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A Dual-Objective Magnetic Integration-Based WPT Link for UAV Hover
Charging With High-Resolution Dynamic Position Detection

Changsong Cai
Zhaoyang Yuan

Abstract—Hovering wireless power transfer (WPT) helps un-
crewed aerial vehicles (UAVs) to achieve flexible and reliable charg-
ing, in which the position detection of the energy pickup receiver is
crucial for practical applications. In this letter, a dual-objective
magnetic integration based WPT link is proposed for dynamic
detection and hovering charging of UAVs. Two pairs of orthogonal
windings are integrated into the transmitter side, serving both as
a step-down inductor and for high-resolution position detection of
the receiver. A corresponding position detection strategy based on
a simple voltage/current sensing and coupling mapping mechanism
is implemented. An experimental prototype is established and the
results demonstrate the effectiveness of this approach.

Index Terms—Dual-objective magnetic integration, receiver
position detection, uncrewed aerial vehicles (UAVs) hover charging,
wireless power transfer (WPT).

1. INTRODUCTION

NCREWED aerial vehicles (UAVs) have been widely used
U in resource exploration, terrain detection, and power in-
spection due to their many advantages, such as simple structure,
lower cost, and adaptability [1]. However, due to the limited en-
ergy storage capacity, UAVs encounter the bottleneck of frequent
charging and insufficient working range [2]. Wireless power
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Fig. 1. Schematic of wireless charging for a hovering UAV. (a) Typical
application scenario. (b) Charging platform.

transfer (WPT) technology has emerged as a promising solu-
tion for recharging UAVs, which can power on-board batteries
without physical connection [3].

In previous studies, a number of efforts have been made to
improve the performance of WPT solutions for UAVs, such as
airgap distance, power, efficiency, and misalignment tolerance
[4]1,[5], [6], [7]. However, the above schemes all require the UAV
to land on the energy transmitter (Tx) platform for charging.
Due to the flight controller and motors being turned OFF, safe
and stable energy supplement cannot be ensured under complex
environments, such as strong winds. Especially considering
the scenarios of long-time and large-area operation, repeated
takeoffs and landings of the UAV will inevitably reduce the
operation efficiency. Therefore, hovering charging of UAVs, as
shown in Fig. 1, which can realize uninterrupted operation and
ensure reliable charging, is an encouraging alternative to landed
charging technology [8].

The misalignment of receiver (Rx) and Tx may occur during
UAV hover charging due to environmental disturbances, which
may interfere with the transmission performance of the WPT
system. Therefore, realizing dynamic position detection of the
Rx is crucial for practical applications of UAV hover charging.
The prior references used GPS, antenna arrays, tunnel magneto
resistance (TMR) sensors, and ultrasonic sensors to detect the
position of the Rx, but these methods may be interfered by the
environment and are costly to implement [9], [10]. To address
this issue, the electromagnetic characteristics of the WPT system
are being studied in order to utilize the electric parameters to
detect the Rx. Multiple auxiliary localization coils are placed at
the Rx side [11], where the position of the Rx is obtained by
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Fig. 2. Circuit diagram of dual-objective magnetic integration topology.
(a) Circuit diagram. (b) Equivalent circuit model.

detecting the voltage induced by each auxiliary coil. However,
the array of auxiliary coils increases the Rx burden and is not
applicable to UAVs. A method for Rx position detection using
coil voltage pulses on the Tx side is proposed in [12]. The
presented detection method avoids increasing the weight of the
UAV, but can only detect a single direction and cannot localize
the Rx position coordinates. Therefore, it is urgent to develop
a cost-effective Rx position detection method with a compact
coupler structure, which is also suitable for UAV hover charging.

In this letter, a dual-objective magnetic integration based WPT
link is proposed for dynamic detection and hovering charging
of UAVs. Two pairs of orthogonal windings are integrated on
the Tx side to serve as a step-down inductor as well as for Rx
position detection. A position detection strategy based on the
integrated inductor is proposed to realize high-resolution dy-
namic detection. The proposed WPT link utilizes the inductor—
capacitor—capacitor—series (LCC-S) compensation topology,
which achieves the magnetic integration of the compensation
inductor while retaining the constant voltage output capability.

II. PROPOSED MAGNETIC INTEGRATION-BASED WPT LINK
A. System Overview

The proposed WPT link obtains Rx position information
through a dual-objective magnetic integration inductor, and
corresponding coupling mapping mechanism. Fig. 2(a) presents
the circuit diagram of the dual-objective magnetic integration-
based WPT link employing LCC-S compensation topology. L¢
represents the integrated inductor coil, which adopts a magnetic
integration design. Cps and Cy,¢ are the compensation capacitors
on the Tx side, and Cj is the Rx side compensation capacitor. L,
and L, are the inductance of the Tx and Rx coils, respectively.
My, My, and My are the mutual inductances (MIs) correlated
to the coils, which are represented in the subscript. Uq, is the DC
input voltage and U)e,q is the load voltage. Uiy, U, and U,, are
the root mean square (RMS)values of the inverter output voltage,
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Fig. 3. Proposed coil structure. (a) Oblique view. (b) Cross-section view.

TABLE I
DESIGN PARAMETERS OF THE PROPOSED COIL STRUCTURE

Parameter Value Parameter Value
Tpo 240 mm Wr 5 mm
Ppi 142 mm N, 14
Tso 76 mm N, 20
i 30 mm N 4

the voltage across L¢ , and the ac output voltage respectively.
Liny, I, , and I, are the rms values of the inverter output current,
the current flowing through the Tx coil, and the current flowing
through the Rx coil, respectively. Ijoaq is the load current. Ry, is
the equivalent load resistance. Through the proposed magnetic
integration design, the MI between the integrated inductor coil
and the Rx coil can reflect the position of the Rx coil, which is
the key to realizing position detection.

B. Dual-Objective Integration Design and Basic Performance

The proposed coil structure and cross-section are shown in
Fig. 3. In the coupler, asymmetric circular coils are employed as
the Tx and Rx coils, and ferrites are mounted behind both coils
to enhance the magnetic field coupling. The design focuses on
the integrated inductor coil L;. In order to utilize the electro-
magnetic characteristics of the WPT to simultaneously achieve
high-resolution detection of the x- and y-axes coordinates of
the Rx, the integrated inductor coil consists of two pairs of
orthogonal windings wound around the edge of the ferrite at
the Tx side. The inductances of the four coils, i. e., L¢11, L2,
Lo, and Lgoo, are equal to each other. With the orthogonal
structure shown in Fig. 3(a), the two pairs of coils, (Lf11, Lf12)
and (L¢21, Liao), are decoupled from each other, and the x- and
y-axes coordinates of the Rx can be detected independently. In
addition, to eliminate the cross-coupling between the integrated
inductor coil and the Tx coil, two pairs of orthogonal windings
are connected in series with the same polarity and the current
directions are shown in Fig. 3(b). The crucial design parameters
of the proposed coil structure are listed in Table I, where N, Ny,
and N¢ are the number of coil turns.

The proposed dual-objective magnetic integration involves
multiple MIs, some of these are crucial for Rx detection. As
shown in Fig. 4, Mt11.12, Mg11.21, and My1.90 are the Mls
between L¢i1 and L2, Lio1, and Leoo, respectively. My, and
M;11_s are the MIs between L¢i; and the Tx coil, and between
L¢1; and the Rx coil, respectively. The MIs associated with
Lg1o, Lgo1, and Lgoo in the integrated inductor coil relative to
the surrounding inductors are comparable. Fig. 5(a) shows the
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Fig.4. Schematic diagram of MIs between L¢11 and the surrounding inductors.
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Fig. 5. MIs between the integrated coils and the Rx coil versus the position
misalignment along the x-axis. (a) MI of a single coil and the Rx coil. (b) Sum
of MI of the opposite coils.

finite element analysis simulation results of the MIs between
the four coils in the integrated inductor coil and the Rx coil
under different misalignments along the x-axis. Fig. 5(b) shows
that (M¢11.s-+Ms12-s) increases and (Myo1.s+Mpro.s) remains
constant when the misalignment is less than 150 mm. Therefore,
(My11-5+Mp12-5) and (Mg21-s+Mr22.5) can be used as mapping
indicators for the x- and y-axes coordinates of the Rx, which
vary monotonically from —150 to 150 mm and are independent
of each other.

As the Rx moves, the MIs will change according to analysis,
which is crucial for the dynamic detection of the Rx, but it
is necessary to further analyze the effect of magnetic integra-
tion on the characteristics of the LCC-S topology. When the
inductance and capacitance satisfy (1), the circuit is in resonant
state, where w is the resonant angular frequency and f is the
resonance frequency. Since the response of the circuit at the
fundamental frequency in the resonant state is most significant,
the effect of higher harmonics can be neglected. Consequently,
the subsequent analysis will be conducted based on fundamental
harmonic analysis (FHA), and Fig. 2(b) shows the equivalent
circuit model based on FHA.

w27rf1/\/LT})S1/,/(Lpo)Cpt1/\/ﬁ.

ey

Since the integrated inductor coil is decoupled from the Tx

coil, Mps can be neglected. According to Kirchhoff’s voltage
law, the input impedance and U, can be derived as

Zin = R/ (W*CEM) + 2 Mt/ (wCps My ) )
: Mps[.]inv 2jWMpsMsf

e — it LA [ e e
V=T, < LiRy )

Due to the presence'of My, the imaginary part of Z;;, and the
existence of Ry, in the U, expressions are unavoidable. However,
the value of M is small. As shown in Fig. 5(b), when Rx is
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TABLE I
PARAMETER VALUES OF THE EXPERIMENTAL PROTOTYPE
Parameter Value Parameter Value
Uge 150V L 10.35 uH
Vi 300 kHz L 10.15 pH
L, 174.5 uH Chs 6.86 nF
Ly 67.3 uH Ct 2.11 nF
L¢ 41 uH C; 4.18 uH
L 10.18 pH Uye 150V
Lﬂz 10.38 HH Rlnad 15Q

aligned, My is close to zero. Even if the misalignment occurs,
Mz is less than 1.7 iH. M is measured to be about 10 uH. By
substituting the parameters from Table II into (2) and (3), the
following results are obtained:

Im(Zin)/Re(Zm) = 2w3CpSMSfMpS/RL = 01041 (4)
2jwMps Mg/ (LeRy,) = 0.1042.
It is found that the effect of My on Z;;, and UO is nearly negli-
gible, thereby having no significant impact on the performance
of the proposed WPT link.

C. Dynamic Position Detection Strategy

Based on the dual-objective magnetic integration design, three
mapping indicators are proposed to derive the position infor-
mation of the Rx. These indicators leverage the characteristics
of the MIs between the Rx coil and other coils, and the Rx
detection flow is comprehensively described in conjunction with
the mapping indicators.

According to Fig. 4, the voltage ULfll across L 1S

ULii1 = jwLei Tiny +5w(Mein 12+ Mgy o1 4+ My 22) Tiny

— jwMpy_pIp + jwMp 1o (5)

Similarly, the voltage ULf12 across Lo 1S
Utttz = jwLiiaTiny+jw(Miia—11+Meia_o1+Mi12-92) Tiny

(6)

where Myio.11, Mri2-21, Mri2-22, Mgia-p, and Mgio are the
MIs between Lgo and Ly, L1, Lo, the TX coil, and the
Rx coil, respectively. Since the Tx of the proposed coupler
has a symmetric structure, combined with the direction of the
magnetic field generated by the current shown in Fig. 3(b), it
can be deduced that

Me1—12 = Meia—11
Mfllfp = _Mf127p
Mey1—91 = —Mpy1—22 = Mria_20 = —Mpia_21.

- jwa127p‘.[p + jWMf12fsjo

@)
Summing (5) and (6) and substituting into (7) yields
Fy = (Unni+Urn2 — jw(Lein + Lz + 2Mf1112)jinv)/l'o

= jw(Mpi1-s + Mpio—s) (8)

where Fy is defined as a mapping indicator for realizing x-
direction position detection, and its value is solely related to
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Fig. 6. Flowchart of the Rx position detection.

(Mgy1-s+Mjy12.). Similarly, the mapping indicator Fy can be
constructed to estimate the position in the y-direction

Fy = (Uvto1 + ULtz — jw(Le2 +Lf22+2Mf2122)I.inv)/Ilo

= jw(Mi1-s + Mpo—s). )

Since the monotonicity of Fy and Fy reverses when the
misalignment exceeds 150 mm, an auxiliary indicator F, is
constructed according to (3) in order to help determine whether
the Rx is within the recognizable range

UoLf UoLf

F; =
Uinv _2jWMsto Uinv _Q(Fx+Fy)Io

= M,

(10)

F, denotes the distance between the Rx and the center of the
Tx. When F) is greater than the preset value F,*, it means that
the Rx is within the recognizable range. Fig. 6 illustrates the
flowchart of the proposed dynamic position detection method.
In this flowchart, the Tx is first preactivated at low power and
whether the Rx enters the recognizable range is determined
by comparing F, with a preset value F,*. If the Rx is within
the recognizable range, the Tx is activated at the rated power.
Then, the real-time Fy and FY are calculated by measuring the
target parameters. Finally, Fy and Fy are fed into a prebuild
segmented fitting function as shown in (11) to calculate the
position coordinates, thus determining the position of the Rx

Ty = kin(i) + bi(i =1,2..,n— 1)

ko = Ti41—Ti
1 . _ . .
Earn—Fm (4=1,2..,n—1)

11
bi =T — kin(i)~ ( )

IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 40, NO. 10, OCTOBER 2025

Fig. 7. Established experimental prototype.
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Fig. 8. Experimental waveforms with rated outputs. (a) Inverter output wave-
form. (b) Rectifier input waveform.
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Fig.9. Experimental results of the prototype. (a) Output voltage and efficiency

versus horizontal misalignment. (b) Output voltage versus load resistance.

III. EXPERIMENTAL VERIFICATION

In order to verify the proposal, a 245 W experimental pro-
totype operating at 300 kHz is built, as shown in Fig. 7. The
experimental parameters are shown in Table II. Fig. 8 shows
the experimental waveforms at the rated power of the system.
Fig. 8(a) depicts the output of the inverter and Fig. 8(b) illustrates
the input of the rectifier. Itis observed that the zero voltage switch
(ZVS) of the inverter is essentially achieved.

The output voltage and dc—dc efficiency against the horizontal
misalignment are measured, as shown in Fig. 9(a). The dc—dc
efficiency of the established experimental prototype maintains
above 87% as the horizontal misalignment varies from —100
to 100 mm, exhibiting a relatively stabilized antimisalignment
performance. Fig. 9(b) shows the output voltage versus load re-
sistance of the experimental prototype. When the load resistance
is changed from 10 to 20 €2, the output voltage varies from 49.2
to 51.4 V. Therefore, the experimental prototype has constant
voltage output capability.
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TABLE III
COMPARISONS WITH PREVIOUS RX DETECTION METHODS

References Method Overall Volume Positioning
cost and weight error
Additional
* % *
(t detection coils 30 mm
[12] voltage pulses * % K * * No coqr.dmate
detection position
Dual-objective
This work magnetic * Kk * %k 10 mm
integration

The number of “% ” represents the performance.

To verify the proposed high-resolution dynamic position de-
tection strategy for UAVs based on dual-objective magnetic
integration, two typical scenarios of UAV hover charging are
selected, specifically testing the positioning errors when the
Rx coil passes through the Tx along the axial and diagonal
directions, respectively, as shown in Fig. 10. The positioning
errors are calculated by (12), where (xo, ye) and (x,, y,) are
the estimated and actual values of the Rx position coordinates,
respectively. Experimental results show that the positioning
errors in both scenarios are between [—10 mm, 10 mm] when
the Rx coil is within the recognizable range, making it suitable
for dynamic position detection of UAV hover charging

€rx = |1'e_xa|aey = |ye_ya|~ (12)

To highlight the advantages of the proposal, current UAV
position detection methods are compared and analyzed in terms
of positioning method, overall cost, volume and weight, and
positioning error in Table III. According to the comparison, the
proposal in this letter is more practical, cost-effective, lighter in
weight, and offers more accurate in positioning.
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IV. CONCLUSION

In this letter, a dual-objective magnetic integration-based
WPT link is proposed for UAV hover charging. By integrating
two pairs of orthogonal windings, three mapping indicators are
constructed to achieve high-resolution dynamic position detec-
tion during UAV hover charging. Moreover, the proposed WPT
link maintains the load-independent constant voltage output
characteristic. A 245 W WPT experimental prototype is built
to verify the proposed position detection strategy. The exper-
imental results show that the positioning errors are relatively
small when the Rx moves axially and diagonally within the
recognizable range, and the output voltage barely fluctuates
when the load resistance is changed.
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