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Abstract

Generating a given field intensity distribution in a non ho-
mogeneous scenario is a problem of interest in many ap-
plications. Due to the challenging nature of the problem,
very few approaches have been presented so far, and none
of them has fully addressed all the pertaining issues yet.
In this communication we present an innovative and rela-
tively simple shaping approach that relies on an optimized
version of the well know time reversal method, named Op-
timized multi target Time Reversal. To appraise the perfor-
mances of the proposed approach, a numerical assessment
and a comparison with a recent and related shaping proce-
dure available in the literature is reported.

1 Introduction

Shaping the intensity of a field into an inhomogeneous me-
dia represents a problem of interest from both the theoreti-
cal and the applicative point of view. It is, indeed, a crucial
necessity in many applications as different as medical treat-
ments [1, 2] and near field focusing (e.g. RFID [3]). In this
framework, several approaches able to focus a wavefield in
a target point have been presented, e.g. optimal constrained
power focusing [2], Time Reversal (TR) [4] and inverse fil-
ter, [5].

On the other hand, in a number of cases, a wiser field dis-
tribution is needed so that a sharp loco-regional control of
the spatial field intensity distribution comes to be necessary.
This is, for instance, the case of microwave hyperthermia
when it comes to deal with late stage tumors, which are gen-
erally extended and with irregular contours. In such a case,
it is necessary to properly shape field intensity ensuring a
uniform coverage of the focal area and avoiding undesired
effects (say hot-spot) elsewhere. Notably, very few shap-
ing approaches have been presented in literature, possibly
due to the fact that shaping a wavefield, rather than (just)
focusing it, is a very challenging task.

To tackle such a problem, a very simple idea amounts to
add the contributes gathered by solving, through TR, sev-
eral focusing problems into different target points placed
within the focal area, [6]. Being based on TR, such multi
target Time Reversal (mtTR) shaping procedure cannot be

able to have a sharp control of the side lobe level amplitude,
whereas it allows (at least in principle) a certain control on
the field intensity through a proper choice of the distance
among the target points. From the implementative view,
mtTR is very simple, as it just requires to solve a number of
focusing problems by locating a unit-excited point source
in correspondence of the target points. Then, the excita-
tions corresponding to the different (single target) focusing
problems are simply added.

Starting from the above mentioned mtTR, and noticing that
it corresponds to have in-phase focused fields in the differ-
ent control points, we have developed an innovative shap-
ing procedure that keeps essentially unaltered the compu-
tational complexity of the overall approach, while signif-
icantly improving performances. The basic idea is that
one can combine the bricks of the above described mtTR
procedure (i.e., fields and excitations of the single target
problems) in a different fashion. In particular, considering
by the sake of simplicity scalar fields, the proposed proce-
dure exploits different phase shifts amongst the excitations
of the single target problems before superposition. More
precisely, the proposed Optimized multi target Time Rever-
sal (OmtTR) approach casts the problem as an enumerative
sweep amongst all the possible phase shift configurations,
in order to find the one leading to the optimal field intensity
distribution.

The paper is organized as follows. The formulation of both
mtTR and OmtTR strategy is given in Sect. II. A numerical
validation of the proposed OmtTR as compared to mtTR is
reported in Sect. III. Finally, in Sect. IV conclusions and
final remarks follow.

Note that, in this preliminary analysis, the shaping of a
scalar field has been considered. This is the case that is
faced, for instances, both in case of ultrasonic waves in hu-
man tissues as well as when one component of a generic
vector field is dominant with respect to the others.

Finally, let us note that all these aforementioned techniques,
as well as the one proposed in what follows, tackle the prob-
lem by properly designing the complex excitations of an
array of fixed geometry, and monochromatic fields are con-
sidered throughout.
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Figure 1. Shaped field intensity by means of mtTR and OmtTR for the configuration I [II]. (a) [(d)] Relative permittivity profile
with the target area (while plain line) and control points (black crosses). (b) and (c) [(e) and (f)] are the squared amplitude,∣∣U(r)

∣∣2, of the shaped field respectively by mean of mTR and OmtTR.

2 Optimized mtTR Shaping Approach

Let Ω be a region of interest surrounded by N elementary
monochromatic electric sources. Indicating with Φn(r) the
total scalar field induced by the unitary excited n-th antenna
in Ω when all the other antennas are not active, it is possible
to indicate the overall field in a generic point of Ω as:

U(r) =
N

∑
n=1

InΦn(r) (1)

where In(n = 1,2, ...,N) is the set of complex excitation
coefficients.

Let us define a set of “control points", say rt i i = 1, ...,L,
located into the chosen target area. According to the stan-
dard TR theory, the field corresponding to focusing in rt i is
given by:

Ui(r) =
N

∑
n=1

Ψ
∗
n(rt i)Φn(r) (2)

where Ψn(rt i) is the total field measured by the n-th an-
tenna when a unit amplitude point source is located into the
target point rt i and ∗ denotes the conjugation operation.

A basic multi target version of TR would be given by a lin-
ear sum of the excitations corresponding to different control
points, so that:

U(r) =
N

∑
n=1

L

∑
i=1

Ψ
∗
n(rt i)Φn(r) (3)

A simple improvement of the above mtTR can be given
as follows. By the sake of simplicity, let us refer to the

case of just two target points and let us consider φ ∈ [0,2π],
as an auxiliary variable indicating the phase shift between
rt 1 and rt 2. For each (sampled) value of φ , the OmtTR
approach casts the shaping problem as the combination,
through complex unit amplitude coefficients, of the fields
focused, through TR, in correspondence of rt 1 and rt 2.
Then, the new excitations coefficients are given by:

In = Ψ
∗
n(rt 1)+Ψ

∗
n(rt 2)e

jφ (4)

where φ is a degree of freedom of the procedure.

Then, some optimal solution is obtained by observing a-
posteriori the results achieved with different φ and choosing
the most convenient one according to some criterion1.

3 Numerical Feasibility Assessment

Fig. 1.(a) and (d) depict respectively the two scenarios used
for the numerical assessment. By sake of simplicity, we
refer here to the 2D scalar (i.e. TM) case2. Both sce-
narios consists of two dielectric objects (a square and a
circle) hosted in a background medium into a squared re-
gion of interest, i.e. Ω, of side l ≈ 2λbg

3. The square has
εs ≈ 2 and σs ≈ 0.2S/m, whereas, the circle has εc ≈ 3
and σc ≈ 0.3S/m. In order to deal with a more com-
plex environment the background medium has εbg = 1 and
σbg = 10−3S/m.

1Generalization to the case of L control points and M sampled values
of the auxiliary variables will require ML−1 linear superpositions.

2Notably extension to the 3D case vector case would require merging
the above approach with the one in [7]

3Being λbg the wavelength in the background medium



Table 1. SLL and CF for related to configuration I and II
respectively for mtTR and OmtTR.

mtTR OmtTR

I SLL 60% 69%
CF 47% 88%

II SLL 64% 62%
CF 41% 86%

The antenna array is an circular array of radius r ≈ 3λbg
made up by 19 point sources unitary-excited, where the
number of transmitters has been set accordingly to the the-
ory of the degrees of freedom of radiated fields, [8, 9] and
the working frequency of 1,5GHz.

To test the reliability of the proposed approach, in this
study an extended elliptical shaped target area, of axes
≈ 3λbg/4× λbg/4, has been placed in two different posi-
tions ∈Ω, as showed in Fig.s 1.(a) and (d), (configurations
I and II in what follows).

Figures 1.(b) and (c) show, for configuration I, the squared
amplitude of the field intensity distribution obtained respec-
tively by means of mtTR and OmtTR exploiting 3 con-
trol points evenly spaced into the target area. Analogously,
Fig.s 1.(e) and (f) for the configuration II.

In addition to what can be visually appreciated from Fig. 1,
a quantitative comparison between these techniques has
been performed using two parameters: the maximum side
lobe level (SLL) intensity outside the target area and the
Coverage Factor (CF) defined as the fraction of the target
area in which

∣∣U(r)
∣∣2 is higher than 50% of its maximum

value. In Tab. 1 the SLL and the CF values reported for
both mtTR and OmtTR, respectively for both configura-
tions, confirm the effectiveness of the proposed approach.
As it can be seen, while being essentially equivalent to
mtTR as far as the SLL is concerned, OmtTR performs
much better in terms of CF.

4 Conclusions and Future Development

In this communication, we have presented an innovative
method to spatially shape the intensity of a (scalar) field
in a complex (inhomogeneous) scenario. The proposed ap-
proach relies both on the use of a set of control points placed
into the target area and on the well-known TR technique.
The innovative feature of the proposed approach is the ex-
ploitation of some usually neglected free parameters which
allow considerable improvements with respect to existing
techniques.

Matter of future development will be a robust assessment of
these preliminary results and its extension to the 3D vector
case.
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