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ABSTRACT This article presents a circuit configuration and control for coil-array wireless power transmit-
ters. The target coil arrays have coils that are uniform in shape and dimensions and are regularly arranged
with an angular interval of 120°. The system has a three-leg half-bridge inverter, which simultaneously feeds
the three coils in the transmitter. It can deal with more than three coils by adding a switch set between the
inverter and the coils. The system has a configuration to cancel mutual inductances between the transmitter
coils and improve the power factor of the system. It can maximize the efficiency from the transmitter coils
to the receiver coil and can output uniform power regardless of the receiver position. The current condition
for achieving these features is derived, and a field-programmable-gate-array-based control for realizing the
current condition is presented. The performance of the proposed system is experimentally validated with an
implemented prototype. Results show that the system has a power variation of less than 5.8% depending on
the receiver position. The system can operate at approximately maximum efficiency.

INDEX TERMS Coil array, FPGA-based control, multileg inverter, optimal current control, three-phase
system, wireless power transfer.

I. INTRODUCTION
When discussing wireless power transfer technology, mis-
alignments between a transmitter and a receiver are inevitable
issues. One of the approaches to the issue is the employment
of a coil-array structure for the transmitter. The coil array
arranged along a pathway gives one-dimensional freedom to
the receiver. This array can be applied to a charger for moving
vehicles [1], [2]. Coil array expanded on a plane gives two-
dimensional freedom to the receiver, without exact position
control of the receiver [3], [4], [5], [6], [7].

There are several circuit configurations to feed the coil-
array transmitters [8]. An inverter simultaneously energizes
multiple serial coils via a series resonant capacitor [9] or
multiple parallel coils via an LC and LCL compensator [10],
[11]. These configurations can be fabricated simply and cost-
effectively. On the other hand, the same number of inverters
[12], [13] as that of the coils or a half-bridge inverter [14],
[15], [16], [17], [18] with the same number of legs can be
used. Only the transmitter coils close to the received coil are
energized by the inverter, which leads to high-efficiency and

low-magnetic-leakage operation. In recent years, configura-
tions where the switches are set between the inverter and the
transmitter coils have been researched [19]. The switch selects
the transmitter coils close to the receiver to connect the coils
with the inverter. The switch can be a low-speed-switching
device, such as electromagnetic relays, which is more cost-
effective than switching devices used in the inverters. Thus,
the configurations can be realized in low cost and can be oper-
ated in high efficiency and in low magnetic leakage. However,
the following issues have not been addressed yet.

1) The power assignment of the transmitter coils is not op-
timized. For instance, a current is uniformly drawn into
all the active coils regardless of the magnetic coupling
with the receiver coil. This operation is inefficient be-
cause the coils away from the receiver do not contribute
to the power transfer while the coils generate loss. To
gain higher transfer efficiency, the currents through the
transmitter coils should be allocated appropriately.

2) Uniform power transfer is not always ensured with re-
spect to the receiver position. A multilayer coil-array
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transmitter [3], [20] is a structure capable of uni-
form power transfer. However, it is not suitable for
high-power applications. In the coil-array transmitters
formed on a layer, the magnetic coupling with the re-
ceiver varies considerably with respect to the receiver
position. Therefore, for example, the receiver above the
clearance between the transmitter coils and the receiver
just above a transmitter coil have different powers un-
less the currents through the coils are not controlled
appropriately.

3) Mutual inductance between the transmitter coils is not
considered or is disregarded. The mutual inductance
as well as the self-inductance of the coils degrade the
power factor of the system. They should be canceled to
improve performance.

This article proposes an effective circuit configuration and
a control method for coil-array wireless power transmitters.
The proposed configuration and control can be applied to
the coil-array transmitter with considerably variable magnetic
coupling with the receiver. In this article, the target transmit-
ter is a coil array formed on a layer. The system comprises
a three-leg half-bridge inverter, which simultaneously feeds
three coils in the transmitter. The system can deal with nu-
merous coils by adding a switch set between the inverter and
the coils in the system. The system can cancel the mutual
inductances between the transmitter coils with the additional
resonant reactance element that is set between the connec-
tion of the transmitter coils and the inverter. The system can
control the currents through the transmitter coils so that the
efficiency between the transmitter coils and the receiver coil
is maximized and the transfer power is uniform regardless of
the receiver position. Unlike [21], [22], and [23], the control
can achieve this performance with the voltage and current
information in the inverter and without knowing the values of
the mutual inductance between the transmitter and the receiver
and the receiver position. Therefore, the proposed control can
operate dynamically.

The rest of this article is organized as follows. Section II
describes the circuit configuration and parameters of the reso-
nant reactance element. Section III derives the optimal current
through the coils, and Section IV validates the performance of
the optimal current control numerically. Section V presents
the implementation of the field-programmable gate array
(FPGA)-based control. In addition, the pulse-width modu-
lation algorithm to eliminate the influence of dead time is
presented. Section VI experimentally examines the proposed
system with an implemented prototype and validates its per-
formance. Finally, Section VII concludes this article.

II. PROPOSED CIRCUIT CONFIGURATION
A. CIRCUIT CONFIGURATION
Fig. 1 shows a concept of target coil-array transmitters, where
the three coils Lu, Lv, and Lw with the same structure and the
same dimensions are regularly arranged with an interval of
120°. In addition to the coils forming a hexagonal shape [3],

FIGURE 1. Coil-array transmitter with three coils and a receiver coil.

FIGURE 2. Proposed circuit configuration for the coil-array transmitter
with three coils.

[20], the proposed circuit configuration and control can also
be applied to circular-shaped and square-shaped coils. The
receiver coil L2 is set over the array via a vertical air gap lg
in length. The arrangement of the transmitter coils does not
ensure a uniform power transfer, even if current uniformly
flows through the coils.

Fig. 2 shows the proposed circuit configuration for a coil
array with three coils. The three-leg half-bridge inverter feeds
the coil array. Each coil is connected to a leg of the inverter
via the capacitor C1. Another end of the coil is y-connected
with the others, and the connection is led to the inverter via
the resonant reactance element X0. In the figure, although
the connection leads to a potential of E/2 in the inverter, any
potential between zero and E can be applied to it.

Because of the symmetrical structure of the coil-array trans-
mitter, the self-inductances and the resistances of the coils and
the mutual inductances between the coils can be represented
by L1, r1, and M1 respectively. The equivalent equation of the
transmitter is given as follows:⎡
⎣V̇u

V̇v

V̇w

⎤
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⎡
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İv
İw
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İw

⎤
⎦

+ jω

⎡
⎣ 0 M1 M1

M1 0 M1

M1 M1 0

⎤
⎦
⎡
⎣ İu
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⎡
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⎦
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⎣ İu

İv
İw

⎤
⎦ (1)

where V̇u, V̇v , and V̇w are the output phase voltages of the
inverter, and İu, İv , and İw are the currents through the
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FIGURE 3. Expanded coil-array transmitter and receiver coil.

transmitter coils. Mu2, Mv2, and Mw2 denote the mutual in-
ductances between the transmitter coils and the receiver coil.
Arranging this equation yields the following:⎡
⎣V̇u
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Setting the capacitor C1 and the reactance value X0 at

C1 = 1

ω2 (L1 − M1)
(3a)

X0 = − ωM1 (3b)

yields ⎡
⎣V̇u

V̇v

V̇w

⎤
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⎡
⎣ İu

İv
İw

⎤
⎦+ jω

⎡
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Mw2

⎤
⎦ İ2. (4)

Thus, the reactance in the transmitter can be completely
canceled. In the coil-array transmitter shown in Fig. 1, the
mutual inductance M1 has a negative value, and an inductor
L0 with the following inductance is used as X0:

L0 = |M1| . (5)

Alternatively, when the coils in the transmitter are widely
overlapped with each other, M1 can have a positive value. In
this case, a capacitor C0 with the following capacitance is used
as X0:

C0 = 1

ω2M1
. (6)

B. EXPANDED CIRCUIT CONFIGURATION
Fig. 3 shows an expanded coil-array transmitter. Fig. 4 shows
the circuit configuration for the expanded coil-array transmit-
ter. The transmitter circuit has a configuration where a switch

FIGURE 4. Circuit configuration for the expanded coil-array transmitter.

FIGURE 5. Arbitrarily arranged three transmitter coils and receiver coil.

set is added to the circuit shown in Fig. 2. The circuit can
be fabricated with less switches than that presented in [19],
although the magnetic coupling with the receiver varies larger,
which leads to ununiform power transfer unless the proposed
configuration and control are not employed. In the circuit, a
resonant capacitor is set on every coil. If the self-inductances
of the coils in a group are the same, a capacitor can be set
in every group. Three groups, U, V, and W are assigned to
the coils and the legs in the inverter. The switch set connects
an inverter leg to the coil that belongs to the same group as
the leg and is the closest to the receiver coil in the group. For
example, when the receiver coil is set at the position shown in
Fig. 3, the U-leg, V-leg, and W-leg are connected with Lt6, Lt7,

and Lt3, respectively. As a result, any combinations of active
three coils have a positional relation with the receiver coil,
like the relation shown in Fig. 1, where Lu, Lv, and Lw are
the coils of the U-group, V-group, and W-group, respectively.
This article is focused on the efficient power transfer in the
coil-array transmitter with three coils, and the switchover of
the coils is outside the scope of this article.

III. CONTROL ALGORITHM
The optimal current maximizing the efficiency between the
transmitter coils and the receiver coil is derived in this sec-
tion. The first discussion is for the case where three coils are
different in shape and dimensions and are arbitrarily arranged
in three-dimensional space, as shown in Fig. 5. In this case,
the coils have different resistances, ru, rv, and rw. The circuit
configuration shown in Fig. 2 is used to feed the wireless
power transfer coils. The receiver coil has the self-inductance
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L2 and the resistance r2. C2 completely resonates with L2. The
load is assumed to be a resistor R for simplification.

The output power PR and resistive losses Pr1 and Pr2 in the
transmitter and the receiver are given as follows:

Pr1 = ru
∣∣İu
∣∣2 + rv

∣∣İv∣∣2 + rw

∣∣İw∣∣2 (7a)

Pr2 = r2

( ∣∣V̇2i
∣∣

R + r2

)2

(7b)

PR = R

( ∣∣V̇2i
∣∣

R + r2

)2

(7c)

where ω = 2π f is the operation angular frequency of the
system, and V̇2i is the induced voltage in the receiver coil. The
voltage is given as follows:

V̇2i = jω
[
İu İv İw

]⎡⎣Mu2

Mv2

Mw2

⎤
⎦ . (8)

The transfer efficiency ηc between the transmitter coils and
the receiver coil is defined as follows:

ηc = PR

Pr1 + Pr2 + PR
. (9)

Equations (7) and (9) imply that the maximum efficiency is
available when Pr1 is minimized under a fixed voltage |V̇2i|.
The current condition required to satisfy this can be obtained
by solving the geometric question that asks the tangent point
of a plane represented by (8) and an ellipsoid represented by
(7a) in the rectangular coordinate system with Iu, Iv , and Iw.
At the tangent point, the directions of the normal vectors of
the two geometries correspond to each other. Therefore, the
optimal currents are given as follows:⎡

⎣Iu

Iv
Iw

⎤
⎦ = λ

⎡
⎢⎣

Mu2
/
ru

Mv2
/
rv

Mw2
/
rw

⎤
⎥⎦ (10)

where λ is a coefficient. Because the mutual inductances are
in proportion to the induced voltages Vui, Vvi, and Vwi in the
transmitter coils: ⎡

⎣V̇ui

V̇vi

V̇wi

⎤
⎦ = jω

⎡
⎣Mu2

Mv2

Mw2

⎤
⎦ İ2 (11)

equation (10) can be changed to⎡
⎣Iu

Iv
Iw

⎤
⎦ = λ′

⎡
⎣Vui/ru

Vvi/rv

Vwi/rw

⎤
⎦ . (12)

Thus, optimal currents are available with these induced
voltages and the resistances of the coils. Based on (4) with
the perfectly resonant receiver, the induced voltages can be
calculated with ⎡

⎣Vui

Vvi

Vwi

⎤
⎦ =

⎡
⎣Vu

Vv

Vw

⎤
⎦−

⎡
⎣ ruIu

rvIv
rwIw

⎤
⎦ . (13)

FIGURE 6. Schematic diagram of the coil-array transmitter.

Consequently, on the basis of (12), the current command
values Iuc, Ivc, and Iwc for the optimal current control are
defined by the following equation:⎡

⎣Iuc

Ivc

Iwc

⎤
⎦ = P2c

V 2
ui

ru
+ V 2

vi
rv

+ V 2
wi

rw

⎡
⎣Vui/ru

Vvi/rv

Vwi/rw

⎤
⎦ (14)

where P2c is a power command value. The phase angle of
the currents is set at 0 or π . When the induced voltage has a
positive value, the phase angle is set to 0, otherwise, the phase
angle is set to π . Controlling the currents at Iuc, Ivc, and Iwc

can achieve uniform power transfer regardless of the receiver
position. This is proved by substituting (14) into (8), which
yields the following:

V2i = P2c

V 2
ui

ru
+ V 2

vi
rv

+ V 2
wi

rw

(
VuiMu2

ru
+ VviMv2

rv

+ VwiMw2

rw

)
.

(15)

Multiplying I2 to both sides of the aforementioned equation
and then arranging it yields the following:

P2c = V2iI2. (16)

Thus, the power V2iI2, which implies a power transferred to
the receiver, corresponds to a constant, P2c. Since the power
V2iI2 is the sum of the output power PR and the resistive loss
in the receiver coil, PR is given as follows:

PR = R

R + r2
P2c. (17)

When the load resistance R is a constant, PR is also a
constant under a constant P2c. When r2 is much smaller than
the load resistance R, P2c can be assumed to be equal to PR,
that is, the system is robust over the fluctuation of the load
resistance.

IV. NUMERICAL ANALYSIS
Fig. 6 shows a coil-array transmitter used to test the per-
formance of the proposed system. The three coils, Lu, Lv,
and Lw, with a hexagonal shape, are tightly arranged with
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TABLE 1. Parameters for Analysis

FIGURE 7. Mutual inductance between Lu and the receiver coil at receiver
positions.

an interval of 120°. They have the same structure and the
same dimensions. In [3] and [20], coil-array transmitters with
hexagonal coils are implemented on multilayers of a printed
circuit board. The arrangement with positional shifts every
layer contributes to the uniform power transfer when a current
is uniformly drawn to the coils. Alternatively, the array shown
in Fig. 6 consists of windings made of wires on a layer. The
one-layer structure is employed for the system dealing with a
larger power [15]. Its drawback is that uniform power transfer
is not ensured even if a current is uniformly drawn to the coils.
The receiver coil has a circular shape and is set above the
transmitter via an air gap. In the figure, the three positional
points are defined; remarkably, P1 is the center of Lu and P2
is the contact point of the three coils. These points are used as
representatives of the center positions of the receiver coil.

Table 1 lists the parameters used in the analysis. Because
the transmitter coils have the same structure and the same
dimensions, their resistances and self-inductances can be rep-
resented by r1 and L1, respectively.

Fig. 7 shows the mutual inductance Mu2 between Lu and the
receiver coil at receiver positions. These were calculated with
finite-element analysis. The mutual inductances Mv2 and Mw2

of Lv and Lw with the receiver coil are distributed in the same
manner.

Fig. 8 shows the distribution of resistance values that max-
imize transfer efficiency at receiver positions. The equilateral
triangle in the figure has corners at the centers of the transmit-
ter coils. In the expanded system shown in Figs. 3 and 4, when
the receiver coil is outside the triangle, another combination
of transmitter coils is used. Inside the triangle, the variation
of the resistance is slight; 7.14 � is marked as a peak at P1,
whereas 5.70 � is marked as a valley at P3. The average over
the inside of the triangle is 5.81 �.

FIGURE 8. Optimal load resistance values at receiver positions.

Fig. 9 shows the power transfer efficiency ηc under
PR = 500 W and optimal load resistances at transmitter coil
currents. As aforementioned, the currents distribute on a plane
when the power is fixed at a level. To be exact, there is another
plane capable of transferring the same power, which is ar-
ranged in point symmetry with the origin. In the symmetrical
plane, the signs of the currents are inverse to the plane shown
in these figures. It is confirmed that the optimal current com-
mand values calculated by (14) mark maximum efficiency.

Fig. 10 shows the variation of the optimal current command
value Iu for Lu at receiver positions. Currents over 1.0 A
distribute widely above parts of Lv and Lw. This implies that
simultaneous energization of the three coils is necessary to
improve the efficiency, especially around the contact edge of
the coils. As a result, even at P2, an efficiency of 94.9% is
available, as shown in Fig. 11. Fig. 12 shows the transfer
efficiencies when a current is uniformly drawn to the three
coils. In comparison with the optimal current condition, the
area with efficiencies of more than 80% is smaller, and the
peak value is lower by 1.5%. Thus, the proposed control using
optimal currents has higher efficiencies than the conventional
method.

V. IMPLEMENTATION OF CONTROL
A. CONTROL BLOCK DIAGRAMS
Fig. 13 shows the control block diagrams. The sensed current
iu through Lu is transformed to the real and imaginary com-
ponents Iu_re and Iu_im of the fundamental with the discrete
Fourier transform (DFT). The currents are controlled to a
command value Iuc and zero, respectively, using proportional–
integral (PI) control. Iu_im is zero without the control when
the reactance of the coil array is completely canceled. The
control can compensate for the deviation of the current phase
owing to the existence of a slight reactance. The outputs of
the PI control blocks are transformed into voltage with the
phase angle θu and the magnitude Vu. Through similar control
blocks, the voltages Vv and Vw for Lv and Lw are calculated
to control iv and iw, respectively. The amplitudes of these
voltages are used to generate current command values with
(13) and (14). When the receiver coil is absent or away from
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FIGURE 9. Efficiencies at currents when the receiver is at (a) P1, (b) P2,
and (c) P3.

the transmitter coils, the sum of squared induced voltages is
significantly small. In this condition, the controller sets the
current command values at a low level instead of (14), which
can prevent overcurrent and allow the controller to detect the
proximity of the receiver coil.

FIGURE 10. Optimal current command value Iu to transfer 500 W under a
load resistance of 5.81 � at receiver positions.

FIGURE 11. Transfer efficiencies, applying the optimal currents, under an
output power of 500 W and a load resistance of 5.81 � at receiver
positions.

Alternatively, the voltages Vu, Vv, and Vw are inputted to
the one pulse modulation block, which generates switching
signals for the inverter. Unlike one of the techniques described
in [24], the one pulse modulation block has a function for
compensating for dead time. Fig. 14 explains the algorithm for
it. The signal Sop in Fig. 14(a) is an output of the conventional
one pulse modulation block. The signals Sup and Sun turn ON

with a lag of dead time td behind the switching of Sop. Since
the output current in the inverter varies sinusoidally as shown
in Fig. 14 owing to the resonant circuit, the output voltage is
–E/2, during the dead time. As a result, the output voltage dif-
fers from the desired voltage. In the proposed method, turn-ON

of Sop is advanced, and the turn-ON duration is expanded by
td. It should be noted that the turn-ON duration is limited to
half of the operation period. Consequently, the output voltage
can have a desired width, as shown in Fig. 14(b).

B. FPGA IMPLEMENTATION
The control was implemented in XILINX FPGA, XC7K160T-
1FBG484C. The system clock is set at 87.04 MHz, which is
1024 times the fundamental operation frequency of 85 kHz.
The currents are sensed and A/D converted every 16 clocks.
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FIGURE 12. Transfer efficiencies, applying a current through the three
coils under an output power of 500 W and a load resistance of 5.81 � at
receiver positions.

FIGURE 13. Control block diagrams.

FIGURE 14. Switching signal, voltage, and current waveforms (a) without
dead time compensation and (b) with dead time compensation.

Therefore, 64 digital data points are available per one cycle
period of the fundamental. For DFT, 128 data points are used.
The PI controls are executed every 4096 clock cycle. The
command generation is executed every 65 536 clock cycle.

VI. EXPERIMENTS
A. EXPERIMENTAL CONDITIONS
Fig. 15 shows the experimental setup. Its system configuration
is shown in Fig. 2, where the load consists of a rectifier and a
resister R. The parameters of the system are listed in Table 2.
The load resistor R is set to 8.85 �, which is calculated as
the average value over the area inside of the triangle shown
in Fig. 8, based on the measured parameters. This value is

FIGURE 15. Experimental setup. (a) Top view of whole the system.
(b) Side view of the coils. (c) Coil-array transmitter.

TABLE 2. Parameters of the System

TABLE 3. Reactance Values of the Compensated Transmitter

larger than the value obtained by numerical analysis. This is
because the mutual inductances used in the analysis are lower
than the measured mutual inductances. The transmitter coils
form a hexagonal shape and have the dimensions as presented
in Fig. 6. Because the mutual inductances Muv, Mvw, and
Mwu between the transmitter coils are negative, an inductor
L0 is employed as X0. Since there are differences between
the mutual inductances because of manufacturing error, an
average of the inductances is used to set L0. Similarly, the self-
inductances of the transmitter coils differ from each other. The
different resonant capacitances are set so that the reactance
values become nearly zero for every transmitter coil. Table 3
lists the measured reactance values of the transmitter coils
that have been compensated by the inductor and capacitors.
For example, Xu stands for the reactance value of the coil
Lu while the other coils are in an open circuit. Similarly, Xuv

stands for the reactance value of the compensated coil Lu and
coil Lv in parallel while the coil Lw is in open circuit. It is
confirmed that the reactance values are significantly low in
every case. For the command generation in the control, the
resistance r1 was set to the sum of the averaged coil resistance
and a conductive resistance of 60 m� of the switches (MOSFET

of ROHM, SCT3060) in the inverter. The receiver coil forms a
circular shape, with an outer diameter of 200 mm and an inner
diameter of 152 mm. The receiver coil is set with a vertical gap
length, lg of 50 mm.
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FIGURE 16. Waveforms in the steady state when the receiver coil is at P3.

FIGURE 17. Measured output powers at receiver positions.

B. EXPERIMENTAL RESULTS
Fig. 16 shows waveforms under the proposed control with a
P2c of 550 W. The receiver coil is set at P3, where the mutual
inductances Mu2, Mv2, and Mw2 are 9.45, 2.70, and 0.315 μH,
respectively, in measurement. Because the resistances of the
transmitter coils are uniform, the ratio of the optimal currents
approximately corresponds with the ratio of these mutual
inductances. The result confirms that the controller can ad-
just the currents in this manner. Although the current iv is
distorted, the receiver current varies sinusoidally. Thus, the
harmonics in the currents through the transmitter coils do not
influence the power transfer. This is why control deals with
only the fundamentals of the currents.

Fig. 17 shows the output powers under the proposed con-
trol. The power command value is set at P2c= 550 W. Inside
the triangle, 520 W is measured as a peak power at the center
of Lv, and 490 W is marked as a valley at P2. The variation
is only 5.77%. Fig. 18 shows the breakdowns of the losses
and output power in the system, which were obtained by the
measurements. At P1, the transferred power P2, which is the
sum of the output power, the resistive loss of the receiver
coil, and the loss of the rectifier, is approximately 550 W.

FIGURE 18. Breakdowns of the power and losses in the system.

FIGURE 19. Measured efficiencies of the whole system at receiver
positions.

Alternatively, at P2, the transferred power is 525 W, which is
lower than P2c = 550 W. This slight reduction is caused by the
conduction loss in L0, the switching loss in the MOSFET, and,
especially, the deviation of the resonant circuit. The mutual
inductance used for determining L0 is an average value. The
difference from the actual values generates a little reactance
and causes the controller to fail in accurate estimation of the
induced voltages Vui, Vvi, and Vwi. These factors are rein-
forced at P2, because the sum of squared currents through L0

is the largest.
Fig. 19 shows efficiencies ηs of the whole system at

P2c = 550 W. An efficiency of 93.13% is marked as a peak
at the center of Lv and 81.42% is marked as a valley at P3.
The lowest efficiency at P3 is caused by the largest losses in
the inverter as well as the coils due to the largest currents, as
shown in Fig. 18.

Fig. 20 shows efficiencies ηs at PR = 200 W, without the
proposed control, when the receiver is at P3. The current
command calculated by (14) is close to the current combina-
tion with the maximum efficiency. The maximum efficiency
is 87.40%. The efficiency at the command value is 86.72%,
which is only 0.7% lower than the maximum efficiency. The
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FIGURE 20. Measured efficiencies of the whole system when the receiver
coil is at P3.

FIGURE 21. Waveforms in the transient state when the receiver coil is
at P3.

deviation between the command and the optimal current is
caused by the loss in the inverter.

Fig. 21 shows the waveforms in the transient state when
the receiver is at P3. When the receiver coil is absent, the
controller outputs currents with a low amplitude, which is
needed for the controller to detect the proximity of the receiver
coil. When the receiver coil approaches, the induced voltages
Vui, Vvi, and Vwi increase, and then the controller starts op-
erating in accordance with the optimal current command. In
this experiment, the inverter flows currents with an amplitude
of 1.4 A ahead of the optimal current control. At 15 ms, the
inverter begins the optimal current control. Then, the ampli-
tudes of the currents gradually change and end up with the
optimal current at 100 ms.

VII. CONCLUSION
This article proposed a circuit configuration for coil-array
wireless power transmitters with regularly arranged coils with

an angular interval of 120°. The system has a circuit configu-
ration where the inductances of the coils, including the mutual
inductances between the transmitter coils, can be canceled.
The system controls the currents through the transmitter coils
so that the efficiency between the transmitter coils and the re-
ceiver coil is maximized and the transferred power is uniform
regardless of the receiver position. The experiments validate
the effective performance of the system; the variation of the
output power can be suppressed to less than 5.8%, and the
efficiency of the whole system is approximately maximized.
Theoretically, these effective performances are available re-
gardless of the shape, dimensions, and number of turns of the
transmitter coils. Future work should deal with the expanded
coil array with more than three coils and reveal an effective
switching method for the switch set between the inverter and
the coils, in addition to an algorithm for receiver position
detection.
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