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Abstract: This paper proposes a position recognition method for the receiver coil by the secondary
coil current. Based on the practical value of the current of the receiver coil, the position recognition
of the receiver coil in the WPT system is realized. This paper proposes a 3x3 array multi-transmitter
coil grouping and control logic. The mathematical model of mutual inductance between the receiver
and transmitter coil at different positions on the X-Y plane is established. A method for identifying
the position of the receiver coil according to the current of the receiver coil is proposed. Compared
with the traditional position recognition method of the receiver coil, this method does not need to
add a detection coil and position sensor and can realize the position recognition of the receiver coil
on the 2D plane.

Keywords: wireless power transfer; array multi-transmitter; location recognition

1. Introduction

Wireless power transfer (WPT) has been widely used in electric vehicles, implantable medical
equipment, and underwater vehicles [1-3]. Due to the change in the position of the receiver coil, the
coupling coefficient between the transmitter coil and the receiver coil in the WPT system decreases,
resulting in a decrease in the received power and efficiency of the WPT system [4]. Therefore, the
position recognition of the receiver coil is the critical link to realize the stable operation of the WPT
system.

The multi-transmitter wireless power transfer system can increase the working area of the
transmitter and receiver coil under misalignment and improve the anti-offset performance of the
WPT system. Therefore, it has become a research hotspot of wireless power transfer. The self-
coupling between the transmitter coils of the array wireless power transfer system will affect each
other, reducing the performance of the system and increasing the difficulty of designing the
compensation network. Cross-coupling can be reduced by setting a considerable distance between
adjacent transmitters. However, excessive spacing between transmitters will cause power and
efficiency fluctuations, resulting in unstable power transfer of the WPT system [5-7]. The design of a
magnetic coupler with unipolar and multi-stage coils helps to reduce the self-coupling between the
transmitters [8,9]. According to [10], the coaxial resonant coil adopts a three-layer shielding structure,
and the non-coaxial resonant coil adopts a double-layer shielding structure, which can reduce the
cross-coupling between the coils. Through the circuit structure design, multiple receivers work at
different resonant frequencies, and the corresponding compensation network is designed according
to the receiver coil to enhance the selectivity of the receiver coil to the specific frequency power, which
can avoid the adverse effects of mutual coupling between multiple receiver coils [11-13]. Decoupling
between receiver coils can also be achieved by using a controllable capacitor [14], the controllable
inductor [15], or the decoupling transformer [16] in the coupling coil to perform cross-coupling
impedance compensation. The controllable rectification control can be used to adjust the resonance
state of the secondary side [17,18]. Different strategies can be adopted from coupling structure, circuit
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structure, and control strategy to weaken or compensate for the system detuning problem caused by
array multi-transmitter coupling.

Whether it is a static or dynamic WPT system, the position detection technology of the receiver
coil is critical to improve the performance of the WPT system. The traditional method of obtaining
the position of the receiver coil includes sensor detection and adding auxiliary coils. The position
detection of the vehicle is realized by adding a magneto-resistive sensor between adjacent transmitter
coils [19]. According to [10], the bipolar coil is placed symmetrically on the unipolar coil to form a
natural decoupling. The position detection of the receiver is realized by monitoring the primary
current [20]. The receiver coil of the WPT system can also be positioned by GPS, infrared detection,
ultrasonic positioning, machine vision, radio frequency identification, image processing, and other
technologies [21-25]. However, by adding additional detection coils and sensors or using other
technologies, the cost and complexity of the WPT system will increase. According to [26], the position
of the receiver coil can be estimated by comparing the induced voltage in the transmitter coil during
the movement of the receiver coil. The position of the receiver coil in the WPT system can also be
estimated by calculating the amplitude and phase of the current in the transmitter coil [27-29].
However, these methods can only detect the position of the receiver coil in a single direction and are
unsuitable for planar position detection.

By constructing an offline training set as a reference, the algorithm is used to search the position
closest to the measured value, and the position estimation of the receiver coil on the plane can be
realized [30,31]. However, this method is easily affected by electromagnetic environment
disturbance. The position recognition of the receiving coil on the 2D plane can be realized by setting
12 sensor arrays [32]. By adding a detection circuit, the position detection of the receiving coil on the
plane can be realized [33]. However, these methods will increase the complexity and volume of the
WPT system. According to [34], the position identification of the receiver coil in the whole 2D plane
can be realized by detecting the current and voltage of the magnetic integrated structure. However,
the cross-coupling between multiple transmitter coils is ignored.

This paper adopts a 3x3 array transmitter with different overlapping surfaces and a cascade
mode of four inverters and nine transmitters. The mathematical model of mutual inductance between
the receiver and transmitter coils at different positions on the X-Y plane is established. A position
recognition method of the receiver coil on the X-Y plane based on the receiver coil current is
proposed.

2. Array multi-transmitter wireless power transfer system

There is cross-coupling between the transmitter coils of the array transmitter coil. The power
exchange between the transmitter coils increases the power loss of the WPT system and hinders the
transfer of power from the transmitter to the receiver. Therefore, the array transmitter coil needs to
be decoupled. The optimized 3x3 array transmitter coil is shown in Figure 1.

2.1. Array transmitter coils with different overlapping surfaces

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

Coil

/“
Aluminum | .
N 4 -Femte
shielding plate - -

Figure 1. Array of transmitter coils.
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This paper decouples by adjusting the overlapping area between two adjacent transmitter coils,
as shown in Figure 2. By changing the length L between the centers of two adjacent coils, the magnetic
flux w, of the coil-i is equal to the penetrating flux w, of coilj in size and the opposite direction to

realize the decoupling between two adjacent coils[35].

Yl Coil-i Coil-j

v

Figure 2. Schematic diagram of the horizontal arrangement of two coils.

Because the mutual inductance between non-adjacent transmitter coils can be ignored [36], the
mutual inductance between adjacent transmitter coils on the line and diagonal is obtained by
simulation in Figure 3. The simulation model of coil size is 300mmx300mmx10mm, the ferrite size is
300mmx300mmx5mm, and the aluminum plate size is 300mmx300mmx2mm. The ferrite is located
on the back of the coil, which increases the mutual inductance between the transmitter and receiver
coil and provides a low magnetoresistance path for the magnetic flux. The aluminum shielding plate
reduces the magnetic field leakage on the back of the coil and reduces external electromagnetic
interference. The receiver coil moves along the transmitter coil's adjacent straight and diagonal lines.
Due to the structure of the coil under linear movement and diagonal movement being identical, the
maximum mutual inductance between the coils is 75.2pH, the maximum mutual inductance between
the ferrite coils is 312.7uH, and the maximum mutual inductance between the ferrite aluminum plate
coils is about 324.6pH. Because the change of the overlapping area between the coils under the
diagonal adjacent coil movement is more significant than the straight adjacent coil movement, the
mutual inductance between the adjacent diagonal coils decreases significantly at the same moving

distance.
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Figure 3. Coupling coefficient variation curve between adjacent transmitters. (a) straight line (b)
diagonal line.

2.2. The connection mode of multiple transmitter coils and the cascaded topology of the inverter

The array of multiple transmitter coils is controlled by a single inverter single transmitter coil,
which has low transfer power and weak anti-interference ability. It is impossible to fully use the
cooperative work of multiple transmitter coils to realize wireless power transfer of multiple
transmitter single receivers. This paper proposes a 3x3 group logic and control strategy for array
transmitters. The logic switch control method of the multi-transmitter coil array can realize the
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cooperative work of any number of coils, connected dual transmitter coils, and adjacent four
transmitter coils. Without changing the coil topology, three different working modes of multiple
transmitter coils are switched by short-circuit jumper and open-circuit series switch. The block
diagram of the array multi-transmitter WPT system is shown in Figure 4.
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Figure 4. Structure diagram of array multi-transmitter system.

Four inverters control nine multi-transmitter coils to achieve conflict-free control to achieve any
four-coil adjacent working mode. The switching control of different working modes of the array
transmitter coil (Figure 1) is realized by four inverters, and the grouping logic of multiple transmitter
coils is shown in Figure 4. All switch components (1,2,3,4,1-1-1, 1-1-2, 1-3-1...) are AC contactor CJX2-
1810. The transmitter coil 5 is in the middle of the array of multi-transmitter coils for different four-
transmitter coil modes and is driven by a separate inverter B. For inverter A, four non-adjacent coils
need to be connected. Any coil can be connected and disconnected by an open-circuit series switch.
Inverters C and D are connected to the corresponding transmitter coils on the array of multiple
transmitters. The working mode of the transmitter coil can be divided into single transmitter, dual
transmitter, and four transmitters. In the single transmitter coil mode, the corresponding inverter
channel is selected by the position identification of the receiver coil, the open circuit series switch of
the target coil is closed, and the short circuit frequency division switch of the corresponding target
coil is disconnected, to realize the single power supply of the target coil. In the dual transmitter coil
mode, the corresponding inverter channel can be selected by identifying the position of the receiver
coil, and the corresponding dual transmitting coil can be closed by disconnecting the short-circuit
jumper switch of the target. In the dual transmitter coil mode, the power supply can be realized. In
the four-transmitter coil mode, the corresponding inverter channel can be selected by identifying the
position of the receiver coil and closing the open-circuit series switch to disconnect the short-circuit
crossing control of the corresponding four transmitter coil and the power supply of the four-
transmitter coil mode can be realized. The three working modes of the multi-transmitter coils and the
sequence number of the working coils are shown in Table 1.

Table 1. Operational coil mode division.
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5
Operational )
The sequence number of the work coil
mode
Signal-
] (1,2,3,4,5,6,7,8,9)
transmitter
Dual- (1/2)(1/4)(2/3)(2/5)(316)(475)
transmitter (4,7)(5,6)(5,8)(6,9)(7,8)(8,9)
Four-
] (1,2,4,5)(2,3,5,6)(4,5,7,8)(5,6,8,9)
transmitter

3. Receiver position recognition method for multi-transmitter WPT system

3.1. Circuit model analysis of multi-transmitter WPT system

The parameters of the transmitters and the compensation network in the equivalent circuit of
the multi-transmitters WPT system are theoretically symmetrical. The single transmitter of the multi-
transmitter WPT system in Figure 5 works in a single resonance:

(D
ZSD_«
]
o,
Figure 5. Equivalent circuit of a multi-transmitter WPT system.
According to Kirchhoff’s voltage law:
Z I Z, Z, || 1 U,
—Zcf ZT+ZCf Z, i [=] 0 (2)
0 Z, Z, || ip 0

The variables in the formula are defined as follows:
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Z,, = jo,L,
1
Z. =
“ ja)OLf
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Z,, = jo,M = jokLL,

Z,=R,+R, + jo, LR+

Jo,Cy
In the resonant state, the circuit parameters of the system can satisfy the following:
oL, = L
e
oLy =— 4)
0 Cy
L (L, —L,)C,
; 77

The current flowing through the resonant inductor Lf, the transmitter coil LT, and the receiver
coil LR on the LCC-S resonant network can be calculated:
joMU,—R C U(R +R,)

pipii

i
v Lﬁ (RL + Rx )
U
Iy = EAL R ijﬁUi (5)
oLy,
MU.

i

iRi I ——

(R+R,)L,

U, is the inverter output voltage of the i-th branch; M is the mutual inductance between the
transmitter coil and the receiver coil of the i-th branch. The mutual inductance between the
transmitter coil and the receiver coil is:

_ J(R+R) ©
(i)s U, 22,

The DC input voltage Ein, the compensation inductance Lf(i), the coil internal resistance Rs, and
the equivalent internal resistance Re=8RL/m2 is the rear stage circuit of the rectifier bridge are
determined. Monitoring the receiver coil current Is(i) can obtain the mutual inductance M(i)s between
the transmitter and receiver coils. The receiver coil current Is(i) correlates with the mutual inductance
M(i)s between the transmitter and receiver coils. The greater the mutual inductance value, the greater
the receiver coil current. The mutual inductance between the receiver coil and the different coils of
the transmitter can be obtained by substituting equation (8).

i

IyLy, (R, +R,) ol L

3.2. Circuit model analysis of multi-transmitter WPT system

The receiver coil is in the X-Y working plane of the array multi-transmitters WPT system. The
mutual inductance model of a single-transmitter signal-receiver coil is established to calculate the
mutual inductance between transmitter and receiver coils. As shown in Figure 6,bl is the inner
diameter of the coil, b2 is the outer diameter of the coil, and b is the equivalent radius of the coil.

bzh+@

5 (7)
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Figure 6. Single transmit-single receiver coil.

The diameter of the coil wire is D, the number of turns is N, and the relationship between the
outer diameter and the inner diameter of the coil is:

b, =b, +2ND (8)
The equivalent side length of the coil is b, the lateral offset distance of the centre line of the two
0(0,0,0)

square coils is d, the axial vertical distance is h, and the centre coordinates of the coils are

0'(0,d,h)

and , respectively, as shown in Figure 7. The mutual inductance between wires 1 and 1" is :

1

24d*+h?

b b
M (3 (2
M, _, ==1%|2 dx, dx )
1-1 471_ j_g_[g \/(XI _xz) 1 2

The mutual inductance value of the square coil is obtained.
M=M_ +M,, +M, +M,  AM +M,  +M, , +M,, (10)

The transmitter and receiver coil structure with no horizontal offset. The mutual inductance

Mo petween the primary and second coils is:

2N*p, b+~Nb* + 1 b+ K
[b In(
™ b+~2b*+h* h

The mutual inductance of the two square coils is the largest when the offset is zero. The two
square coils are horizontally offset, and the mutual inductance decreases with the offset increase.
Therefore, the position of the receiver coil can be estimated according to the different mutual
inductance values when the receiver coil is at various places in the working area of the array of
transmitter coils.

M, = Y+ (207 + 17 -2NB + 1 +h)] (11)

3.3. Position identification method of the receiver coil

The secondary coil current can obtain the mutual inductance between the primary receiver coil
and the transmitter coil, and the offset distance of the receiver coil relative to each transmitter coil
can be obtained by the mutual inductance model. Therefore, this section focuses on establishing a
mathematical model of the secondary coil current at different positions in the X-Y plane to realize the
position identification of the receiver coil. It is not easy to directly solve the mutual inductance
expression of the receiver and transmitter coils at different positions on the plane. This paper obtains
the mathematical model of mutual inductance between the receiver coil and different transmitter
coils in other places by polynomial approximation. The transmitter coils 1, 3, 7, and 9 are located at
the four corners of the array transmitter coil. The mutual inductance of the transmitter and receiver
coils changes significantly, and the electromagnetic interference is relatively small. The open-circuit
series switch and short-circuit cross switch on inverter A can realize the switching between the
transmitter coils. Therefore, the transmitting coils 1, 3, 7, and 9 are selected as the detection coils.
However, due to the limited effective coupling area of the transmitter coil, only selecting transmitter
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coils 1,3,7, and 9 as the position detection coils will lead to some weak coupling regions in the middle
region of the transmitter coil array. Since the mutual inductance between the transmitter and the
receiver coil caused by the change of the receiver coil position does not change much, the intermediate
transmitter coil 5 is selected to compensate for the weak coupling area of the multi-transmitter centre.
The mutual inductance values of the receiver coil at different positions in the working area plane of
multiple transmitter coils and other transmitter coils 1, 3, 5, 7, and 9 are calculated by Maxwell. After
inputting them as sample data, the equations are constructed to solve the mutual inductance
mathematical models corresponding to the receiver coils and different transmitter coils. The
calculation process of receiver and transmitter coil 1 is illustrated as an example. The mutual
inductance values of the receiving coil and the transmitter coil 1 at different positions on the working

plane are obtained and used as samples.
X = ['x13x23“':xm]T

Y=y, vl (12)

Z:[zl,zz,---,zm]r

The following binary polynomial function is used to fit the sample data:

X o P 4 o
Z= z axy ™ = Zaijx’_lyf_1 (13)
ij=1,1 i=1 j=1
1 1
X y Gy Gy 4y
x=|x y= yz A= ay Gy Oy, (14)
x‘p yq apl ap2 apq
The objective function can be expressed as:
Z=x"dy (15)

Solving the objective equation requires the coefficient matrix A. By repeating the above steps,
the mutual inductance mathematical models of the receiver coil and the transmitter coil at different
positions on the working plane can be obtained, respectively. The accuracy of the mathematical
model and the actual data is characterized by fitting the characteristic quantities RMSE(Root Mean
squared error) and R-square(Coefficient of determination).

RMSE =[SSE /1 = lZNIW,-(y,-—%) (16)
n i

SSE (Sum of Squares for Error): The closer the RMSE is to O, the higher the accuracy of the
mathematical model and the actual data, and the more reliable the data model is.
SSR  SST - SSE SSE

= =1- (17)
SST SST SST
The closer the R-square is to 1, the better the fitting between the mathematical model and the

experimental data is. SSR (Sum of squares of the regression); SST (Total sum of squares).

SSR:ZW:'()A’,'_)/,‘)Z (18)
i=l

R —square =

SST=3 w3, -7’ (19)

i=1
The mutual inductance of the receiver coil and different transmitter coils 1, 3, 5, 7, and 9 at
different positions on the same plane is obtained by finite element simulation. The mathematical
model of mutual inductance between other transmitting coils and receiver coils is established by
polynomial fitting :
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Mutual inductance ¢ 1 H)

e 200
o o 10 X(mm)
e

Figure 7. Mutual inductance curves of different transmitter coils and receiver coil. (a) transmitter coill
(b) transmitter coil3 (c) transmitter coil5 (d) transmitter coil7 (e) transmitter coil9.

According to Figure 7, the predicted values of the mutual inductance curves of the transmitting
coils 1,3,5,7 and 9 almost coincide with the simulated mutual inductance points. The RMSE of the
fitting equation of the mutual inductance curve between the transmitter coil 1, 3, 7, 9 and the receiving
coil is less than 1, the RMSE of the fitting equation between the transmitter coil 5 and the mutual
inductance curve is less than 2, and the R square is more significant than 0.92, which is close to 1. It
shows that the mutual inductance model of each transmitter fits well with the mutual inductance
curve of each transmitter coil and receiver coil. The mutual inductance model has high reliability and
accurate data prediction.

Table 2. Evaluation parameters of data fitting characteristics.

Serial number RMSE R-square
1 0.6640 0.9232
3 0.9004 0.9455
5 1.7866 0.9498
7 0.9974 0.9614
9 0.9946 0.9616

Figure 8 shows that the mutual inductance curves of the receiver coil and the transmitter coil
1,3,5,7,9 intersect on the working plane 100 mm above the transmitter coil, and transmitter coil 5
effectively compensates for the weak coupling region in the array transmitter coil.

Mutual inductance ( 1 H)

500

400 = 400
300

Y(mm) : 100 — uu; ’ X(mm)

Figure 8. Mutual inductance fitting curve of different transmitter coils and receiver coil.

Therefore, the receiver coil is on the plane with a height of / on the transmitter coil, and the

centre of the receiver coil is (/) . Through the open circuit series switch and the short circuit jumper
switch, the transmitter coils 1,3,5,7 and 9 are turned on, respectively. And the receiver coil current is

monitored and recorded when the receiver coil is in position(i’j ) to turn on the transmitter coils
1,3,5,7 and 9. The mutual inductance value M1s, M3s, M5s, M7s, and M9s of the receiver coils and

different transmitters is obtained by formula (6), and the corresponding position of the receiver coil
can be solved by formula (20).
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Obtain the effective current values /1. f5. Ir. Ir. I»
of the receiver coil .

!
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position of the receiver coil.

END

Figure 9. The flow chart of the receiver coil plane position recognition algorithm.

4. Experimental verification

According to the current calculation of the receiver coil, the mutual inductance values of the
receiver coil and different transmitter coils at different positions on the same plane are obtained, and
the offset distance between the receiver coil and other transmitter coils is determined. The receiver
coil position recognition algorithm ensures the centre position of the receiver coil. This paper will
verify the feasibility of the planar position detection scheme based on the array multi-transmitter
WPT experimental platform. The parameters of each channel device on the primary side are
theoretically completely symmetrical. The primary/secondary coil is square, with an outer diameter
of 300mmx300mm and an inner diameter of 100mm x 100mm. The coil self-inductance Lp is
102.48uH, the primary side compensation inductance Lf is 45.18uH, the primary side parallel
compensation capacitor Cf is 77.932nF, the primary side series compensation capacitor Cp is
60.994nF, the secondary series compensation capacitor Cs is 34.211nF, and the load resistance is 10€.
The operating frequency of the inverter is 85kHz, and the phase of the inverter that opens the
transmitting coil 1,3,5,7,9 is consistent.

Figure 10 is the schematic diagram of receiver coil position detection. The centre point of each
primary side transmitter coil is S1, S2, S3, S4, and the coordinate origin is the centre point of the
working area. To avoid losing generality, select the representative position of the centre point of the
receiver coil in the detection area, the centre point of the working area D1, the side vertex D2, the side
midpoint D3, and the diagonal quarter point D4.
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Figure 11. Schematic diagram of receiver position detection.

The current waveforms of the primary side transmitter coil 1,3,5,7,9 and the receiver coil in
different positions of the array multi-transmitter WPT system are shown in Figure 12. The practical
value of the receiver coil current is brought into the equation (6). The mutual inductance values of
the secondary coil and the transmitter coils 1,3,5,7, and 9 can be obtained. Due to the measurement
error and the difference in coil parameters, when the receiver coil is located at D1, the corresponding
receiver coil current parameters are different when the transmitter coil is turned on 1,3,7 and 9,
respectively. But they are consistent. The calculation results agree with the mutual inductance values
of the receiver coil and each transmitter coil obtained by Maxwell.
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The receiver coil current can effectively obtain the mutual inductance between the receiver and
the transmitter coils. The next step is to verify the algorithm for detecting the position of the receiver
coil. Five target points in Figure 12 are selected to conduct the original transmitter coil in turn, and
the practical value of the receiver coil current is obtained. Put the practical value of the receiving coil
into the formula (6). The mutual inductance can be obtained between the receiver and transmitter
coils at different positions. According to formula (11), the offset distance corresponding to the mutual
inductance value between transmitter and receiver coils can be obtained. For different transmitter
and receiver coils, the coordinates of the centre point of the receiver coil are solved by the mutual
inductance mathematical model equation (20) proposed in this paper. In addition, by measuring the
current of the receiving coil at different positions 10 times, the RMSE of the position recognition
algorithm is calculated to measure the effectiveness and accuracy of the algorithm.

It can be seen from Table 3 that the RMSE of different target position points is slightly different,
but the difference is not significant, indicating that the position detection method in this paper can
obtain the position of the receiver coil in the effective detection area. The estimated RMSE of the target
points D3 and Ds are greater than those of D1 and D:. The target point D1 and D: are located at the
centre of transmitter 5 and transmitter 3, and the interference of the detection algorithm is slight. The
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target points Ds and Ds are greatly disturbed by the system. Finally, the experimental prototype of
the array multi-transmitter WPT system is built, and the current of the receiver coil is obtained under
different working conditions when the transmitter coil and the receiving coil are opened to different
positions of the working plane. In addition, the receiver position identification method of the array
multi-transmitter wireless power transfer system proposed in this paper has also been verified. Due
to the difference between the compensation network and the transmitter coil parameters, as well as
the difference with the design parameters, the RMSE of different target points will be different, but
they are all within a reasonable range. It can be seen from Figure 13 that the difference between the
detection results of each target point and the accurate coordinates is insignificant. The experimental
results show the effectiveness of the receiver position detection method proposed in this paper.

Table 3. Main parameters of receiver coil position estimation in MC-WPT system.

Target Point D1 D> D3 D4
Real coordinates
(225,225) (0,450) (225,450) (337.5,112.5)
/mm
M 5.7 1.7 1.8 3.7
mutual Ms 6.2 25.1 8.8 1.9
inductance Ms 255 5.9 6.9 12.5
M/uH My 5.7 0.8 15 12.6
Mo 6.3 2.1 8.6 3.9
d1 318.20 450 503.12 353.76
ds 318.20 0 225 477.30
Offset
ds 0 318.20 225 159.10
dl/mm
dz 318.20 636.40 503.12 159.10
do 318.20 450 225 355.76
(232.82, (- (24247, (351.24,
Estimated
223.79) 8.57, 463.82 434.78) 126.67)
coordinate /(x, y) N

Estimated RMSE

oo v) (7.35,5.84) (9.54,12.39)  (20.46,16.83)  (25.48,19.67)
X,y
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Figure 13. Simulation results of multi-target detection points.


https://doi.org/10.20944/preprints202309.0930.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 September 2023 doi:10.20944/preprints202309.0930.v1

15

5. Conclusion

This paper proposes a method of detecting the position of the receiver coil on the X-Y plane
based on the secondary coil current. The current of the receiver coil determines the offset distance
between the receiver coil and a single transmitter coil. The mathematical model of mutual inductance
between the receiver coil and the transmitter coil at different positions on the working plane is
obtained by polynomial approximation, which can realize the positioning of the receiver coil at
different positions on the working plane in the array multi-transmitter WPT system. Finally, an array
multi-transmitter WPT system prototype is constructed. By adjusting the different positions of the
receiver coil on the working plane through the rocker arm mechanism, the other transmitter coils are
opened to obtain the current of the corresponding receiver coil. The current value is substituted into
the position detection method of the receiver coil to estimate the position of the receiving coil and
compare it with the actual position of the receiver coil. The correctness of the proposed receiver
position identification method for an array multi-transmitter wireless power transfer system is
verified.
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