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Circuit Optimization for Underwater Power Transfer
Francisco Gonçalves∗ Cândido Duarte† Luı́s Pessoa‡

Abstract—Wireless power transfer (WPT) has started with
Nikola’s Tesla idea to provide the world with free wireless power.
The idea of transmitting wireless power is a hot research topic
and a well studied area. Throughout the years, commercial
devices using WPT have began to appear; electrical toothbrushes,
induction stoves, solar powered satellites and radio have been in
our quotidian for quite some time. Although they are highly avail-
able and researched, those techniques focus mainly in two main
transfer mechanisms: magnetic induction and in electromagnetic
radiation mode.

The author of this work proposes to develop an adaptive
underwater wireless power transfer system, as well as developing
and optimising underwater wireless power transfer by means of
a new circuit topology for multi resonant power transfer.

Index Terms—Underwater wireless power transfer, Power
transfer, Circuit optimisation, Adaptive voltage regulation

I. INTRODUCTION

W IRELESS power transfer (WPT) is the concept of
transferring power between a source and a load, with-

out wires, using time-varying electromagnetic fields [1]. WPT
as an idea has existed for over a century. It started in 1864
with Maxwell’s theoretical work on electromagnetic waves,
combining two other important scientific contributions [2],
i.e.: André-Marie Ampère’s discover that an electric current
produces an magnetic field; and the electromagnetic induction
unveiled by Michael Faraday. Later, Heinrich Hertz was chal-
lenged by his doctoral advisor, Hermann von Helmholtz, to
participate on a contest aiming at experimentally demonstrate
the Maxwell’s equations. Hertz showed the existence of elec-
tromagnetic waves moving at the speed of light, but only after
the contest expired [3, pp.95–106]. Finally, it was Nikola Tesla
who came with the concept of transferring wireless power [4].
Nikola Tesla’s first breakthroughs were mentioned in three
patents, two submitted in 1899 and issued in 1901 [5], [6], and
the third one published in 1905 [7]. His idea was to use the
Earth as a natural medium to transfer wireless power [7]. The
original concept was using stationary-waves generators, with
different wave lengths, spaced in a judicious way in order to
divide the Earth in electrical identical regions [7]. The people
at home would have a device tuned at one of those frequencies,
which would grant them electrical power [7]. The idea never
leaved scientist minds and has been researched ever since.

The exponential growth of electronic devices of the last
decades has led to a situation in which a normal person can
easily have five electronic devices in their bags, such as:
mobile phone, computer, tablet, smart watch and an iPod or
something similar. Charging several devices simultaneously
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requires an individual charger for each. With the use of WPT
one can reduce the charger count to only one, connected to
the power grid [8].

In the present work, the focus will be on WPT for au-
tonomous underwater vehicles (AUVs). This type of vehicles
is very important on today’s sea patrolling. Their common
routines include things such as: habitat monitoring, ocean
current measurement, wave height and wave velocity mea-
surements [9]. These task are done by traveling a considerable
amount of miles underwater while gathering, processing, and
sending data to either a control station or another AUV. To
replenish their power supplies, human intervention is required.
Being able to charge them autonomously by means of a power
dock is fundamental to the development and swiftness of these
operations [10], [11]. The rest of this artile is organised as
follows, section II describes an adaptive voltage regulation
mechanism, whereas section III shows a novel topology for
underwater wireless power transfera and the conclusion in
section IV.

II. AN ADAPTIVE SYSTEM FOR UNDERWATER WIRELESS
POWER TRANSFER

The proposed system aims at wireless powering devices in
the deep sea for monitoring purposes. To prevent excessive
losses due to the conductivity of salt water [12], low frequency
is adopted for operation, i.e. around 100 kHz. The series-series
driver topology is preferred due to its simplicity and to easier
a stable voltage at the secondary side [13]. Fig. 1(a) depicts a
conventional series-series class-D resonant driver. Signals vhs
and vls represent the driving signals of the high- and low-side
power MOSFETs. We proposed a voltage regulation algorithm
based on hill climbing, using the frequency as the control
variable. This implies a load range in which the regulated
voltage at RL,min occurs at nearly fo, although additional
limitations may arise in the practical implementation. This
optimization can compensate for deviations in the resonance
frequency in a given range. However, to change the frequency,
the driver has to be able to determine the output voltage,
whether it is within an acceptable regulation interval or not.
The input current can be used to optimize the operation of a
power stage [14]. To do so, we propose load modulation in
which the output voltage is compared to a reference (Vref ),
and takes two different actions if the voltage is above or below
a certain tolerance. As such, we provide short-circuits to the
load for a predefined time so that, at the primary side, abrupt
changes in the current drawn from the power source Vdd can
be sensed. Two fixed-time pulses (duration at “high” state of
50µs) are generated, spaced by 100 and 150µs in case of Vout
being above and below, respectively.
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Fig. 1. Series-series resonant driver topology with rectifier.

TABLE I
PERFORMANCE COMPARISON FOR RL = 10 Ω AND EQUAL VRRM .

topology power supply efficiency output power VRRM

series-series 10 V 71.21 % 11.98 W 40.23 V
series-parallel 17 V 68.10 % 15.51 W 40.22 V

proposed 14 V 75.65 % 17.58 W 40.24 V

III. MULTI-RESONANT APPROACH

A. Description
Since the square wave at the output of the inverter comprises

non-null odd harmonics, for the proposed circuit instead of
establishing resonance only at the fundamental frequency
f=f0, we will provide resonance at f=3f0 as well. This
brings the benefit of lowering the reverse peak voltage at the
rectifier diode and, as a consequence, it allows us to increase
the power supply at the inverter if there is still some margin
below the maximum voltage ratings of the transistors. We
will make use of low loaded quality-factor (Q) networks [15],
aiming at broadband matching to easier the finding a solution
for simultaneous resonance. Using a cascade L network, in
which we make the parallel reactance of the first L leg
coincident with the mutual inductance of our coupling coils.
The resistor R represents a “virtual resistor”, which will be
used as basic design parameter. Its value can be arbitrated in
a range limited by Rs and RL. If we consider Rs<R<RL

1.
Making successive series-parallel transformations the system
was analysed and designed. The full system design can be
seen in [16].

B. Results
All the simulations were performed with fixed power supply

(10 V) and fixed duty ratio (50%) for the switches. To better
infer about the voltage at the diode, the maximum repetitive
reverse voltage (VRRM ) was obtained for each operation
condition. We explored such a case with RL = 10 Ω. In
the proposed topology, we increased the power supply until
we achieved the same VRRM at the diode as in the series-
series topology shown in Fig. 1. The results are summarized
in Table I, indicating more power at the load for the same
voltage stress at the diode rectifier when using our topology.

IV. CONCLUSION

This work focused in UWPT systems to power the batteries
of an AUV. Since there are a lot of similarities between

1The other possibility RL < R < Rs is not addressed here because it
leads to a solution in which RL<1 Ω, i.e. in the order of the equivalent series
resistance of inductors, which can be reflected in a low power efficiency.

UWPT and WPT in the air, a crossover was made between
both approaches, the systems features and problems were
identified and studied. This thesis is within the Electrotechnical
Engineering area and therefore, the system was analysed and
developed with resource to electronic methods. After the
problem was analysed and characterised and its main problems
were identified the author started to work on the proposed
objectives given in the introduction. The first objective that
was worked on consisted in a wireless way for regulating the
load voltage in order to be constant. This was accomplished
and a solution was proposed and implemented. An algorithm,
for voltage regulation, was implemented into two µ controllers
from Infineon Technologies and when applied to an UWPT
system made from two coils with series-series compensation.
Then a solution to optimise UWPT by means of a different
topology or scheme was found, were a multi-resonance was
designed and thoroughly analysed. There the design method
is presented as well as a comparison with well documented
approaches in realising UWPT is presented.
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