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Abstract—This paper proposes a method of detecting lateral
misalignment and foreign objects in a resonant capacitive power
transfer (RCPT) system. Foreign object detection (FOD) under
misalignment is also considered. The method considers the
admittance matrices associated with a practical RCPT link
and leverages voltage measurements on the transmit-side for
detection. To support this work, a 13.56 MHz RCPT link in-
corporating a six-plate structure was designed and built for
electric vehicle charging applications. A matching simulation
model was created and, when evaluating FOD, metallic and
tissue-simulating foreign objects were added. Simulations, val-
idated by measurements, show that a lateral misalignment of
up to 170mm can be identified, including the direction of
misalignment. FOD simulations indicate a detection range of up
to 380 mm, also including direction. Further simulations indicate
that the detection range surpasses the distance at which the basic
restrictions for electromagnetic field exposure would be exceeded.
Additionally, simulation results show that foreign objects can be
detected under misalignment. Thus, both lateral misalignment
detection and FOD can be achieved without the use of external
sensors. This work can help to advance the safety features of
RCPT at minimal cost for important applications such as electric
vehicle charging and electrified roadways.

Index Terms—wireless power transfer (WPT), resonant ca-
pacitive power transfer (RCPT), misalignment detection, foreign
object detection (FOD), electric vehicle (EV) charging.

I. INTRODUCTION

Wireless power transfer (WPT) is becoming increasingly
popular for low-power applications such as mobile device
charging and biomedical implants [1, 2], as well as high-
power applications such as electric vehicle (EV) and remotely
piloted aircraft charging [2—4]. Near-field WPT can be broadly
divided into inductive power transfer (IPT), which is predomi-
nantly based on magnetic-field coupling, and capacitive power
transfer (CPT), which is predominantly based on electric-field
coupling [5, 6]. Most research and development efforts have
focused on IPT [4, 5], with organizations such as the Wireless
Power Consortium and the AirFuel Alliance developing IPT
standards and technologies [4]. However, interest in CPT is
growing due to key advantages such as reduced heating in
nearby metals, ease of shielding, and lower cost as expensive
ferrites and Litz wire are not required [3, 5-8]. Another benefit
of CPT is that larger air gaps can be overcome as higher
frequencies are used [9, 10]. These advantages make CPT
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attractive for electrified roadways, i.e., long stretches of road
with embedded WPT transmitters for dynamically charging
EVs [11]. Resonant Capacitive Power Transfer (RCPT) is
created when resonance is applied to both sides of the wireless
link [5, 12]. This is of interest when the coupling is low due
to external circumstances such as a large air gap between the
transmitter and the receiver.

A common challenge in WPT systems is misalignment [6,
8, 13-15], and several mitigation techniques have been pro-
posed [6, 13]. In addition to reduced coupling, a laterally
misaligned RCPT link will exhibit imbalances and harmful
common-mode currents [15]. In the context of electrified
roadways, lateral misalignment is an especially important
consideration as it can easily occur, e.g., as the EV drifts from
the centre of the lane.

Another challenge with WPT and RCPT is the presence of
foreign objects [6, 7] and the possibility of electromagnetic
field (EMF) exposure [16, 17]. High-power RCPT imple-
mentations, e.g., for EV charging, lead to high voltages and
electric fields (E-fields). Living tissue in close proximity to
the wireless link could be exposed to EMFs exceeding the
limits to prevent adverse health effects related to tissue heating,
commonly assessed in terms of specific energy absorption rate
(SAR) [1, 18]. Consequently, wireless EV charging systems
must be able to reliably detect foreign objects, particularly liv-
ing tissue, and power down to mitigate this risk. Many foreign
object detection (FOD) methods have been proposed for IPT,
both with and without the use of external sensors [19, 20].

This paper proposes leveraging the behaviour of RCPT for
both lateral misalignment detection and FOD without external
sensors where only voltages on the transmit side need to
be measured. The proposed detection method also yields the
direction of lateral misalignment, or which side the foreign
object is on. Results indicate that FOD and misalignment can
also be distinguished from one another. Section II elaborates
on the proposed method and the model, whereas Section III
introduces the RCPT link setup. Section IV presents the
simulation and measurements results, and Section V provides
a summary and outlines possible further research.
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