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Abstract: Wireless power transfer (WPT) systems have ushered in a new era for wearable and im-
plantable technologies, introducing opportunities for enhanced device functionality. A pivotal aspect in
improving these devices is the optimization of electromagnetic transmission. This paper presents several
solutions to improve electromagnetic transmission to an implantable/wearable device. Several scatterers
are considered to mimic objects that can be easily worn by a patient, such as necklaces and bracelets,
or easily integrated into textile fabric. An analytical method is employed to address the scattering
by cylindrical objects above a biological tissue, modeled as a multilayer. Expansions into cylindrical
waves, also represented through plane-wave spectra, are used to express the scattered fields in each
medium. Numerical results for both the case of conducting and of dielectric cylindrical scatterers are
presented at a frequency of the Industrial, Scientific and Medical band ( f = 2.45 GHz), showing possible
configurations of worn objects for electromagnetic field intensification.

Keywords: electromagnetic scattering; implantable/wearable antennas; wireless power transfer systems

MSC: 94-10; 92-10

1. Introduction

The evolution of Wireless Power Transfer (WPT) has revolutionized the world of
wearable and implantable technologies. These devices, of increasing impact in our daily
lives, demand a reliable and efficient source of power to operate optimally. One of the
fundamental pillars for improving the performance of such devices is the optimization
of electromagnetic transmission [1–5]. Amplifying the electromagnetic field intensity can
be advantageous in various contexts. In wearable devices, more powerful transmission
allows for more stable connectivity of the wireless link with other equipment or networks.
Furthermore, the increased received energy can significantly extend the battery life of
devices, reducing the need for frequent recharges. In the context of implantable devices,
such as pacemakers, defibrillators, and medical sensors, enhanced electromagnetic trans-
mission can ensure a constant connection between the device and the external control
system, enabling real-time monitoring of the patient’s health. This is crucial for the timely
detection of anomalies and the administration of preventive care, as outlined in [6–8],
where several opportunities and challenges in microwave medical applications are detailed.
Additional relevant applications are addressed in [9,10], where the analysis of wireless
sensing healthcare systems is presented. Other applications can be found in geoscience,
where the use of a passive scattering layer atop the ground can increase the electromagnetic
interaction with buried objects. In this direction, in [11], a procedure of “unlocking” the
ground by depositing a thin passive layer of conventional material atop of it was examined.

A recent study [12] presents an analytical model for the enhanced transmission of
electromagnetic fields within a wireless power transfer system to wearable devices. This
model relies on the scattering phenomenon of a plane-wave by a set of dielectric cylindrical
scatterers aligned above a multilayer. The analytical approach allows the determination of
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the field scattered by the cylinders within each medium through expansions into cylindrical
waves expressed in terms of plane-wave spectra. In [13,14], the scattering of a far-field
source by perfectly conducting cylindrical scatterers positioned above a semi-infinite lossy
medium is examined. The electromagnetic scattering problem is addressed using an analyt-
ical solution known as the “Cylindrical Wave Approach (CWA)” [15,16]. The interaction
between a plane-wave field and the cylindrical scatterers is described through expan-
sions into cylindrical waves, and a spectral method is employed to analyze the interaction
between the scattered field and the interface.

Here, the theory is recalled and developed for the case of conducting cylinders placed
above a multilayer. Numerical results are presented for both dielectric and conducting scat-
terers. In particular, several configurations are analyzed in which alignments of dielectric
or conducting circular cross-section scatterers are designed to be placed on textile fabrics
worn by individuals or patients, with the aim of increasing power transfer to wearable or
implantable devices. The first configuration, called ‘Case A’, consists of an array of dielec-
tric cylinders placed above a multilayer that models a layer of skin, fat, muscle, and a layer
that simulates a generic antenna substrate. Our interest lies in analyzing electromagnetic
transmission to an implantable antenna. In this case, an incident wave having the electric
field directed along the cylinder axis (TM polarization) is considered at a frequency of
f = 2.45 GHz. An increase larger than 6 dB is observed in the electric field in the regions
immediately above the antenna substrate. A second configuration, called ‘Case B’, consists
of an array of dielectric cylinders placed above a multilayer that models biological tissues,
including a layer simulating a tumor inclusion. We are interested in evaluating the field in
the proximity of the tumor tissue.

The third configuration, called ‘Case C’, involves an array of conducting cylinders
placed above a matching layer positioned between the scatterers and the biological tissues,
showing how it is possible to obtain an intensification between the skin and fat layers, which
may be of interest for an implantable receiving antenna. The fourth configuration, called
‘Case D’, involves an array of conducting cylinders positioned above a multilayer structure
that mimics a textile layer followed by skin, fat, and muscle. The receiving antenna is
positioned at the center of a textile layer immediately above the skin tissue, and an incident
wave with the magnetic field aligned along the cylinder axis (TE polarization) is considered
at a frequency of f = 2.45 GHz. An enhancement factor exceeding 3 dB is observed for the
electric field within regions situated in the middle of the textile layer.

The paper is organized as follows: In Section 2, the geometry of the problem is
presented and the theoretical approach is discussed; in Section 3 the numerical results are
shown and discussed; in Section 4 the conclusions are drawn.

2. Geometry of the Scattering Problem and Theoretical Analysis

We examine the geometry of the scattering scenario depicted in Figure 1. N cylindrical
dielectric or conducting rods with circular cross-sections are positioned on the top of a
multilayered structure. The structure extends infinitely along the y-axis. We analyze a
layout with a multilayer embedded between two dielectric half-spaces, namely, medium 0
and medium M. Medium 0 is occupied by the vacuum with permittivity ε0, while the media
from 1 to M are linear, isotropic, and homogenous media having permittivity ε j = ε0εrj
(j = 1, ..., M) and conductivity σj. The j-th layer (j = 1, ..., M − 1) has a thickness of dj.
Within medium 0, N scatterers are positioned along the y-axis. We consider a primary
reference frame (O, ξ, ζ) with normalized coordinates ξ = k0x and ζ = k0z, where k0 = ω/c
represents the vacuum wavenumber. Additionally, N local reference frames, centered on the
axis of the t-th cylinder, are introduced. These frames utilize both Cartesian (Ot, ξt, ζt) and
polar (Ot, ρt, θt) coordinates, where ξt = k0xt = ζ − χt, ζt = k0zt = ζ − ηt, and ρt = k0rt.

A plane-wave is the source of the scattering problem, propagating in medium 0, and
propagates impinging on the multilayer. A scalar function V(ξ, η) is used to describe the
y-directed electric field E, in the case of TMy polarization, or the y-directed magnetic field
H, in the TEy one. In medium 0, the total field is decomposed as follows:
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• Vi(ξ, ζ): plane-wave incident field;
• Vr(ξ, ζ): plane-wave reflected field, excited by reflection of the incident field Vi onto

the layered half-space ξ > 0;
• Vs(ξ, ζ): scattered field by the cylinders;
• Vsr(ξ, ζ): scattered-reflected field, excited by reflection of the scattered field Vs onto

the layered half-space ξ > 0;

Figure 1. Geometry of the scattering problem.

In the half-space ξ > 0, the following terms are considered:

• Vt(ξ, ζ): plane-wave transmitted field, excited by the transmission of the incident field
Vi into layered media;

• Vst(ξ, ζ): scattered-transmitted, excited by transmission of the scattered field Vs into
layered media.

Here, the analytical approach presented for dielectric cylinders in [12] is considered
and extended for the case of conducting cylinders. The expression of the plane wave
spectrum of a generic cylindrical function of order m is:

CWm(ξ, ζ) =
1

2π

∫ +∞

−∞
Fm(ξ, n||)e

in||dn|| (1)

where Fm is the angular spectrum of a cylindrical function, having explicit expression:

Fm(ξ, n||) =
2√

1−(n2
||)

e
i|ξ|

√
1−(n2

||)

× eim arccosn|| ξ ≥ 0
e-im arccosn|| ξ ≤ 0

(2)
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The scattered field Vs has the following expression in polar coordinates, where the
addition theorem of Hankel functions has been applied:

Vs(ξ, ζ) = V0 ∑+∞
l=−∞ Jl(ρp)eilθp ∑N

q=1 ∑∞
m=∞ cqm

×
[

CWm−l(ξqp, ζqp)(1 − δqp) +
H(1)

l (ρp)

Jl(ρp)
δqpδlm

] (3)

where CWm is the m-th order cylindrical function defined in Equation (1), which here may
be expressed, alternatively, through:

CWm = H(1)
m (ρp)eipθp (4)

with H(1)
m (ρp) a first-kind Hankel function, and eipθp an angular term.

Reflected cylindrical waves of m-th order, RWm, are employed as basis functions of
the scattered-reflected field Vsr:

RWm(ξ, ζ) =
1

2π

∫ +∞

−∞
Γ0(n||)Fm(ξ, n||)e

in||ζ dn|| (5)

If we consider N conducting scatterers in the layout of Figure 1, the unknown scattered
fields are obtained by imposing the boundary conditions at the cylinders’ interface, for TMy

and TEy polarizations, respectively:

[Vi + Vr + Vs + Vsr]ρp=k0αp
= 0, with p = 1, ..., N

∂
∂ρp

[Vi + Vr + Vs + Vsr]ρp=k0αp
= 0, with p = 1, ..., N

(6)

After some algebra, it is possible to derive a linear system in the unknown coefficients cqm:

∑N
q=1 ∑∞

m=−∞ Aqp(TM,TE)
ml cqm = Bp(TM,TE)

l

with l = 0,±1, ...,±∞

p = 1, ..., N

(7)

where the coefficients Aqp(TM,TE)
ml and Bp(TM,TE)

l have the following expression:

Aqp(TM,TE)
ml = ile−ilφi GTM,TE

l (ρp)m−1(ξqp, ζqp)

×(1 − δqp) +
δqpδlm

G(TM,TE)
l (ρp)

+RWm+l(χp + χq, ηp − ηq)

(8)

and
Bp(TM,TE)

l = −ileini
||ηp G(TM,TE)

l

×eini
⊥χp e−imφi + Γ01(ni

||)

×e−ini
⊥χp e−imφr

(9)

where φi is the incident angle, φr = π − φi, G(TM)
l (x) = Jl(x)/H(1)(x)

l and

G(TE)
l (x) = J′l (x)/H′(1)(x)

l .
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For the applications addressed in this paper, we are interested in calculating the transmit-
ted field within the multilayer. It is possible to obtain the field in the j-th medium (j = 1, ..., M)
through an expansion into cylindrical TM waves, which have the following expression:

TWp(ξ, ζ) =
1

2π

∫ +∞

−∞

[
am+1ein⊥m+1(ξ−∆m+1)

]
+ bm+1e−in⊥m+1(ξ−∆m+1)Fp(ξ, n||e

in||ξdn||) (10)

with m = 1, 2, ..., N and ∆M+1 = ∆M.
The amplitudes of the transmitted and reflected waves in each medium, am+1 and

bm+1, are calculated using the approach presented in [12], that gives the interaction of a
plane wave with a multilayer.

The analytical approach is implemented in a numerical code. The numerical computa-
tion of the spectral integrals associated with cylindrical functions is conducted in Matlab,
implementing a truncation on the order p of the cylindrical waves through a criterion
grounded on the characteristics of the Hankel functions [17]. The integrals are solved in
Matlab, using the function integral that performs global adaptive quadrature [18]. The ab-
solute tolerance is set to 10−5, considering an impinging wave of normalized amplitude.
The infinite series are truncated between −Mt and Mt with the rule Mt = ⌊3αMAX⌋, where
αMAX is the normalized radius of the largest cylinder [17].

3. Numerical Results
3.1. Dielectric Scatterers

In this subsection, the possibility of realizing a dielectric layer to increase transmis-
sion within biological tissues is investigated, evaluating both a continuous layer and its
discretization/approximation by means of circular dielectric cylinders. Compared to the
continuous case, it is evaluated that the use of circular cylinders rather than a single dielec-
tric layer presents an improvement in transmission, as will be demonstrated in subsequent
case studies.

3.1.1. Case A: Layout with an Implanted Antenna

As a first case study, we analyze the configuration shown in Figure 2. N circular
dielectric scatterers are placed above a multilayered medium modeling a d1-thick layer
of skin, a d2-thick layer of fat, a d3-thick layer of muscle, a d4-thick layer simulating a
generic antenna substrate, and a semi-infinite medium of muscle. We are, in fact, interested
in analyzing the electromagnetic transmission to an implantable antenna. The dielectric
parameters of the layers at the frequency of interest [19–21] are summarized in Table 1.

Figure 2. Geometry of the scattering problem in a WPT system.
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Table 1. Dielectric parameters of the layers at f = 2.45 GHz.

Layers ϵr tgδ

skin 38 0.28

fat 5.28 0.14

muscle 52.79 0.24

antenna’s substrate 11.7 0

The analytical approach for the case of dielectric cylinders has been validated in [12].
Here, we conducted a preliminary study using the commercial electromagnetic simu-

lator CST Microwave Studio to investigate and optimize the case where a periodic array of
cylindrical scatterers lies on a multilayer structure. The cylinders have dielectric constant
εr = 10. The unit cell is simulated to study the reflection coefficient in the case of TM
polarization (incident electric field directed along the cylinder axis) and TE polarization
(magnetic field directed along the cylinder axis). The thicknesses of the layers are assumed
as follows: d1 = 0.8 mm, d2 = 3 mm, d3 = 10 mm, and d4 = 2 mm. Figure 3a shows the
reflection coefficient as a function of the scatterer diameter for both polarizations. The ana-
lyzed unit cell is shown in the insert. The reflection coefficient in the case where the scatterer
has a rectangular shape (continuous case) is shown in Figure 3b for TM and TE polarization.
It can be seen that a better transmission is obtained in the case of the circular scatterer.

Figure 3. Reflection coefficient for TM and TE polarization for: (a) cylindrical scatterer and (b) unit
cell with rectangular scatterer (continuous case).

Therefore, the following cases will use this single configuration with circular cross-
section cylinders on which parametric analyses were performed by varying the number of
cylinders, radii, and cylinder spacing (center to center gap).

As a second step, a finite number of cylindrical scatterers is considered, as shown
in Figure 4, where N = 3 dielectric cylinders of radius r0, r1, r2 and spaced by a gap
are positioned above the multilayer with the same configuration illustrated in Figure 2.
Figure 5a shows the magnitude of the electric field evaluated at x = 13.8 mm as the radius
of the scatterers changes and for several gap configurations obtained with the present
analytical approach. It can be observed that the maximum electric field value is obtained
for the ‘no gap configuration’. For this configuration, the horizontal electric field profile
along the z-direction at x = 13.8 mm is shown in Figure 5b for several radius values.
An intensification around 6 dB is observed in the case where the cylinders have radius
r = 5 mm. This is also clearly visible in Figure 6, where the electric field map is shown in
(a) and the vertical field profile along the entire multilayer is shown in (b). At the interface
between the muscle and the antenna substrate, the intensification is evident.
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Figure 4. Configuration with N = 3 dielectric cylindrical scatterers of radius r0, r1, and r2 and spaced
by a gap. The thicknesses of the layers are: d1 = 0.8 mm, d2 = 3 mm, d3 = 10 mm, d4 = 2 mm.

Figure 5. (a) Magnitude of the electric field evaluated at x = 13.8 mm as the radius of the scatterer
varies and for different gap values; (b) Horizontal profile of the electric field along z at x = 13.8 mm
for several radius values.

Figure 6. (a) Electric field map (b) Vertical profile of the electric field along the multilayer structure.
Comparison between the case where scatterers are present and the case where they are absent.
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Configurations with an increased number of scatterers are considered as illustrated in
Figure 7, where the comparison between the case where scatterers are present and the case
where they are absent is presented. In particular, in Figure 7b–d, the horizontal profile of
the electric field at x = 13.8 mm is shown. In the case where the number of scatterers is
N = 10, two peaks of the electric field are observed, while in the case where N = 15, we
observe three different peaks.

Figure 7. Configurations in which an increased number of cylindrical scatterers are considered:
(a) N = 10, (c) N = 15. (b,d) show the horizontal profile of the electric field at x = 13.8 mm, for the
two configurations, respectively.

3.1.2. Case B: Layout with Tumor Inclusion

As a second case study, we analyze the configuration shown in Figures 8–11. N circular
dielectric scatterers, with equal radii, are placed above a multilayered medium modeling
a d1-thick layer of skin, a d2-thick layer of fat, a d3-thick layer of muscle, a h-thick layer
simulating a tumor inclusion, and a semi-infinite medium of muscle. The tumor tissue has
a dielectric constant of εr = 50 and a tgδ = 0.1 at f = 2.45 GHz [22]. A TM polarization
of the incident field is considered. Figure 9 shows the vertical profile of the electric field,
in the presence or absence of the cylindrical scatterers, along the multilayer in the middle
of the structure. The horizontal profile of the electric field at x = 5 mm, just above the
tumor inclusion, is shown in Figure 10a, while the modal configuration of the electric field
is shown in Figure 10b. In Figure 11, a configuration with a reduced number of cylinders,
in particular N = 3, is considered. Figure 12 shows the vertical profile of the electric field
along the structure. Comparison between the case where scatterers are present and the case
where they are absent is shown. The horizontal profile, where the intensification obtained
can be observed, is shown in Figure 13a. Figure 13b shows the electric field map at the
frequency of interest.
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Figure 8. Configuration with N = 5 dielectric cylinders (εr = 10), with the same radii (r0 = r1 =

r2 = r3 = r4 = 9 mm), positioned above a layer of skin, fat, muscle, and a layer mimicking a tumor
inclusion (of thickness h = 6 mm).

Figure 9. Vertical profile of the electric field along the multilayer structure. Comparison between the
case where scatterers are present and the case where they are absent for the configuration of Figure 8.

Figure 10. (a) Horizontal profile of the electric field at x = 5 mm for the configuration of Figure 8;
(b) Electric field map at f = 2.45 GHz.
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Figure 11. Configuration with N = 3 dielectric cylinders (εr = 10), with the same radii (r0 = r1 =

r2 = 9 mm), positioned above a layer of skin, fat, muscle, and a layer mimicking a tumoral inclusion
(of thickness h = 6 mm).

Figure 12. Vertical profile of the electric field along the multilayer structure. Comparison between the
case where scatterers are present and the case where they are absent for the configuration of Figure 11.

Figure 13. (a) Horizontal profile of the electric field at x = 5 mm for the configuration of Figure 11;
(b) Electric field map at f = 2.45 GHz.

3.2. Conducting Scatterers

In this subsection, we investigate the possibility of using conducting cylinders, again
with the aim of intensifying electromagnetic transmission to a possible implantable or
wearable antenna. For conductors, wires must be considered here to allow transmission at
least in a polarized state. Their use has been considered either by placing an adapter layer
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underneath the array (‘Case C’) or considered isolated (‘Case D’). Compared to the case of
dielectric cylinders, the intensification is obtained only in the TE case.

First, a validation of the analytical method presented in Section 2 is shown, either for the
case of a single conducting cylinder positioned above a multilayer consisting of skin (thickness
0.8 mm), fat (thickness 20 mm), and muscle and a case of N = 2 cylinders. TE polarization
is considered for both cases. The incident plane wave has an amplitude of |H| = 1 A/m,
and normally impinges on the interface. Specifically, in Figure 14a, the horizontal profile
of the magnetic field at x = 21.8 mm is shown for the case of a single cylinder of radius
30 mm. The distance from the edge of the cylinder to the surface of the skin is 5 mm and it
is positioned in z = 0. Figure 14b shows the vertical profile of the magnetic field along the
multilayer structure at the centre of symmetry (z = 0). A case of scattering by N = 2 cylinders
above the multilayer is simulated, with cylinders of equal radii of 30 mm, and aligned
horizontally in x = 5 mm, with distance between centers of 100 mm. The horizontal profile
of the magnetic field at x = 21.8 mm is shown in Figure 15a. Figure 15b shows the vertical
profile of the magnetic field along the multilayer. The results obtained with our analytical
method are compared with those simulated with the commercial electromagnetic simulator
CST Microwave Studio, showing a good agreement. In our method, the domain is unlimited,
whereas with CST, we consider a finite domain in x and z enclosed by a PML (Perfect
Matching Layer)-type boundary. In the truncation of the numerical implementation of the
CWA, Mt = 5 in (7) was considered in both cases.

Figure 14. Comparison between the analytical method CWA and CST: (a) Horizontal profile of the magnetic
field at a depth of x = 1 mm; (b) vertical profile of the magnetic field along the multilayer, z = 0 mm.

Figure 15. Comparison between the analytical method CWA and CST: (a) Horizontal profile of the magnetic
field at a depth of x = 1 mm; (b) vertical profile of the magnetic field along the multilayer, z = 0 mm.

3.2.1. Case C: Layout with Conducting Cylinders and a Matching Layer

A different case is considered for N metallic cylinders (perfectly electric conductor,
PEC) placed above the multilayer shown in Figure 16. A textile layer of thickness d1, a skin
layer of thickness d2 and a fat layer of thickness d3 are considered. A receiving antenna is
assumed to be positioned in the middle of the skin layer.
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Figure 16. N metallic cylinders (perfectly electric conductor, PEC) placed above the multilayer.

Also in this case, as described in Section 3.1 for the dielectric scatterers, we conducted
a preliminary study to optimize a periodic array of PEC scatterers whose unit cell is shown
in Figure 17a. The unit cell consists of a layer, for now called a ‘matching layer’, of thickness
d1 = 12.6 mm and dielectric constant εr, a layer of skin (d2 = 0.8 mm), a layer of fat
(d2 = 20 mm), and a semi-infinite layer of muscle. Figure 17b shows a parametric study on
the dielectric constant of the matching layer between the scatterers and the skin. Around the
frequency of f = 2.45 GHz, the best solution is obtained for a dielectric constant of εr = 6.
Therefore, considering this permittivity value, in Figure 18a, the reflection coefficient of the
analyzed unit cell is reported in the case where both the scatterer and the matching layer
are present and in the case where both are absent. Figure 18b shows the vertical profile of
the electric field along the multilayer. At the interface between skin and fat, we observe an
intensification of 3.3 dB.

Figure 17. (a) Unit cell with PEC scatterer placed above the multilayer; (b) Reflection coefficient as a
function of the dielectric constant of the matching layer.
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Subsequently, the case with a finite number N of conducting cylinders, shown in
Figure 19, was analyzed. N conductor cylinders lie on the same multilayer configuration
shown in Figure 17a. Figure 19b shows the horizontal profile of the electric field in the
middle of the skin layer evaluated for N = 7, 15, 23, 29 scatterers.

Figure 18. Reflection coefficient of the unit cell. (a) Comparison between no scatterer + no layer
and scatterer + layer configurations; (b) Vertical profile of the electric field along the multilayer at
f = 2.45 GHz.

Figure 19. (a) Configuration with N conducting cylindrical scatterers; (b) Horizontal profile of the
electric field in the middle of the skin layer at f = 2.45 GHz, for N = 7, 15, 23, 29.

3.2.2. Case D: Layout with Conducting Cylinders without a Matching Layer

As a final study, a configuration with N = 7 conducting cylindrical scatterers is
considered. They are placed above a layer of cotton with dielectric constant εr = 1.7, skin,
fat, and muscle. The thicknesses are d1 = 2 mm, d2 = 0.8 mm, d3 = 3 mm (Figure 20).
The permittivity values are the same as those used in previous cases. The outer cylinders
have radius r = 10 mm and the inner one has a radius of r = 2 mm. In this case, we
are interested in observing what happens in mid-cotton, where, for example, a wearable
antenna could be placed. Figure 21a shows the horizontal profile of the magnetic field
in the middle of the cotton layer in the case where the scatterers are present and absent.
Figure 21b shows the vertical profile of the magnetic field along the multilayer. Also, in
this case, an intensification of 3 dB is observed.
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Figure 20. Configuration with N = 7 conducting cylindrical scatterers placed above a layer of cotton
(εr = 1.7), skin, fat, and muscle (d1 = 2 mm, d2 = 0.8 mm, d3 = 3 mm). Outer cylinders have radius
r = 10 mm; the inner one has a radius of r = 2 mm.

Figure 21. (a) Horizontal profile of the magnetic field in the middle of the cotton layer; (b) Horizontal
profile of the electric field in the middle of the skin layer at f = 2.45 GHz.

Dielectric or conducting scatterers can then be strategically arranged to create a match-
ing structure that enhances the electromagnetic field in regions beneath them. Dielectric
cylinders, which are insulating materials, can be custom-designed to create an array that
effectively acts as a lens, focusing and intensifying the electromagnetic field in the desired
region beneath the layer. Conducting cylinders, on the other hand, can reflect and guide
electromagnetic waves due to their high conductivity. When these cylinders are organized
in a specific configuration, they can create constructive interference patterns that increase
the field under the matching layer. Both approaches rely on the careful design and arrange-
ment of cylinders to achieve the desired field intensification. This effect is dependent on
the polarization of the incident field.

4. Conclusions

The advent of Wireless Power Transfer (WPT) systems has initiated a transformative
phase for wearable and implantable technologies, unlocking possibilities for advanced
device functionalities. To optimize these innovations, enhancing electromagnetic transmis-
sion stands as a critical factor. This study introduces a range of solutions aimed at elevating
electromagnetic transmission to wearable and implantable devices. Notably, it addresses
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the intricate challenge of electromagnetic scattering caused by an array of dielectric or con-
ducting cylinders positioned over a multilayer medium. These simulated scatterers emulate
everyday items, such as necklaces, bracelets, or seamlessly integrated textile components,
potentially worn by patients. Employing an analytical approach, the study achieves the
exact solution for the scattered field by these cylinders within each medium, utilizing
expansions into cylindrical waves expressed through plane-wave spectra. The multilayer
model, designed to represent biological tissues, provides a comprehensive framework
for analysis. Numerical outcomes, encompassing both conducting and dielectric cylin-
drical scatterers operating at the Industrial, Scientific, and Medical (ISM) band frequency
of 2.45 GHz, offer valuable insights into the practical implementation of these findings.
The method presented can be useful also for complementary cases in which a protection
against excessive field intensities inside human tissues should be considered. This will be
considered in a forthcoming paper.
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