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Abstract : This study explores wireless power transfer (WPT) systems for public electric vehicle
charging, focusing on optimising the transmitter design to enhance interoperability across various
receiver coil geometries and alignment conditions. Due to the complex non-linear relationships in-
herent to WPT systems, traditional optimisation methods are computationally expensive. Therefore,
this study proposes an approach using artificial neural networks (ANNs) trained on finite element
method (FEM) data to develop a surrogate model of the WPT system. This model is integrated into
a blackbox optimisation solver, enabling faster identification of improved transmitter designs. The
proposed method achieves computational speeds 6,000 times faster than traditional FEM simulations,
with post-validation on the final solutions verifying prediction errors below 0.6%. The results demon-
strate a significant acceleration in the optimisation process, establishing this method as an effective
framework for developing practical WPT systems for public charging applications.
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ŷ i
)2

Bo
th

m
od

els
ac

hi
ev

e
a

fin
al

tr
ai

ni
ng

lo
ss

<
3%

an
d

R
2

sc
or

e
>

0.
85

.

Fi
gu

re
4:

AN
N

Tr
ain

in
g

an
d

Te
st

Lo
ss

(M
C)

Fi
gu

re
5:

AN
N

Tr
ain

in
g

an
d

Te
st

Lo
ss

(E
C)

6.
St

oc
ha

sti
c

Sc
en

ar
io-

ba
se

d
Op

tim
isa

tio
n

To
de

te
rm

in
e

th
e

av
er

ag
e

sy
st

em
pe

rfo
rm

an
ce

,
ea

ch
tra

ns
m

itt
er

co
il

de
sig

n
is

te
st

ed
ag

ain
st

75
ra

nd
om

re
ce

ive
rc

oi
ls

am
pl

es
.

Fi
gu

re
6:

St
oc

ha
st

ic
Sc

en
ar

io
-B

as
ed

O
pt

im
isa

tio
n

7.
Bl

ac
kb

ox
Op

tim
isa

tio
n

Tw
o

op
tim

isa
tio

n
alg

or
ith

m
sw

er
e

us
ed

fo
rc

om
pa

ris
on

:

1.
M

A
D

S
-M

es
h

Ad
ap

tiv
e

Di
re

ct
Se

ar
ch

St
oc

ha
st

ic
–

Un
ifo

rm
Ra

nd
om

Sa
m

pl
in

g
(P

yt
ho

n
Sc

iP
y)

[1
0]

2.
Q

M
C

-Q
ua

si-
M

on
te

Ca
rlo

De
te

rm
in

ist
ic

–
Va

ria
bl

e
M

es
h

Gr
id

Se
ar

ch
(C

+
+

NO
M

AD
3.

9)
[1

1]

Fi
gu

re
7:

Bl
ac

kb
ox

O
pt

im
isa

tio
n

Pr
oc

es
s

Tw
o

co
il

m
isa

lig
nm

en
tr

an
ge

sw
er

e
als

o
co

m
pa

re
d:

Ta
bl

e
2:

Re
ce

ive
rC

oi
lM

isa
lig

nm
en

tR
an

ge
s

M
isa

lig
nm

en
t

Ra
ng

e
x-

ax
is

y-
ax

is
z-

ax
is

SA
E

J2
95

4
[1

2]
±

10
0m

m
±

75
m

m
10

0m
m

−
25

0m
m

Re
al

-w
or

ld
[1

3]
±

40
0m

m
±

80
0m

m

8.
Op

tim
isa

tio
n

Re
su

lts
Th

e
Pa

re
to

fro
nt

pl
ot

s
sh

ow
th

e
im

pa
ct

of
m

isa
lig

nm
en

tr
an

ge
on

tra
ns

m
itt

er
pe

rfo
rm

an
ce

.
In

bo
th

ca
se

s,
co

ils
wi

th
fe

we
rt

ur
ns

an
d

m
id

-si
ze

ou
te

rd
iam

et
er

sh
av

e
th

e
hi

gh
es

ta
ve

ra
ge

pe
rfo

rm
an

ce
s.

Fi
gu

re
8:

Bl
ac

kb
ox

O
pt

im
isa

tio
n

Re
su

lts

As
sh

ow
n

ab
ov

e,
th

eM
AD

S
alg

or
ith

m
co

nv
er

ge
sw

ith
fe

we
re

va
lu

at
io

ns
,o

ut
pe

rfo
rm

in
g

th
eQ

M
C

alg
or

ith
m

.

9.
Po

st-
Va

lid
at

ion
Th

e
be

st
tra

ns
m

itt
er

de
sig

ns
fro

m
th

e
op

tim
iat

io
n

st
ag

e
we

re
re

-si
m

ul
at

ed
to

co
nfi

rm
th

e
er

ro
ro

ft
he

AN
N.

Ta
bl

e
3:

Po
st

-v
ali

da
tio

n
Re

su
lts

M
isa

lig
nm

en
t

Ra
ng

e
O

pt
im

al
Tx

Co
il

D
es

ig
n

Av
er

ag
e

PT
E

Di
am

et
er

(m
m

)
Tu

rn
s

AN
N

(%
)

FE
M

(%
)

er
ro

r
(%

)
SA

E
J2

95
4

71
8.

19
42

35
.5

12
9

58
.5

12
9

59
.0

22
8

0.
50

99
Re

al
-w

or
ld

70
0.

30
00

35
.9

69
6

92
.7

52
1

93
.3

35
3

0.
58

32

10
.C

on
tri

bu
tio

n
an

d
Fu

tu
re

W
or

k
Th

e
pr

op
os

ed
de

sig
n

op
tim

isa
tio

n
fra

m
ew

or
k

is:

•
6,

00
0

tim
es

fa
st

er
th

an
tra

di
tio

na
lF

EM
sim

ul
at

io
ns

•
Hi

gh
ac

cu
ra

cy
wi

th
pr

ed
ic

tio
n

er
ro

rs
<

0.
6%

.

Th
e

pe
rfo

rm
an

ce
of

th
e

op
tim

ise
d

tra
ns

m
itt

er
co

il
de

sig
n

un
de

r:

•
SA

E-
de

fin
ed

m
isa

lig
nm

en
t:

Av
er

ag
e

PT
E

=
92

.7
51

%
.

•
Re

al
-w

or
ld

m
isa

lig
nm

en
t:

Av
er

ag
e

PT
E

=
58

.5
1%

,b
el

ow
th

e
85

%
th

re
sh

ol
d.

To
ad

dr
es

s
th

e
low

pe
rfo

rm
an

ce
un

de
rr

ea
l-w

or
ld

co
nd

iti
on

s,
fu

tu
re

re
se

ar
ch

wi
ll

fo
cu

s
on

th
e

de
ve

lo
pm

en
t

of
a

m
ul

ti-
co

il
tra

ns
m

itt
er

sy
st

em
.

Th
is

re
se

ar
ch

de
m

on
st

ra
te

st
he

eff
ec

tiv
en

es
so

fA
NN

-b
as

ed
op

tim
isa

tio
n

fo
rW

PT
sy

st
em

de
sig

n,
pa

vin
g

th
e

wa
y

fo
rm

or
e

effi
cie

nt
,c

on
ve

ni
en

t,
an

d
ad

ap
ta

bl
e

pu
bl

ic
ch

ar
gi

ng
so

lu
tio

ns
.

11
.R

ef
er

en
ce

s
[1

]
Si

qi
Li

an
d

Ch
un

tin
g

Ch
ris

M
i.

W
ire

les
s

po
we

rt
ra

ns
fe

rf
or

ele
ct

ric
ve

hi
cle

ap
pl

ica
tio

ns
.

IE
EE

Jo
ur

na
lo

fE
m

er
gi

ng
an

d
Se

lec
te

d
To

pi
cs

in
Po

we
rE

lec
tr

on
ics

,3
(1

):4
–1

7,
M

ar
ch

20
15

.
[2

]
Su

m
ed

ha
Ra

ja
ka

ru
na

,F
ar

ha
d

Sh
ah

ni
a,

an
d

Ar
in

da
m

Gh
os

h.
Pl

ug
In

El
ec

tr
ic

Ve
hi

cle
s

in
Sm

ar
t

Gr
id

s:
In

te
gr

at
io

n
Te

ch
ni

qu
es

.
Po

we
rS

ys
te

m
s.

Sp
rin

ge
rS

in
ga

po
re

,S
in

ga
po

re
,2

01
5.

[3
]

Al
ici

a
Tr

iv
iñ

o-
Ca

br
er

a,
Jo

sé
M

.G
on

zá
lez

-G
on

zá
lez

,a
nd

Jo
sé

A.
Ag

ua
do

.
W

ire
les

s
Po

we
r

Tr
an

sfe
r

fo
r

El
ec

tr
ic

Ve
hi

cle
s:

Fo
un

da
tio

ns
an

d
D

es
ig

n
Ap

pr
oa

ch
.

Po
we

r
Sy

st
em

s.
Sp

rin
ge

r
In

te
rn

at
io

na
l

Pu
bl

ish
in

g,
Ch

am
,2

02
0.

[4
]

Ch
un

hu
a

Li
u,

Ch
ao

qi
an

g
Ji

an
g,

an
d

Ch
un

Q
iu

.
O

ve
rv

iew
of

co
il

de
sig

ns
fo

rw
ire

les
s

ch
ar

gi
ng

of
ele

ct
ric

ve
hi

cle
.

In
20

17
IE

EE
PE

LS
W

or
ks

ho
p

on
Em

er
gi

ng
Te

ch
no

lo
gi

es
:

W
ire

les
s

Po
we

rT
ra

ns
fe

r
(W

oW
),

pa
ge

1–
6,

Ch
on

gq
in

g,
Ch

in
a,

M
ay

20
17

.I
EE

E.
[5

]
Sh

un
ta

ro
In

ou
e,

Re
eb

al
N

im
ri,

Ab
hi

la
sh

K
am

in
en

i,
an

d
Re

ga
n

Za
ne

.A
ne

w
de

sig
n

op
tim

iza
tio

n
m

et
ho

d
fo

rd
yn

am
ic

in
du

ct
iv

e
po

we
rt

ra
ns

fe
rs

ys
te

m
su

til
izi

ng
a

ne
ur

al
ne

tw
or

k.
In

20
21

IE
EE

En
er

gy
Co

nv
er

sio
n

Co
ng

re
ss

an
d

Ex
po

sit
io

n
(E

CC
E)

,p
ag

e
14

96
–1

50
1,

Va
nc

ou
ve

r,
BC

,C
an

ad
a,

O
ct

ob
er

20
21

.I
EE

E.
[6

]
Th

om
as

Gu
ill

od
,P

an
te

lei
m

on
Pa

pa
m

an
ol

is,
an

d
Jo

ha
nn

W
.K

ol
ar

.
Ar

tifi
cia

ln
eu

ra
ln

et
wo

rk
(a

nn
)

ba
se

d
fa

st
an

d
ac

cu
ra

te
in

du
ct

or
m

od
eli

ng
an

d
de

sig
n.

IE
EE

O
pe

n
Jo

ur
na

lo
fP

ow
er

El
ec

tr
on

ics
,

1:
28

4–
29

9,
20

20
.

[7
]

H
an

na
h

M
er

rig
an

,Y
u-

H
sin

s
W

u,
An

to
in

e
Le

sa
ge

-L
an

dr
y,

an
d

Ju
n

Im
ao

ka
.

O
pt

im
isi

ng
ele

ct
ric

ve
hi

cle
wi

re
les

s
ch

ar
gi

ng
sy

st
em

s
us

in
g

ne
ur

al
ne

tw
or

ks
to

en
ab

le
fre

e-
po

sit
io

n
pa

rk
in

g.
In

IC
RE

RA
20

24
,p

ag
e

15
10

–1
51

4,
N

ag
as

ak
i,

Ja
pa

n,
N

ov
em

be
r2

02
4.

[8
]

Ro
be

rt
B.

Gr
am

ac
y.

Su
rro

ga
te

s:
Ga

us
sia

n
pr

oc
es

s
m

od
eli

ng
,d

es
ig

n,
an

d
op

tim
iza

tio
n

fo
rt

he
ap

pl
ied

sc
ien

ce
s.

CR
C

Pr
es

s,
Ta

yl
or

&
Fr

an
cis

Gr
ou

p,
Bo

ca
Ra

to
n,

20
20

.
[9

]
Ab

ra
ha

m
Le

e.
py

do
e,

20
13

.
[1

0]
Pa

ul
ia

n
et

al
.V

irt
an

en
.

Sc
ip

y
1.

0:
fu

nd
am

en
ta

la
lg

or
ith

m
s

fo
rs

cie
nt

ifi
c

co
m

pu
tin

g
in

py
th

on
.

N
at

ur
e

M
et

ho
ds

,1
7(

3)
:2

61
–2

72
,M

ar
ch

20
20

.
[1

1]
Sé

ba
st

ien
Le

D
ig

ab
el.

Al
go

rit
hm

90
9:

N
om

ad
:

N
on

lin
ea

ro
pt

im
iza

tio
n

wi
th

th
e

m
ad

s
al

go
rit

hm
.

AC
M

Tr
an

sa
ct

io
ns

on
M

at
he

m
at

ica
lS

of
tw

ar
e,

37
(4

):1
–1

5,
Fe

br
ua

ry
20

11
.

[1
2]

SA
E.

W
ire

les
s

po
we

rt
ra

ns
fe

rf
or

lig
ht

-d
ut

y
pl

ug
-in

/e
lec

tr
ic

ve
hi

cle
s

an
d

al
ig

nm
en

t
m

et
ho

do
lo

gy
,2

02
4.

[1
3]

St
ew

ar
t

A.
Bi

rre
ll,

D
an

iel
W

ils
on

,
Ch

ek
Pi

n
Ya

ng
,

Gu
nw

an
t

D
ha

dy
al

la
,

an
d

Pa
ul

Je
nn

in
gs

.
H

ow
dr

iv
er

be
ha

vi
ou

r
an

d
pa

rk
in

g
al

ig
nm

en
t

aff
ec

ts
in

du
ct

iv
e

ch
ar

gi
ng

sy
st

em
s

fo
r

ele
ct

ric
ve

hi
cle

s.
Tr

an
sp

or
ta

tio
n

Re
se

ar
ch

Pa
rt

C:
Em

er
gi

ng
Te

ch
no

lo
gi

es
,5

8:
72

1–
73

1,
Se

pt
em

be
r2

01
5.


