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Abstract

We investigate the human-body equivalent antenna with improved induced current
distribution. The human-body equivalent antenna is designed based on the numerical analysis. The
induced current of the antenna shows good agreement with that of numerical human model. The
validity of the numerical result is verified by comparison with experimental result. Consequently,
effectivity of the proposed antenna is shown.
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1. Introduction

Biological effects due to radio wave exposure are dependent on frequency, and thermal
effects are dominant in high frequency region higher than about 100 kHz [1]. Furthermore, whole
body resonance phenomena arise in VHF band (30-300 MHz) when the electric field is parallel to
the human body’s height and the wavelength is about twice the height of the human body. Because
the power absorption by the human body could be maximum at the whole-body resonance, the
radio-frequency (RF) safety guidelines recommend the most strict exposure limits in VHF band.

The whole-body resonant frequency is about 70 MHz for an adult human body in free space.
The resonant frequency shifts to about 40 MHz due to the mirror effect when the human body
stands on the ground [2], [3]. At the whole-body resonance for a human body who stands on the
ground plane, local SAR becomes very high at ankles and sometimes exceeds the guideline limits in
terms of the local SAR for extremities. The guidelines set additional limits in terms of the induced
ankle current because the local SAR at ankles can be estimated from the induced ankle current. So it
iS necessary to measure induced ankle current.

However the measurement methods for the induced ankle current have neither been
established nor standardized. Furthermore, considering the ethical issues; for very high-field
strength exposure we cannot use human subjects in measurements. Therefore, the use of a surrogate
of a human body in measuring the induced ankle current for very high-strength exposure conditions
becomes necessary. Although some human-body equivalent antennas have been proposed and
developed. We focus attention on a liquid type human-body equivalent antenna [4].

We therefore propose a liquid type human-body equivalent antenna with improved induced
current distribution. The NaCl solution was employed as a liquid for the antenna because it is easy
to make and control its electrical properties. The developed antenna consists of several acrylic
rectangular blocks which are filled with NaCl solution. The developed antenna is easy to
manufacture and adjust electric properties. In this presentation, we demonstrate the design of the
antenna based on the numerical simulations and the comparison with the numerical results and the
measured.



2. Numerical analysis of human-model equivalent antenna
2.1 Numerical human model and proposed antenna model
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Figure 1: Realistic-shape human model of Japanese adult male (left),
The proposed human-body equivalent antenna (right)

Figure 1 shows realistic-shape heterogeneous human model of Japanese adult males of
average height and weight [5]. The model consists of cubes with 2 mm on a side and is segmented
into 51 anatomic regions. The electrical properties corresponding to the tissues are taken from
different studies [6]. In this study, the induced current of the human-body equivalent antenna is
compared with the reference value.

The human-body equivalent antenna, as shown Figure 1, is designed based on the numerical
analysis that the induced current on conductivity and cross section area of the antenna.

2.2 Calculation methods and conditions
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Figure 2: Calculation model of exposure to E-polarized plane wave.

The finite-difference time-domain (FDTD) method is used to evaluate the induced currents
of the human-body equivalent antenna and the realistic human model. The calculation model for
each exposure condition is described as below.

Exposure to plane wave: Figure 2 shows a calculation model for exposure to E-polarized
plane wave. The incident power density is 1 mW/cm?, which is the reference level for occupational
exposure to electromagnetic fields in the VHF band [1]. The realistic human model is also set at the
same position of the human-body equivalent antenna shown in Figure 2. The cell size of the
calculation region for the human-body equivalent antenna and the homogenous human model is 5 X
5X5 mm?® and that for the heterogeneous human model is 2 X2 2 mm®. Perfectly-matched-layer
(PML) boundary conditions (8 layers) [7] are employed as absorbing boundary conditions. The
PML boundary conditions are set 200 mm apart from the nearest parts of models. A frequency is set
at 40MHz which is the whole-body resonant frequency for a Japanese adult male on the ground. In
this study, induced ankle current is calculated as

1(t) = §H-ds )



2.3 Result
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Figure 3: Induced current distribution of the human-body equivalent antennas and their

corresponding human models at frequency of 40MHz.

Figure 3 shows that the induced current distribution of the antenna better with that of
numerical human model than the previous antenna [8]. The model of the previous antenna is a
rectangular acrylic case and used only one liquid. This result shows that the using several different
liquid and changing cross section can improve an induced current distribution of the antenna.

3. Experimental validation using monopole antenna
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Figure 4: Measurement system (left), the human-body equivalent antenna (right)
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In order to validate the performance of the proposed antennas, we carried out experiment
when the equivalent antennas are exposed to electromagnetic fields from nearby monopole antenna.
The measurement system is shown in Figure 4(left). The monopole antenna whose height is a
resonant length (1577 mm) of 45 MHz is used as a transmitting antenna. The output power is 5 W.
The induced currents were measured using clamp-type induced current meter, HI-3702, ETS-
LINDGREN (9 kHz-70MHz). The human-body equivalent antenna is shown in Figure 4(right). The
antenna is filled with four NaCl solutions different. The antenna is comprised of six antenna blocks.
There are four kinds of antenna blocks and is made of acrylic and metal.



3.1 Comparison with the numerical analysis and experiment
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Figure 5: Calculation and measured values of the induced current of the human equivalent antenna
exposed to the near-field of the monopole antenna.

Figure 5 shows the induced current distribution of the numerical result is good agreement
with that of the experimental result. This result confirms the validity of the numerical assumptions
used in this work and the performance of the proposed antenna

4. Conclusion

This paper has an investigation of the human-body equivalent antenna for estimation of the
induced current. First, the human-body equivalent antenna was designed based on a result of the
numerical analysis of the changed conductivity and cross section. The result of numerical analysis
showed that the induced current distribution of the antenna better agreement with that of numerical
human model than that of the previous antenna. Second, the validity of the numerical result verified
by comparison with experimental result. Consequently, effectively of the proposed antenna is
shown.
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