A Study of Transmission Mechanism for 2.45 GHz
Wireless Body Area Networks

#Takayuki Sasamori ', Masaharu Takahashi , and Toru Uno *
" Department of Electronics and Information Systems, Akita Prefectural University
Yurihonjo, 015-0055 Japan, sasa@akita-pu.ac.jp
*Research Center for Frontier Medical Engineering, Chiba University
Chiba, 263-8522 Japan, masa@ieee.org
? Faculty of Engineering, Tokyo University of Agriculture and Technology
Koganei, 184-8588 Japan, uno@cc.tuat.ac.jp

1. Introduction

As one of the development of the future wireless communication systems, body-centric
wireless communication using a device including a radio terminal placed in/on body is proposed
[1]-[3]. In order to realize the wearable devices for the body-centric communications, it is apparent
that examination of the antennas and propagation in the vicinity of the human body is very
important.

In this paper, in order to investigate the transmission mechanism of the wearable device for
on-body wireless communications analytically, we derive the eigenfunction solution and high
frequency asymptotic representation for the scattered electromagnetic fields by a dielectric cylinder
and discuss them. By comparing the high frequency asymptotic solution to the eigenfunction
solutions for the scattered field in detail, the composition of the scattered fields are treated.

2. Formulation of the Problem

2.1 Eigenfunction Solution

Hence the propagation characteristic by the wearable device attached to an arm is
considered, we approximate the arm as an infinite length dielectric circular cylinder. The geometry
of the problem for the dielectric circular cylinder of radius a in the free space is illustrated in Fig. 1.
The permittivity, the permeability and the conductivity are & u, o for the dielectric cylinder,
respectively. The permittivity and the permeability of the free space are g, u, respectively. A
dipole antenna which is in the vicinity of the dielectric cylinder is placed coincident with the r
direction in the cylindrical coordinate system. The length of the dipole antenna is /; and the
maximum amplitude of the current on the antenna is /;. The center of the dipole antenna is located
at O(r1, ¢1, z1), and the observation point is located at P(r, ¢, z) in the cylindrical coordinate system.

When the cylinder described above is illuminated by a radiation electromagnetic wave from
the dipole antenna, the frequency domain scattered field observed P(r, ¢, z) can be represented by
the eigenfunction solution [4],[5]. By separation of the variables in Maxwell's equations and by
imposing the boundary conditions on the cylinder surface » = a, one obtains the series solutions for

the ¢ components of magnetic scattered field de , as follows
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where P,(A4) and Q,(A) are uniform currents on the dipole antenna,
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n =1/k§ —h? , H,(f)(z) is the Hankel function of second kind, the dot on this function denotes

partial differential d/dr and the other coefficients are shown in Appendix.
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where & =¢/¢gy , uy=ul/yy , u=na=ﬂk§—h2a , w=11k12—h2a , k| =kyEuy , J,(2) is the

Bessel function, the prime on J, and H ,(lZ) denotes the derivative with respect to the argument.

2.2 High Frequency Asymptotic Representations of the Solution

To find the far-zone field of scattered fields, we need only the asymptotic expression for the
eigenfunction solutions. This expression can be found by the method of saddle-point integration.
Assuming the nr is large compared to unity, the Hankel function can be approximated by its
asymptotic expression; that is,
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We now change the cylindrical variables into spherical variables by letting r = Rsinf, z = Rcos0.
Applying the method of saddle-point integration to the eigenfunction representations (1) which
substituted (11), we obtain
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where hy =kycos0, 1y =kysin0.

3. Numerical Results and Discussion



In Eqgn. (1), it is roughly represented that the integral interval of |h0| < kg and |h0| > kg are

contributions of a propagating wave and a quasi-static field, respectively. The high frequency
asymptotic solution is included in the propagating wave, because the saddle point A, = k,cos @ is

always in the integral interval of |h,|=< k,. The infinite length dielectric circular cylinder has the
y g 0 0 g Y

radius of @ = 27.5 mm, the relative permittivity of & = 58.12, the relative permeability of ;=1 and
the conductivity of o = 1.69. These electric constant values are close to muscles at a frequency of
2.45 GHz [6]. The center of the circular cylinder is located at the origin. A dipole antenna with a
length of 54 mm is placed coincident with the x axis and with its center at » = 57.5 mm. Extensive
numerical computations have been performed for different observation points when the current on
the dipole antenna is /; = 1.

In Figure 2, the high frequency asymptotic solution has been compared with the exact
solution. The magnitude curves of the ¢ component of the scattered magnetic field are calculated as
a function of z, for two cases » = 57.5 mm and » = 200 mm. In the case of » =57.5 mm, the curves
calculated from the asymptotic representations deviates slightly from the exact solution in the whole
range of z (0 mm < z < 250 mm). The asymptotic solution for » = 200 mm agrees with the exact
solution quite well.

Figure 3 shows the contours of the constant value of the error rate of the high frequency
asymptotic solution versus the observation point (r, z), when ¢ = 0. The error rate is

|High frequency asymptotic solution— Eigenfunction solution|
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Error rate =

Eigenfunction solution

It can be seen in this figure that the signal transmission channel could be mostly dealt with the
contribution of the propagating wave. However, the dominant signal transmission channel includes
not only the contribution of the propagating wave but also the contribution of the quasi-static field
in the case where the observation point is in the vicinity of the cylinder.

4. Conclusion

In this paper, the transmission mechanism of the wearable device for on-body wireless
communications is argued by analytically. By reason of the propagation characteristic by the
wearable device attached to an arm is considered, we have approximated the arm as a dielectric
circular cylinder. It has been regarded that the signal transmission channel of a wearable device
using the human body can be generally dealt with the contribution of the propagating wave.
However, in the case where the observation point is in the vicinity of the body, the high frequency
solution deviates from the eigenfunction solution, since the percentage of the contribution of the
quasi-static field included in the scattered field is comparatively large. This result leads us to the
conclusion that the dominant signal transmission channel includes not only the contribution of the
propagating wave
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Figure 1 : Infinite dielectric circular cylinder, dipole antenna in free space and the coordinate
system.
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Figure 2 : Comparison of high frequency asymptotic solution and eigenfunction solution of H(; asa

function of z.
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Figure 3 : Contours of error rate of high frequency asymptotic solution versus observation point
(r, z), when ¢ = 0.



