic  optimization  of
the compensation networks of a wireless power transfer system. Ener-
gies 13(20):5298

[23]

 Wen F,  Chu X,  Li  Q,  Gu W. 2020. Compensation parameters  optimiza-
tion of wireless power transfer for electric vehicles. Electronics 9(5):789

[24]

Copyright:  ©  2026  by  the  author(s).  Published  by
Maximum Academic Press, Fayetteville, GA. This article

is  an  open  access  article  distributed  under  Creative  Commons
Attribution  License  (CC  BY  4.0),  visit https://creativecommons.org/
licenses/by/4.0/.

  https://doi.org/10.48130/wpt-0026-0017

Page 8 of 8   Zhao et al. Wireless Power Transfer 2026, 13: e026

https://doi.org/10.1109/TTE.2022.3165465
https://doi.org/10.1109/TTE.2022.3165465
https://doi.org/10.1109/TTE.2022.3165465
https://doi.org/10.1109/TPEL.2023.3244989
https://doi.org/10.1109/TTE.2021.3129508
https://doi.org/10.1109/TTE.2021.3129508
https://doi.org/10.1109/TTE.2021.3129508
https://doi.org/10.1109/TBCAS.2022.3222011
https://doi.org/10.1109/tte.2023.3272919
https://doi.org/10.1109/tte.2023.3272919
https://doi.org/10.1109/tte.2023.3272919
https://doi.org/10.3390/en14061547
https://doi.org/10.3390/en14061693
https://doi.org/10.1109/TAP.2021.3111417
https://doi.org/10.1109/TAP.2021.3111417
https://doi.org/10.22214/ijraset.2023.49538
https://doi.org/10.22214/ijraset.2023.49538
https://doi.org/10.1109/TIE.2019.2959491
https://doi.org/10.1109/TIE.2021.3118343
https://doi.org/10.1109/TPEL.2014.2379676
https://doi.org/10.1109/TPEL.2014.2379676
https://doi.org/10.1109/TTE.2021.3133759
https://doi.org/10.1109/TTE.2021.3133759
https://doi.org/10.1109/TTE.2021.3133759
https://doi.org/10.1109/TIA.2024.3382223
https://doi.org/10.1109/TIE.2023.3303625
https://doi.org/10.1017/wpt.2019.14
https://doi.org/10.1017/wpt.2019.14
https://doi.org/10.48130/wpt-0025-0005
https://doi.org/10.3390/a15080261
https://doi.org/10.3390/vehicles6010021
https://doi.org/10.1109/TPEL.2024.3485193
https://doi.org/10.1109/TPEL.2024.3435424
https://doi.org/10.1109/TPEL.2023.3318356
https://doi.org/10.1109/TPEL.2023.3318356
https://doi.org/10.1109/TPEL.2023.3318356
https://doi.org/10.3390/en13205298
https://doi.org/10.3390/en13205298
https://doi.org/10.3390/electronics9050789
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.48130/wpt-0026-0017
https://doi.org/10.48130/wpt-0026-0017
https://doi.org/10.48130/wpt-0026-0017
https://doi.org/10.48130/wpt-0026-0017
https://doi.org/10.48130/wpt-0026-0017

	Introduction
	Modeling and output characteristic analysis of the LCC-S WPT system
	Typical circuit structure of a WPT system
	Analysis of the circuit, based on LCC-S compensation

	Multi-objective parameter design methods
	Establishment of a multi-objective parameter optimization model
	Improved NSGA- II algorithm
	Algorithm optimization results

	Experimental verification
	Conclusions
	Author contributions
	Data availability
	Acknowledgments
	Conflict of interest
	References

