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Abstract— The commercial wireless terminal is usually hold in 
the vicinity of a human body, it is needed an attention for the 
specific absorption rate (SAR) in an abdomen. In addition, the 
electromagnetic (EM) waves from the wireless terminal pene-
trate a deep region of body, because the wavelength of the EM 
waves of the wireless terminal operating in VHF band is longer 
than those of a cellular phone operating in the GHz band. In this 
paper, to evaluate the SARs of a male and a female when they 
are wearing a wireless terminal on their abdomens, we calculated 
the SAR in the abdomen using the numerical human model ex-
posed to EM waves from several positions of a normal mode heli-
cal antenna (NHA) with a metallic case. 
Key words: commercial wireless terminal, NHA, SAR, numerical 
human model 

I. INTRODUCTION 
The radio frequency (RF) devices which are usually used in 

the vicinity of a human body have been increasing. Therefore, 
it is necessary to evaluate the interaction between the electro-
magnetic (EM) wave and the human, because it might be ex-
pected that human body is exposed to the EM waves radiated 
from the RF devices. Here, the influence of the EM waves on 
the human body is dependent on the frequency [1]. The EM 
waves mainly contribute the heat effect, which is generated by 
the absorption of the energy, above 100 kHz. The specific 
absorption rate (SAR) has been usually used for the primary 
dosimetric parameter of the EM waves exposure in the stan-
dards [2].  
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SAR E              [W/kg]                  (1) 

Where, is the conductivity of the tissue [S/m],  is the den-
sity of the tissue [kg/m3], and E is the electric-field strength (r. 
m. s.) inside the tissue [V/m].  

The SAR in the human body affected by EM wave from the 
cellular phones has been widely investigated [3], because the 
cellular phones are used in the vicinity of the human head. 
However, the SAR of using the commercial wireless terminal 
has not been investigated so much. The EM waves of these 
devices penetrate to the deep region of the human body be-
cause the wavelength of the EM waves of the device operating 
in VHF band are longer than those of a cellular phone operat-
ing in the GHz band. Therefore, it is necessary to evaluate the 
SAR of the human body, when they are wearing a wireless 
terminal on their abdomen.  

In previous studies [4], [5], the SAR of human body has 
been calculated by replacing the NHA with a half-wavelength 
dipole antenna, because it is difficult to model the NHA, of 
which configuration is complicated. In this case, the calcu-
lated SAR is multiplied by coefficient, which is induced by 
the magnetic field of human surface, for the correct SAR val-
ues. In addition, the studies have been investigated on the 
SAR calculation by use of the homogeneous phantom of ellip-
tic cylinder shape. However, the actual human body is hetero-
geneity and complicated shapes. Therefore, it is important to 
calculate the SAR by use of the actual wireless terminal and 
the high-resolution human model. 

The purpose of in this study is a detailed evaluation of SAR 
in the human body when wearing the wireless terminal. In 
previous studies, the SAR in the human body by use of the 
male model has been widely investigated. However, the SAR 
of using the female model has not been investigated so much. 
Therefore, the SAR in the human body is calculated using 
realistic high-resolution whole-body models of Japanese male 
and female [6] exposed to EM wave from the NHA with me-
tallic case. 

II. NHA MODELING 

A. Analytical model 
At the beginning step, in order to evaluate the SAR of the 

human body when wearing a wireless terminal, the NHA with 
metallic case was modeled. In addition, the SAR distributions 
due to the calculation of a NHA with metallic case in the vi-
cinity of the tissue-equivalent phantom were compared with 
the measurement for modeling’s validation of NHA.  

Figure 1 shows the NHA with metallic case at 150 MHz 
used for these calculations. It is composed of the NHA for 
amateur radio (D90-1018-35, by Kenwood Corporation, 
Tokyo, Japan) and the metallic case which simulates the ama-
teur radio terminal. Figure 2 shows the analytical model. The 
distance between the antenna and surface of the phantom is 
40.0 mm. The observation planes are at the surface of phan-
tom (plane-A) and horizontal plane of the phantom including 
the feeding point (plane-B). In addition, the observation lines 
are the line passing through the coordinate origin on parallel 
to the x axis (line-A) and directly under the feeding point 
along the y axis on the horizontal plane (line-B). Here, the 
coordinate origin is center of surface on the phantom. The 
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Fig. 1  NHA with metallic case. 
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Fig. 2  Analytical model. 
 
physical properties of the phantom are as follows: relative 
permittivity r is 50.81; conductivity  is 0.76 S/m; densi-
ty is 1,030 kg/m3. 
 

B. Numerical calculation 
In the numerical calculation, the electric fields (E-field) 

around the antenna are calculated by the finite difference time 
domain (FDTD) method. This technique is a well-known ef-
fective method for the calculation of the SAR as one of the 
EM analyses. The parameters of FDTD calculation employed 
in the abdomen in this study were as follows. The cell size of 
NHA was 0.1 mm, and the phantom to free space was 0.1–2.0 
mm. In addition, the helical structure of antenna was precisely 
modeled using 0.1-mm voxels (Fig. 1). Here, the coaxial cable 
used in the measurement was modeled as perfect electric con-
ductor. The absorbing boundary condition was the perfectly 
matched layer (PML) (eight layers). Here, the calculations 
were performed by own FDTD code. 
 

C. SAR measurement 
Figure 3 shows the SAR measurement system. The phan-

tom is a flat phantom filled by the tissue-equivalent liquid. In 
this study, the SAR distribution is measured using the DASY4 
system (ver. 4.7, by Schmid & Partner Engineering AG, Zu-
rich, Switzerland). This system is using the E-field probe me-
thod [7]. In this method, the SAR is evaluated by the mea-
surement of the E-field distribution inside the flat phantom, 
which is composed by a tissue-equivalent liquid and a shell, 
using the isotropic E-field probe. This method is generally  
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Fig. 3  SAR measurement system. 

 

TABLE I 
SAR MEASUREMENT SYSTEM 

Device Model number Manufacturer 
Signal generator SMIQ03B Rohde & Schwarz 
Power amplifier 100W1000B AR 

Robot RX90L Stäubli 

E-field plobe 
 

ET3DV6 Schmid & Partner 
Engineering AG 

 
used for the SAR estimation in the standards [8]. In addition, 
Table I shows the specification of SAR measurement system. 
 

D. Comparison of results 
Figures 4 (a) and (b) shows the calculated and the measured 

results of SAR distribution in the observation planes (plane-A 
and plane-B). Here, the radiated powers of the antennas are 
normalized to 1.0 W in both cases. In addition, the SAR dis-
tributions of plane-A and plane-B are 4.0 mm from the phan-
tom surface because of the limitation of measurement area of 
E-field probe. As shown in Figs. 4 (a) and (b), the SARs at the 
vicinity of the antenna feeding point are highest value at both 
calculated and measured results. In addition, the calculated 
and measured SARs are distributed at z  0 (position of metal-
lic case). This is attributed to the effect of a coaxial cable.  

Figures 5 (a) and (b) shows the SAR distributions on the 
observation line-A and line-B. As shown in Fig. 5 (a), the 
SAR of calculated result has similar tendency to the measured 
result on the surface of phantom. As shown in Fig. 5 (b), two 
results show similar tendency in deep portion of the phantom. 
The difference between the calculated and the measured result 
is within 5%. From these results, it has been observed that the 
measured SAR distributions agree well with calculated results. 
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Fig. 4  SAR distributions in the observation planes.                        
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Fig. 5  SAR distribution on observation line.                       
 

III. SAR CALCULATION USING NUMERICAL HUMAN MODEL 

A. Calculation model 
The validity of NHA modeling is proved when the meas-

ured SAR distributions agree well with calculated results. As 
the following step, the SAR of human body is calculated using 
numerical human models (male and female) exposed to EM 
wave from NHA with metallic case of two positions which is 
as follows: 

Case 1 is in the right side of the model’s waist. 
Case 2 is in the left side of the model’s waist. 

Figure 6 shows the calculation model. Here, Figs. 6 (a) and 
(b) are of case 2 as an example. In addition, the NHA was 
reshaped to simplify the calculation (Fig. 6 (c)). The helical 
structure of antenna was modeled using 0.5 mm voxels. The 
human models to free space were 0.5–2.0 mm. calculated re-
gions of male and female are 768 × 768 × 1,792 mm and 768 
× 768 × 1,668 mm. Figure 7 shows the horizontal planes of 
male and female of including the antenna feeding point. Posi-
tions of each feeding point are the same model’s lumber 
height in view of the wearing position of folder and belt. Dis-
tances between antenna and the surface of each model were 
kept at 40.0 mm in order to represent a realistic situation. In 
addition, for convenience of calculation, the model’s arms 
were cut off. Physical properties of the human models at 150 
MHz are referred to [9], [10]. 

 

768
768

NHA with 
metallic case

1,
79

2

z
y
x    

1,
66

8

768
768

NHA with 
metallic case

z
y
x  

(a) Male.                                             (b) Female.                     

5.
5

13
0.

0
12

0.
0

60.0 30.0

15.0

Unit:[mm]

Shaft Length 130.0 mm
Turning diameter 15.0 mm

Wire diameter 1.0 mm
Number of turns 22.2

Size of metallic case 30.0 60.0 130.0 mm

 
(c) NHA with metallic case. 
Fig. 6  Calculation model. 
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Fig.7  Horizontal planes of including the antenna feeding point.             

B. Calculated result 
The calculated SAR results are normalized by 1.0 W ra-

diated power from the antenna. Figures 8 (a) and (b) shows 
the calculated SAR distribution in the horizontal planes of 
male and female of including the antenna feeding point. As 
shown in Fig. 8, the SAR of male model is widely distributed 
high value (approximately 1.0 W/kg) in the deep region of the 
abdomen compared with that of female model. As for the 
causes of this, a male has a lot of muscles, whose conductivity 
is higher than the fat, in close to body surface compared with 
a female. From this result, it has confirmed that SAR distribu-
tion in the deep region of the abdomen shows different ten-
dency by thickness of the fat under the skin and location of 
muscles. 
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Figures 9 (a) and (b) shows the 10 g averaged spatial peak 
SARs of male and female. Here, the 10 g averaged spatial 
peak SAR is calculated using the averaging technique of [11]. 
As shown in Fig. 9 (a), the value of case 2 is higher than case 
1. One of this reason, the distance between the antenna’s ele-
ment and the body surface of case 2 is shorter than case 1, due 
to the abdomen shape. In addition, a spatial peak SAR value 
of male model is indicated at the body surface. In contrary, 
female model is indicated in muscles proximity to the antenna. 
The reason is according to the fact that the antenna’s element 
is not close to the human surface for the female model.  
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Fig. 8  Calculated SAR distributions in horizontal plane.                       
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IV. CONCLUSION 
In this paper, the SAR in the human body is calculated us-

ing realistic high-resolution whole-body models of Japanese 
male and female exposed to EM wave from the NHA with 
metallic case. As a result, it has confirmed that spatial peak 
SARs of male and female are lower than the guidelines value 
(10 W/kg) under the control environment in Japan when the 
radiated power of the antenna is 5 W (prevalent input power 
of the wireless radio terminals in Japan). 
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