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Abstract - Step response method is a method for
detection of foreign metal objects in the proximity of the
transmitter coil in WPT system. It is based on a
measurement of the resonant frequency of the transmitter’s
LC tank. As such, it can be used on the fly, while the
wireless power transfer takes place, and it should have low
impact on WPT system performance. This paper discusses
drawbacks of the step response method with respect to
required modifications of the transmitter and receiver
circuits, and also the impact it has on the DC power supply
through increased inrush currents. The discussion is
verified through measurements on the built prototype with
implemented step response method.
Keywords - detection method; foreign metal object;
wireless power transfer

I.

INTRODUCTION

In inductive wireless power transfer (WPT) systems,
energy is transmitted through magnetic field. Transmitter
circuit generates alternating magnetic field around the
transmitter coil. Receiver coil picks up a part of the
magnetic flux and uses it to power a receiver circuit.
Potential problem in such systems is presence of metal
objects in magnetic field of the transmitter, which leads to
heating, lower efficiency and higher losses.

This paper analyses the implementation of step
response method in a WPT system and focuses on the
drawbacks that is has on the system performance. Section
two describes implementation details, i.e. the required
modifications of the transmitter circuit. Section three
discussed the measurement result on the prototype circuit.
At the end of the paper conclusion and references are
given.
II.

IMPLEMENTATION

Step response method is performed in two steps. First,
a low value DC current (approx. 100 mA) is fed to the
transmitter resonant tank for a short time interval (10 to
100 µs). Second, DC current source is then disconnected
and the oscillation frequency of the resonant tank is
measured [14].
The transmitter circuit of the WPT system that is
discussed in this paper is based on a current-mode class-D
amplifier. Mosfet switches (M1 and M2 in Fig. 1) in classD amplifier are controlled with counter-phase signal. Fig.
1 shows a simple approach how to drive mosfets M1 and
M2. It uses a square signal waveform generator and an
inverter. To implement step response method, some
modifications are required.

There are different methods for foreign metal object
detection in WPT systems. Methods are application
oriented, so in WPT systems designed for vehicle
charging [1-5], thermal cameras are mostly used [6-7]. In
WPT systems with lower output power, foreign object
detection methods are commonly based on using
additional detection coils [8-13].
In multi-user WPT system, due to the large size of the
transmitter coil, it is not convenient to use additional
auxiliary detection coils. With that in mind, step response
method for foreign metal object detection is presented in
paper [14]. The method does not require additional
detection coils and it is based on resonant frequency
measurement of the transmitter’s LC circuit. As such, the
method can be used to detect foreign metal object in the
proximity of the transmitter coil during normal operation
of WPT system.
This work has been supported in part by Croatian Science
Foundation under the project “Efficient Wireless Power Supply” (UIP2017-05-5373).
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Figure 1. Current-mode class-D amplifier used in WPT transmitter
circuit
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a) idle

Figure 2. Modified current-mode class-D amplifier for step response
method implementation

Two additional switches (S1 and S2) had to be added
to the circuit topology, Fig. 2. Switch S1 enables
disconnection of the main power supply during detection,
and switch S2 separates ADC from the LC resonant tank
during normal WPT operation. To control additional
switches with more complex clock signals (compared to
basic class-D amplifier) a microcontroller is used which
also acts as a ADC unit.

b) metal

The main idea behind step response method is to be
able to detect a foreign metal object during normal
operation, i.e. while at least one receiver circuit is active.
III.

MEASUREMENTS

Prototype of the modified current-mode class-D
amplifier is built and implemented in the WPT system. To
evaluate system performance, measurement setup shown
in Fig. 3. is used.
Class-D amplifier which drives the transmitters LC
tank is controlled by two counter-phase signal connected
to the gates of mosfets M1 and M2. They determine the
operating frequency. To measure the self-oscillating
frequency of transmitter’s LC tank, both mosfets (M1 and
M2) must be turned off. After the mosfets are turned off,
the voltage amplitude across LC tank gradually decreases
due to the energy stored within resonant tank. The damped
oscillations can be observed for up to 1ms after the mosfet
switches are turned off, Fig. 4.

Current analyzer
Receiver

Oscilloscope

Power supply

Metal plate

TX LC tank Class-D amplifier

c) receiver

Control signal

d) metal and receiver
Figure 3. Measurement setup
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Figure 4. Damped oscillation response of the transmitter’s LC tank
(pink), mosfet drive signal (blue), control signal (yellow)
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Four test cases were measured: test case 1 is
transmitter in idle (without receiver and without metal
plate which acts as a foreign metal object); test case 2 is
transmitter with one metal plate (without receiver); test
case 3 is transmitter with active receiver (without metal
plate); test case 4 is transmitter with both metal plate and
receiver. The presence of a metal object increases losses,
and decreases duration of the damped oscillations. With
active receiver placed on the transmitter coil, damped
oscillations also have amplitude-modulated behavior due
to slight frequency mismatch between transmitter’s and
receiver’s resonant tank.
Fig. 5 shows the frequency values of damped
oscillations measured in discrete time steps from the
moment at which mosfets were turned off. The frequency
measurement is based on time measurement of oscillation
period. For test cases without active receiver (idle; metal
plate) the oscillation frequency in all measured time steps
can be used to detect presence of metal object. Namely,
the oscillation frequency when metal object is present is
higher than oscillation frequency for idle mode. On the
other hand, when the active receiver circuit is present
(grey and yellow trace), the frequency of damped
oscillations cannot be used to detect metal object.
This is consistent with the findings in [14], where is
stated that after the DC current pulse is fed to the
transmitter LC tank, the oscillation frequency changes
with time when the receiver circuit is present. This is due
to the energy stored in receiver’s LC tank. To be able to
use step response method for metal object detection, there
should be no energy stored in receiver’s LC tank. One
way to achieve that is to keep the WPT system turned off
for a time interval long enough so that the amplitude of
damped oscillations (Fig. 4) drops down to almost zero.
For our setup, with operating frequency of 150 kHz and
transmitter’s LC tank quality factor of 150, the required
duration of time interval is around 1 ms.
Since the WPT system must be turned off for a 1 ms in
order to use step response method, presence of foreign
metal objects cannot be monitored constantly, but rather
periodically. Monitoring intervals between 1 and 10
seconds should be considered. After the detection
sequence is performed, transmitter’s LC tank (and
receiver’s if one is present) have no stored energy. This
causes inrush current in transmitter circuit once the WPT
system has completed foreign metal object detection

sequence and it returns to normal operating mode, Fig. 6.
Inrush current is more pronounced when foreign metal
object and active receiver circuit are present. Compared to
steady state current, inrush current is up to 5 times higher.

a) idle

b) metal

c) receiver

d) metal and receiver
Figure 5. Frequency of damped oscillations
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Figure 6. Inrush current after step response method detection
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IV.

CONCLUSION

Using step response method for foreign metal object
detection in WPT system can be done without significant
modifications of the transmitter circuit. Also, the method
does not require using additional auxiliary detection coils.
It is simple to implement and has high accuracy.
But, the method has some significant drawbacks that
were discussed in the paper. To have accurate detection,
prior to using step response method, there should be no
energy stored in receiver’s LC tank. This is done by
turning off transmitter circuit for a time interval of
approximately 1 ms. This necessity leads to three main
problems which arise when using step response method.
First, the monitoring cannot be continuous. Step
response method can only be used periodically. While the
method can be applied each second or even every 100 ms,
which is more than sufficient, it still remains a periodical
“on demand” detection.
Second, after each detection sequence, the energy in
transmitter’s LC tank has to be restored. This causes large
inrush current values. As mentioned before, the detection
can be used fairly often, but then the inrush current events
are more frequent as well.
Third, using step response method should have no
impact on the receiver operation. Namely, while the
detection sequence is carried out, the receiver should
continue to function as during normal operation of WPT
system. The problem is that there is a 1 ms time interval
prior to detection. During this “dead time”, no energy is
transferred from the transmitter to the receiver. Duration
of “dead time” takes more than 100 periods of operating
frequency. This has a huge impact on the capacitor in the
receiver’s rectifier circuit. To keep the receiver circuit
operational during “dead time”, the value of the
smoothing capacitor has to be increased more than
hundredfold.
With these inherent drawbacks, it is very challenging
to implement step response method in WPT systems
which are continuously powering receiver circuits with
power levels exceeding few watts. Nevertheless, the
method offers high accuracy and simple implementation.
As such, it is suitable for continuously power systems
with ultra-low power receivers. Also, it is suitable for
higher power WPT systems with short active periods,
where the step response method can be used before each
operating cycle.
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