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Abstract—This paper presents a concrete solution for flying a
lightweight drone completely without batteries. The drone can
float upon a transmitting coil indefinitely and prevents from
battery lifetime limitations, by exploiting a magnetic resonant
coupling for wireless power transfer. We used a DC-DC converter
to match the load impedance at the WPT. Finally, the overall
achieved maximum efficiency is 40% measured over different
distances.

Index Terms—magnetic resonant coupling, wireless power
transfer, DC-DC converter, UAVs, drone, batteryless

I. INTRODUCTION

Nowadays, drones and unmanned aerial vehicles (UAVs)
are gaining momentum and often utilized for several outdoor
and indoor applications. The most common scenarios are
related to hazardous environment monitoring and mapping. A
more challenging application uses UAVs as carriers for item
transportation. For such applications, the UAV usually follows
a repetitive flight path, and small-sized drones are preferred for
indoor missions. Nevertheless, the weight and size constraints
cause strict battery lifetime limitations, and short-lasting mis-
sions can be planned before battery replacement or recharging.
In this paper, we present a wireless power transfer system
designed to work around the limited onboard energy of UAVs.

Wireless power transfer (WPT) through the use of magnetic
resonant coupling is a well known and growing technology for
all portable devices, and several wireless systems are already
available on the market. They are usually implemented as a
battery charger for mobile phones, vehicles, and UAVs [1]. In
industrial applications [2], wireless power transfer technology
is used where a wired connection or a battery pack could be a
limitation in the operations. WPT is an attractive way to power
devices without a cable connection and has found application
even in the biomedical field [3].

This paper contributes to investigating the possibility of
flying a battery-less drone with WPT. The aim is to let the
drone fly in a mid-air range of 30-40cm indefinitely. As
a proof of concept, a magnetic resonant coupling WPT is
used with a resonance frequency above 400kHz. A detailed
simulation is performed to show and analyze the behavior of
a resonant magnetic coupling WPT system, to reveal the strong
dependencies on the load resistance. Measurements are carried
out to validate the simulation results.

Finally, the setup is built, the receiving coil is mounted on
a Crazyflie 2.0 drone without its battery. An AC-DC interface
with a buck converter is used to couple the receiving coil

to the drone’s electronic circuitry. Since the battery has been
completely removed from the drone, we achieved roughly the
same gravimetric density.

Thank to the WPT, the battery lifetime has been extended
indefinitely. Moreover, if the weight is reduced, we also
achieved an increase in the payload capacity. However, a
significant reduction in the operating area is introduced. To
enhance the operating area, a set of different coils or a 3D
coil [4] can be used, which will be a task for future work.

The rest of the article is organized as follows. Section II
introduces the related works, and Section III introduces to the
design of the WPT Magnetic Resonant Coupling. Section IV
presents the efficency and charaterizaiton of the system. Sec-
tion V concludes the paper with final remarks.

II. RELATED WORK

Wireless power transfer and drones have already captured
the interest of researchers, with particular attention to the
battery charging without a wired connection [5]. Two well-
defined standards are available for charging mobile devices,
the Qi standard developed by the Wireless Power Consortium,
and the WiPower standard provided by the Alliance For
Wireless Power. The standards define not only the power
transfer model, but also the methods to control the power
flow from the transmitter to the receiver, exploiting a feedback
signal on the same wireless link.

This work aims to transfer enough power to remove the
battery completely and get the drone flying at a reasonable
distance range. Khan et al. [6] proposed to transfer power over
long distance (about 0.5m) to charge and power mobile devices
in an indoor environment. They used an extremely large pair of
coils, preventing the system to be embedded in a real mobile
device. Likewise, Han et al. [4] used a 3D transmitter coil with
a 3D intermediate coil for a quasi-omnidirectional coverage.

In this work, we use a two-coil setup in a real scenario with
a real drone floating in the mid-air range upon the transmitting
coil. The power consumption on the receiving side is not
constant due to the necessary adjustment of the throttle to
stabilize the drone. Moreover, the drone requires a specific
supply voltage. A DC-DC converter is used to adjust the output
voltage at the receiving coil. This aspect is crucial, introducing
a non-constant variation in the equivalent load impedance at
the WPT system output. The variation changes the power
efficiency over the distance. Indeed, the resonant magnetic
coupling WPT system behavior is strongly related to the load



resistance. By exploiting this phenomenon, a larger distance
coverage is achieved.

III. BASICS ON MAGNETIC RESONANT COUPLING WPT

Magnetic resonant coupling WPT is a widely used technol-
ogy that exploits two tuned coils (primary and secondary coils)
operating at the same resonant frequency. Different topologies
are available to tune the two coils. In this work, we utilize the
series-series compensation schematic (Fig. 1). The choice on
the compensation is related to the values of tank capacitors,
that are not affected by load changes, and the rectifier circuit,
which does not require an inductor (i.e., heavy components on
board of the drone). As Jaros at el. [7] proposed for medium
range and low power transfer application.

A brief analysis of the circuit can be done by assuming the
overall system frequency response with a high-quality factor at
the resonance (namely resonance frequency ω̃o) and a low-pass
filter behavior for higher frequencies. It permits to consider
the circuit operating with sinusoidal waves, at least nearby the
resonance frequency. In this way, the square wave generated
by the inverter is then considered only with its fundamental
harmonic at frequency ωo. Likewise, the rectifier circuit with
the real load (smoothing capacitor and load resistance) can be
represented equivalently to a secondary-side resistance Req .
Indeed, all the higher harmonics are neglected. In figure Fig. 2
the equivalent model is depicted and simplified.

As discussed, the rectifier, the filter capacitor and the load
can be considered as an equivalent resistance Req = 8/π2Rl,
neglecting the voltage drop of the diode bridge and referring to
figure Fig. 1 for the evaluation of Rl. Moreover, the presence
of the DC-DC converter introduces another coefficient m on
the equivalent load resistance. Neglecting the power loss due
to the DC-DC converter, the equivalent load resistance is
evaluated in the equation ( 2 ):
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The model in figure Fig. 2 can be simplified and easily
described using Kirchfoff voltage law at the primary and
secondary side ( 3 ) to obtain the output power as a function
of the mutual inductance M . By assuming the resonance
frequency equal for both sides, the output power is simplified
in ( 5 ), where the reactive components are neglected because
their reactance cancels out.{

Vin = Ip(Zp + Zref )

jωM(d)Ip = Is(Zs +Req)
(3)

Where:

Zs = Rs + jωLs + 1
jωCs

Zp = Rp + jωLp + 1
jωCp

Zref = − jωMIs
Ip

= ω2M2
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The mutual inductance M is the coefficient depicting how
the coils are coupled, i.e., the geometrical arrangement of the
windings where the main factor is the distance d between
the two coils. It plays the primary role in the wireless power
transfer.

As a first approach, the mutual inductance is evaluated in
formula ( 6 ) referring to circular coils where rp, rs are the
coil radius and Np, Ns are the coil turn number. It is used
for early assessment of WPT performance over the distance
between the coils.

M(d) =
πµ0NpNs(rprs)

2

2d3
(6)

A. Simulations

We carried out some simulations using MatLab. By exploit-
ing formulas ( 4 and 6 ), the model is simulated with different
equivalent load resistance Req . The output power is given by
sweeping the distance (and so the M ) between primary and
secondary coils. The parameters used for the simulation, listed
in table I, refer to the real implemented scenario. The two
coils are tuned about fres = 379kHz.

Considering a Vsup = 1V and the inverter as an ideal
configuration of two switches in a single leg, the Vin is
evaluated as follows:

Vin =
4

π

Vsup
2

=
4

π

1

2
= 0.63[V ] (7)

The simulation result, shown in Fig. 3, reveals the maximum
output power as a function of the distance, the peak power
position strongly depends on the equivalent load resistance.
The peak amplitude is strongly dependent also on the overall
stray resistance of the circuit. It is useful in combination with
a DC-DC converter. Indeed, the variation on the equivalent
load resistance can be exploited to maximize the power
transfer efficiency over a wider distance between the coils.
For instance, by reducing the Req , the peak power is moved
toward a longer distance. Vice-versa, if the Req is increased,
the peak power moves towards a reduced range.

TABLE I
LIST OF THE WPT SYSTEM PARAMETERS

Primary parameters

Lp 198[µH]

Np 14

rp 195[mm]

Cp 884[pF ]

Rp 0.70[Ω]

Secondary parameters

Ls 18.7[µH]

Ns 10

rs 45[mm]

Cs 9.1[nF ]

Rs 0.67[Ω]



Fig. 1. Overall WPT system block diagram with the series-series compensation topology and the DC-DC converter

Fig. 2. Simplification of the resonant magnetic coupling WPT schematization

Fig. 3. Simulation of the WPT power output over the distance in combination
with different equivalent load resistance Req . Resonance frequency evaluated
about 379kHz.

Fig. 4. Simulation of the WPT output over the distance and the resonance
frequency with a fixed equivalent load resistance Req = 3.3Ω.

A second simulation, with the same parameters (i.e., the
same coils configuration table I ), is conducted assuming the
same resonance frequency for primary and secondary coils
and using ( 5 ). The simulation shows a sweep over the
resonance frequency for a fixed equivalent load resistance
Re = 3.3Ω. The value has been used because it is close
to the one that the drone exhibits during normal operations.
This simulation assumes that all the reactive components
cancels out, and the stray resistance does not change over
the frequency. Even though it is a strong assumption because
the parasitic resistance of the coils slightly increases at higher
frequencies, we did not measure a significant impact on the
output power. The simulation also shows a clear relationship
between distances and resonance frequency.

Moreover, the simulation in figure Fig. 4 reveals that the out-



put peak power remains all most constant over the frequency
and suggests that design tradeoffs are required. For instance,
if a frequency of 500kHz is considered as a starting point, a
1MHz resonance frequency does not double the distance for
the peak power. Moreover, a higher resonance frequency could
involve substantial parasitic effects, like skin effect on the coil
conductors. The cost also increases, because high-frequency
inverters need more complex circuits and more expensive
components. A good tradeoff is a resonance frequency of
400kHz.

These simulations are useful to understand the behavior of
the magnetic resonant coupling WPT to achieve the best results
in terms of transferred power and distances.

B. Circuit Description

The system is developed, using the block diagram in figure
Fig. 1. The invert has been designed as a single leg single-
ended output that drives the primary side. Low RdsON fast
switching power MOSFET IRFP4668 are used as switching
elements. The inverter output is a square wave with a fixed
frequency and amplitude manually set using a variable power
supply and an arbitrary function generator.

For this experiment, a pair of coils are designed and
compensated. The parameter of the coils are listed in table I.
The proposed secondary side is based on a Schottky diode full-
bridge rectifier and a capacitive filter. A DC-DC buck converter
is exploited to supply the drone properly. The primary role of
the buck converter is to operate a resistance matching between
the drone and the output of the rectifier, referring to figure
Fig. 1 Rl and Rload. The output voltage is set on roughly
Vload = 4V . The LMZ36002 integrated circuit is used as an
integrated power supply module for DC/DC conversion. It has
an integrated power inductor, and it is suitable for a wide input
voltage range. The overall efficiency of the module, including
the bridge rectifier, has been measured in the range 81-94 %
according to the input and the load condition.

IV. RESULTS

The preliminary measurements aim at validating the model
and the simulations. The setup is built and measurements are
done with a fixed equivalent load resistance Req = 3.3Ω
(referring to the block diagram in Fig. 1). In figure Fig. 5
the result is shown where the real behavior (blue curve) is
pretty close to the simulated one (red curve).

It is important to notice that the simulation is adjusted with
a lower input voltage Vin = 0.54V to match the real value
measured at the output of the inverter stage. This scaling is to
take into account the relatively large dropout of the inverter
stage. Anyway, the curves are the same in comparison with
the first simulation (Fig. 3), as confirmed in figure Fig. 6. The
remaining slight difference between the two curves is due to
non-ideality in the coupling, the coils’ arrangement, and other
parasitic aspects, like stray inductances in the connection.

After that, the fixed equivalent load resistor is changed with
the rectifier, the DC-DC buck converter, and a fixed output
load resistance of Rload = 2Ω. The measurement is repeated

Fig. 5. Comparison on the received power measurement on the implemented
WPT system with a fixed equivalent load resistance Req = 3.3Ω and the
simulated one with a Vin = 0.54V .

Fig. 6. Simulation of the WPT power output over the distance in combination
with different equivalent load resistance Req . Resonance frequency evaluated
about 379kHz and Vin = 0.54V .



with a 12 bits oscilloscope and Vsup, Isup, Vdc and Idc are
measured.

Fig. 7. Overall WPT efficiency and load resistance Rl on a fixed output
power of about 8W (Rload = 2Ω e Vload ' 4V ).

The overall WPT system efficiency, evaluated from the input
power given by the source and the load, is calculated in the
following formula (referring to the block diagram in Fig. 1):

ηtot =
VsupIsup
VdcIdc

(8)

Rl =
Vdc
Idc

(9)

Pl = VdcIdc (10)

This includes the efficiency of the magnetic resonant WPT,
the inverter stage power loss, the rectifier power loss, and all
the other parasitic phenomena. However, the DC-DC converter
is not taken into account.

In figure Fig. 7
Finally, the fixed load resistor is changed with the drone,

and the measurement is repeated. Differences in the same
measurements depend on the moving parts of the drone. Thus
Vsup is adjusted to transfer enough power for a full-throttle
of the drone’s motor. Instead of a static measurement with
fixed positions, a movement is done along the direction from
the transmitting coil. A sweep over the distance is carried out
maintaining the same throttle, in figure Fig. 8 it can be seen
that the power consumption is almost constant.

In Fig. 8, the drone power consumption Pl and the load
resistance Rl are depicted. They are calculated with formulas
(9) and (10). As the distance increases, the load resistance

Fig. 8. Output power and load resistance Rl on the flying drone. From the
start-up (1) and initialization of the engines (2), full throttle (3), power drop
due to overcoming on the covered distance for the WPT (4), shut down (5)
and finally re-initialization (6).

decreases due to the automatic adjustment of the DC-DC buck
converter. The measurements are done until the distance is too
high, and the power transferred is not enough for throttle and
drone hovering.

In Fig. 9, the measurement results reveal the overall ef-
ficiency of the system during the drone’s flight about 35%,
a good result considering the range of covered distances.
However, the higher the distance between the drone and the
transmitting coil, the lower the voltage; thus the resistance
is low due to weak coupling. This phenomenon is derived
by the presence of the DC-DC buck converter. An interesting
scenario is depicted where the efficiency of the overall system
remains all most constant over the distance. It is an important
consequence because the range is strongly improved, and the
drone can fly at a higher distance from the transmitter without
problems in the supplied power.

V. CONCLUSION

By exploiting wireless power transfer technologies, we
demonstrated that a UAV can fly without batteries. We devel-
oped and assessed a real system, and we analyzed interesting
features of the WPT. A considerable distance coverage with
an excellent overall efficiency has been achieved by utilizing
a DC-DC buck converter.

Future work would focus on improving the WPT setup (i.e.,
mini-UAV and transmitter) to enhance the covered distances.



Fig. 9. Overall WPT efficiency and load resistance Rl on the flying drone.
Focus on the flight from the startup of the engine (1) until the shut down (3).
Evidence of the power drop due to an higher distance (2) and re-initialization
of the drone (4).

Fig. 10. Photo of the tiny drone Crazyflie with the receiving coil mounted.

We plan to develop a closed-loop path with multiple wireless
power transmitters to get the drone flying indefinitely and
to improve the feedback control between power intake and
throttle.
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