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Abstract—In this paper, we proposed a deep neural network
(DNN)-based estimation of EMI reduction by an intermediate
(Int) coil in automotive wireless power transfer (WPT) system.
The Int coil can reduce electromagnetic interference (EMI) level
in the WPT system with the proper resonant frequency of the
Int coil. The previous study has explained the resonant
frequency of the Int coil should be higher than the operating
frequency. According to the resonant frequency of the Int coil,
we can achieve the amount of EMI reduction. Therefore, the
design of the Int coil is essential for optimization of the EMI
reduction of the automotive WPT system. However, it is
impossible to get the optimized results of EMI reduction by
simulations. The proposed DNN-based estimation method can
predict the amount of reduced EMI level in real cases consisted
of ferrites and shielding structures.
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I.

INTRODUCTION
Fig. 1. Wireless power transfer system consists of a transmitter (TX)
coil, a receiver (RX) coil. The magnetic flux generated from the TX coil
induces the voltage on the RX coil by coupling the magnetic flux. The
parameter of coupling factor between the coils is coupling coefficient.
If the coupling coefficient is much less than 0.1, the WPT system is
called loosely-coupled WPT system. In the loosely-coupled WPT
system, the leakage magnetic field which does not penetrate into the RX
coil can be fatal noise source to electrical devices. The noise called
electromagnetic interference (EMI) is generated by the current of
inverter output

Nowadays, wireless power transfer (WPT) technology has
become one of the most important technology for many
electronic devices such as smartphone and automotive. In
general, for the short charging distance application, which is
called tightly-coupled WPT system, lots of research and study
have been released for many years. However, for long distance
WPT system, which is called loosely-coupled WPT system,
there are a few issues of high level of electromagnetic
interference (EMI). As depicted in Fig. 1, the harmonic
frequency component generated from the inverter occurs EMI
issues to the electronic devices. For instance, for AM radio
receiver, EMI can be fatal problems to electrical components
[1]. Therefore, when the range of high operating frequency is
used, EMF and EMI issue is occurred seriously.
For reduction of EMF and EMI level for the looselycoupled automotive WPT system, some of research have been
investigated. One of the previous works introduced harmonics
elimination method using a sinusoidal PWM control called
spread spectrum technology [2]. However, this previous work
cannot be used in loosely-coupled WPT system due to the low
coupling coefficient. In the other studies of EMI reduction
method, they showed active shielding method, passive
shielding method, and shielding method using additional coil
[3]-[5]. Although the research proposed EMF and EMI
shielding method for the WPT system carried out good results,
the efficiency of the WPT system was decreased.

Fig. 2. By the Int coil, EMI level of the WPT system can be reduced
according to the resonant frequency of the Int coil.

When we use the simulation to achieve the efficiency and
EMI level of the WPT system, as shown in Fig. 4, the
conventional method is complicated. At first, 3D EM
simulation is needed to extract data of design parameter such
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as coupling coefficient, inductances and resistances. Secondly,
put extracted data into the circuit simulation to achieve the
amplitude and phase of current flowing through the coils at the
3rd harmonic frequency. Finally, in the 3D EM simulation,
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Fig. 3. A deep neural network (DNN) model to estimate EMI reduction by the Int coil for automotive WPT system. The input parameters can be width of
Tx and Rx coils, the number of turns of each coils, the location of the Int coil and the tuning capacitance of the Int coil. By the DNN model, the Emi level
can be estimated.

Fig. 5. DNN model to estimate EMI level reduction by the Int coil for
automotive WPT system. The proposed model is achieved by the
Bayesian Optimization method to get optimized model. The proposed
model consists of two hidden layers and 15 nodes in each layer.

Fig. 4. By the Int coil, EMI level of the WPT system can be reduced
according to the resonant frequency of the Int coil.

hidden layer is only needed two layers and 15 nodes are
required enough for EMI data training.

the information of amplitude and phase is applied to each coils
and we can achieve the EMI level. For extraction of optimized
reduced EMI level needs iterative process. It takes lots of
unessential time and it does not assure this EMI level is
optimized value.

B. Extraction of Test Data
Fig. 6 shows the simulation model for data extraction. The
Tx, Rx coils and shielding structures are designed followed by
SAE J2954 documents [6]. In automotive WPT system, it
consists of the Tx, Rx coils and aluminum shielding structures.
The distance between the Tx and Rx coils is 20 cm. The
number of data is shown in Table Ⅰ. The number of turns of
the Tx, Rx and Int coils, the air gap between the Tx and Int
coils, and resonant frequency of the Int coil is used for DNN
training design parameters. The total number of extracted data
is 2700 and 1728 data is used for DNN training.

For several years, the machine learning research area has
become rapidly most important for all research. Among a lot
of machine learning, the deep neural network (DNN) has been
used to estimate the results. In this paper, we used the Int coil
as depicted in Fig. 2 and we proposed the deep neural network
(DNN)-based estimation method of EMI reduction by an Int
coil for automotive WPT system. The DNN model was
proposed to estimate how much EMI was reduced. By using
the DNN model, we can estimate EMI reduction ratio
according to the design of the Int coil.

III. RESULTS OF DNN-BASED ESTIMATION OF EMI
REDUCTION

II. PROPOSED DNN MODEL FOR ESTIMATION OF EMI
REDUCTION BY AN INTERMEDIATE COIL IN AUTOMOTIVE
WPT SYSTEM

We used Tensorflow for training the DNN model to
predict the EMI level. Fig. 7 shows mean absolute error (MAE)
and mean square error (MSE) respectively. The MAE and
MSE are 0.29 % and 2.55 % which mean the data was trained
accurately. The Fig. 7 indicate the trained data was not
overfitting trained.

A. DNN model for EMI Reduction Estimation in
Automotive WPT System
Fig. 3 depicts the general DNN model for EMI reduction
in automotive WPT system. The input parameters are resonant
frequency of Int coil, the number of the Tx, Rx and Int coils,
and the information of Int coil location. The DNN model
consists of two hidden layers and each hidden layer has 15
nodes shown in Fig. 5. This DNN model is achieved by
Bayesian Optimization method for model optimization. The

Fig. 8 shows the result of DNN training. By the proposed
DNN model, we can estimate the EMI level reduction ratio.
The number of test data is set only 100, however, it shows
enough reliable results.
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Fig. 7. (a) Mean absolute error (b) Mean square error

(b)
Fig. 6. (a) The simulation model for data extraction to train the DNN
model. The structures are designed followed by SAE J2954. (b) The
design parameters of the Tx, Rx and Int coils for extraction of test data.
The total number of extracted data is 2700 and 1728 data is used for
training data.
TABLE I
THE NUMBER OF TRAINING DATA

Data

Number

Total Data

2700

Training Data

1728

(b)

Validation Data

432

Fig. 8. Estimation of amount of EMI reduction by using the proposed
DNN model.

Test Data
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system with EMI reduction method and this DNN model can
estimate the amount of EMI level reduction accurately.
IV.

CONCLUSION

In this paper, we proposed the DNN model to estimate the
EMI reduction by the Int coil. Using only the simulation tools
and modeling of WPT system and Int coil, it is impossible to
estimate and optimize EMI level reduction ratio. Using
conventional method, it needs lots of time and do not assure
the result value is the best value.
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However, when applying the machine learning to WPT
system, we can estimate the EMI level and able to optimize
the WPT system from training data. This paper is worth
because it is the first time to apply the DNN model to WPT
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