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Abstract The finite difference time domain(FDTD)
method is widely used for analyzing various electromagnetic
problems including an interaction between antennas and
human body. The FDTD method provides the accurate results
in most case, however, a number of iteration times for
obtaining the EM response increase dramatically in low
frequency range when fine mesh is used. This is due to the
Courant stability condition. This paper proposes a predicting
technique of the steady state responses not performing a long
time FDTD calculation by applying the auto-regressive
moving average (ARMA) model to input/output signals. The
effectiveness of the method is numerically confirmed by
calculating the EM fields radiated from a loop antenna for
wireless power transfer system.

Index Terms — FDTD method, ARMA algorithm, WPT

1.

The FDTD method has been applied to various
electromagnetic problems in the fields of antennas,
microwave, and electromagnetic compatibility including
interaction between the EM fields and the human body,
because the modeling algorithm is simple and a practical
level of the accuracy can easily be obtained[1],[2].
However, applying the fine —mesh FDTD to the very
slowly EM field problem such as the wireless power
transfer system at MHz and/or kHz frequency band, the
number of iteration times increase dramatically because of
the time step At reduces to a very small value due to the
Courant stability condition. For example, At=9.5 ps for a 5
mm cubic cell, hence more than 100,000 times iterations
are needed only for one time period calculation for | MHz
signal. Moreover, it is usual that the EM fields reach steady
state after few periods at least. On the other hand, it has
been shown that the eigenmode characteristics propagation
in the periodic structure can be obtained accurately by
applying the auto-regressive moving average (ARMA)
estimator to the time domain signals that is calculated by
the FDTD method [3]. The ARMA estimator has also been
applied to the FDTD analysis of dipole antenna placed near
the lossy layered sphere [4].
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In this paper, ARMA/FDTD method is applied to analyze
the rectangular loop antennas used in the MHz band
wireless power transfer system.[6] Antennas are placed
near the four lossy layered medium that is a model of
human body. It will be shown the steady state
characteristics can be estimated accurately and efficiently
by combining the ARMA model and FDTD method.

2.  ARMA algorithm

In the narrow band antenna system and/or structures such
as metamaterial and waveguides in which the surface wave
is dominant, time domain data come down to zero
extremely slowly. As a result, the Fourier transform cannot
be used to obtain the frequency domain feature. To
overcome this difficulty, the ARMA model used in the
signal processing area can be utilized to process the time
domain data. The transfer function of the linear system is
modeled by
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(1)

where X(z) and Y(z) are z-transform functions of the input
signal x(i) and output signal y(7) that is calculated by the
FDTD method , respectively. The constant Ts in the
variable z=exp(-jwTs) is a sampling time. a;(7=0,1,...,q) and
bi(i=1,2,...,p) are the unknown coefficients that are
determined by the input/output signals. Transforming
(1) ,we obtain the output signal y(n) at =nTs as follows.

V4 q
y(m) ==Y by(n—i)+Y_a;x(n-j)

i=1

2

=0

3. Calculations of EM fields

The geometry of the problem considered here is illustrated
in Fig.1. The two rectangular loop antennas are placed
parallel to the human body model at a distance of 30 mm,
which are transmitting antenna fed by a delta-gap voltage
having a 50 Q inner resistance and receiving antennas of
the wireless power transfer system, respectively. The 13-
turn coils lies on the same plane of each antenna. The



human body consists of skin, muscle and bone. The values
of constitutive parameters are indicated in Fig.1 as well.
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Fig.1. Analysis model

First of all, we estimated the transfer function (1) using
eq. (2), where input signal x(f) is chosen as an incident
voltage v(f) at the feed point, and its wave form of v(f) was
set

i <t<
o) ={Slr(1)wpt O?Q}%f” 3)

The output signal y() is the electric field calculated by the
FDTD method. The frequency characteristic of the
predicted transfer function in the skin region is shown in
Fig.2. It is found that the ARMA/FDTD method is agree
extremely well with the one calculated by the original
FDTD over the wide frequency range. The required number
of time steps was 80,000 when a 5 mm cubic cell is used.

The steady state EM fields at w=wy can be calculated
simply by Re [H (wo)]. The x component electric fields at
the frequency of 5.5 MHz in the skin, muscle and bone
calculated by the ARMA/FDTD method and the original
FDTD method are shown in Fig.3. It is found that both
results agree very well each other. In the original FDTD
calculation, the number of time steps was 1,900,000. Thus
the requited time steps have been reduced to 1/24.
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Fig.2. Predicted transfer function in the skin
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4. Conclusion

In this paper, we have applied the ARMA/FDTD method
in order to reduce the computation time for precisely
predicting the steady state EM fields in the human body
placed near the loop antennas used for the wireless power
transfer system. It has been found that the computation time
was reduced to 1/24 comparing with the original FDTD
method for the treated model in this paper. We consider that
this method can be applied to many problems that contain
very low frequency spectrums.
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