Induced Current Calculation in Detailed 3D Adult
and Child Model for the WPT Frequency Range

Hye-Jin Song, Hansu Shin, Hyang-Beom Lee, Jae-Hun Yoon and Jin-Kyu Byun
Department of Electrical Engineering, Soongsil University
369 Sangdo-Ro, Dongjak-Gu, Seoul, 156-743, Korea
jkbyun@ssu.ac.kr

Abstract—In this work, induced current density in the high-
resolution 3D adult and child model, which is the basic restriction
of the EMF (Electromagnetic Field) protection guideline, is
calculated. The models are exposed to magnetic fields between
100 kHz-10 MHz, which is also the frequency range of the
resonant WPT (Wireless Power Transfer) systems. For this
frequency range, it is difficult to apply conventional FDTD
(Finite-Difference Time-Domain) method for bioelectric field
computation. Thus, the induced current distribution is calculated
using quasi-static FDTD method to reduce the number of time-
steps. Using the calculation results, the feasibility of the magnetic
field reference levels in the ICNIRP (International Commission
on Non-lonizing Radiation Protection) guidelines are analyzed.

Index Terms—Bioelectric phenomena, biomagnetics, dosimetry,
finite difference methods.

[. INTRODUCTION

As the technologies such as middle-range resonant WPT
(Wireless Power Transfer) advance that utilizes low-frequency
magnetic fields, the importance of safety for such low-
frequency magnetic fields is growing. The research on the
effect of electromagnetic field on the human body has been
mainly focused on the a few GHz range of mobile phones, or
50-60 Hz range of electric power systems. On the other hand,
there has been relatively few works on the dosimetry of
magnetic fields in the 100 kHz-10 MHz frequency range used
in the resonant wireless power transfer systems. Since there is
a difference in the limiting values of magnetic fields between
widely used ICNIRP guideline and IEEE C95.1 standard, there
can be possible confusion when establishing EMF
(Electromagnetic Field) standard on the wireless power
transfer device in the future. Thus, it is necessary to study
magnetic field dosimetry for various 3D human models in 100
kHz-10 MHz. For this frequency range, it is difficult to apply
conventional FDTD (Finite-Difference Time-Domain) method
for bioelectric field computation, because the number of time-
steps increases exponentially to satisfy the Courant stability
condition. Thus, quasi-static FDTD method is used in this
paper to reduce the number of time-steps considerably. Using
the calculation results, the feasibility of the magnetic field
reference levels in the ICNIRP (International Commission on
Non-Ionizing Radiation Protection) guidelines are analyzed.

II. QUASI-STATIC FDTD METHOD

In this chapter, quasi-static FDTD method that is used for
induced current calculation in the human models is reviewed
[1]. Since the size of time-step is determined by Courant
stability condition in the conventional FDTD method, the
number of time-steps to simulate several periods increases

prohibitively in the low-frequency range when the voxel size is
very small, which is often the case in the detailed 3D human
models. Using the quasi-static FDTD method, the number of
time-steps can be decreased considerably while maintaining
the simplicity of FDTD scheme [1].

For a quasi-static system, the size of the analysis domain
should be smaller than 10% of the wavelength, and the
following condition should be satisfied,

|O' + ja)5| > we, 1)
where o is tissue conductivity, & is tissue permittivity,
®=2rf is angular frequency, and &, is permittivity of free
space. Under these conditions, the electromagnetic field
outside the biological tissue (or the field in the free space) has
the same phase as the incident field, while the field inside the
biological tissue has the same phase as the time derivative of
the incident field [1]. Thus, if a ramp function is used as an
incident field, the fields outside the tissue change linearly,
while the fields inside the tissue remain constant. Hence, if the
starting waveform of time-harmonic electromagnetic field with
very long period is approximated by a ramp function, the
steady-state electric and magnetic field inside the biological
tissue can be calculated by storing fields at two time steps after
the steady-state has been reached. Since the steady-state of the
quasi-static system can be reached in much shorter time than
one full period, the electromagnetic field distribution in the
analysis domain can be determined in a very small time
portion of one period. To suppress the harmonic components
of the incident field, the modified ramp function is used as
follows,
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where 7 is about 100A¢ in general cases.

III. INDUCED CURRENT CALCULATION IN HUMAN MODELS

In this chapter, quasi-static FDTD method is applied to
induced current calculation in detailed 3D human adult and
child models, and the results are analyzed. For this work, male
adult and child models in the virtual family voxel models were
used (Fig. 1) [2]. The “Duke” model (174 cm) is from MRI
data of 34-year-old male, and the “Thelonious” model (107
cm) is from those of 6-year-old male child. Both models have
more than 70 distinct biological tissues, and for electric
parameters of tissues, the values from C. Gabriel were used [3].



Fig. 1. Detailed 3D human models (34-year-old and 6-year-old) and their
internal structure.

The voxel size of the models can be adjusted as needed,
and 5*5*5 mm models were used in this work. The models are
exposed to 100 kHz-10 MHz magnetic field, which is the same
frequency range used in the resonant wireless power devices.
To account for maximum exposure situation, the direction of
the magnetic fields are set to be perpendicular to the maximum
cross-section of human models (-y direction in Fig. 2 and 3).
Also, for reference, the same magnetic flux density of 30.7
pT , which is the occupational exposure limit for low-

frequency in 1998 ICNIRP guideline, was used in all cases.
Since the grounding condition of both feet can have some
effect on the induced current distribution, 2 grounding
conditions are considered; when both feet are in contact with
PEC (Perfect Electric Conductor) ground plane, and when
there is no PEC ground plane for both feet.

Fig. 2. Induced current density distribution in 34-year-old human model for 2
different grounding conditions (10 MHz magnetic field exposure).
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Fig. 3. Induced current density distribution in 6-year-old human model for 2
different grounding conditions (10 MHz magnetic field exposure).

From Fig. 2 and 3, it can be clearly seen that the induced
current near the ankles and the legs is increased when both feet
are grounded. Finally, Fig. 5 shows maximum value of induced
current in human models between 1-10 MHz. The maximum
induced current increases linearly as frequency increases, and
maximum current at 10 MHz is about 4 times larger in the
adult model compared to that of child model. Based on
simulation results, the detailed analysis of the reference levels
in EMF guidelines will be given in the extended paper.

10MHz magnetic feld exoosure(30.1uT)

Height 175m, Age Mo, GenerNele

10MHz magnetie fied exposure(30.7uT)

Heigh:*18cm, Agaim, Gendarale

Height B
om) g

i

L

— NoGround
- Bl Fegt Grounded

—No Ground
Bofh Feet Grounded

T f T T T T T 0 LI s e s
0D 00 oW L T | R T A

A Lind

(a) (b)
Fig. 4. Distribution of z-component of induced current (7, ) along z-axis in

human models for 2 different grounding conditions (10 MHz magnetic field
exposure). (a) 34-year-old model. (b) 6-year-old model.
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Fig. 5. Maximum induced current for adult and child human models for
frequency range between 1 MHz and 10 MHz.
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