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Abstract: The transmission factor from a capsule dipole antenna placed in
a digestive system of a human body to the outside was investigated using the
FDTD analysis. It was found that the local maximum of the transmission
factor was observed in the frequency range of 400—600 MHz in the cases
when a capsule dipole antenna passes through the different organs of a
digestive system. Also it is confirmed that high value of the received power
was obtained when the capsule dipole antenna and the receiving antenna
have the same polarization.
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1 Introduction

The influx of ingestible capsule endoscope system is expected for healthcare
applications [1]. In previous studies, homogenous human body models have been
used in some studies [2, 3, 4]. When a capsule passes through various organs of the
digestive system, the surrounding environment of the capsule such as the dielectric
permittivity of each organs changes, and the absorption of EM waves will be
changed. Furthermore, the electrical size of antenna changes as the effective
wavelength in the organs changes. Thus, it is important to consider all the realistic
human body digestive system. The digestive system is composed of the esophagus,
the stomach, the small intestine and the large intestine. However, few researches
focus on the received power from a capsule dipole antenna placed in different parts
of the digestive system.

In this research, the transmission factor [5] was used as the path loss and was
calculated. The transmission factor is the relative maximum received power under
the condition that the complex conjugate matching conditions are satisfied at both
the transmitting and the receiving ports.

2 Analysis model

The FDTD analysis model of a human body developed by SPEAG Co., which was
constructed by using MRI images. It includes 76 kinds of organs and the relative

permittivity and conductivity of each organ provided by ITIS [6] were used. The
torso part of a human body was used in the FDTD analysis. The lumina of digestive
system were filled with deionized water. The cross-sections of an analysis model in
xz-plane and xy-plane are shown in Fig. 1(a). The geometry of the rectangular
column capsule is shown in Fig. 1(b): it has a length of 30 mm and a diameter of
10 mm. The origin of coordinates was placed at the top of the head. The capsule
dipole antenna (Tx.) with a length of /; = 20 mm was placed at (xi, y1,z;) in the
digestive system of a human body and a receiving dipole antenna (Rx.) with a
length of /; = 140 mm was placed at (x;, y»,22) outside of a human body. The
position of capsule antenna changes along the digestive system at z = —470, —540
and —610 mm which corresponds to the cases when the capsule antenna was placed
in the esophagus, the stomach, the small intestine and the large intestine. The
FDTD method considering the dispersive effect of complex dielectric permittivity
was used for numerical analysis.

3 Comparison between measurement and analysis

An example of the conductivity distribution in the xz-plane is shown in Fig. 2. The
color indicates the magnitude of conductivity at 1 GHz. It was observed that the
conductivity of the heart is larger than the other organs. When the capsule passes
through the esophagus, the polarization of the dipole antenna is vertically placed
because the structure of the esophagus is narrow. Both capsule dipole antenna and
receiving antenna were selected as z-direction. The position of capsule dipole
antenna is (x1, y1,z;) = (20,0,—470) in the esophagus and two cases of the
position of receiving antenna placed in front of body (x», y2,22) = (112,0,—470)
and at the back of body (x2, y2,22) = (—=116,0,—470), were calculated respectively.
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Fig. 1. Analysis model.

The transmission factor 7 of each case were shown in Fig. 2(a). The local maximum
of 7 was observed at 600 MHz corresponding to the half-wavelength resonant
frequency of capsule antenna, while 7 decreases as the frequency increases as the
conductivity of surrounding organs increases. It was also observed that higher 7 is
obtained in the case when the receiving antenna is placed at the back of a human
body compared to the case when the receiving antenna is placed in front of a human
body. The reasons noted were the absorption, reflection and refraction caused by
high conductivity of the heart.

When the capsule moves in the stomach, the capsule antenna will rotate and it
is necessary to consider the x, y and z direction polarization of the transmitting
antenna. An example of 7 when the capsule dipole antenna is placed in the stomach
is shown in Fig. 2(b). The polarization values of the transmitting antenna in x, y and
z directions were calculated at (x;, y1,z1) = (0,65, —540), while the polarization
values of the receiving antenna were settled in the z direction at (xy, y5,22) =
(112,65, —540). It was observed that a relatively higher 7 was obtained when the
capsule dipole and receiving antennas have the same polarization.
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(a) Transmitting antenna is placed in the esophagus.

Rx. (112, 65, -540), Z-pol. [, = 140 mm
L| Tx. (0, 65, -540), L= 20 mm

Tx. Z-pol.
Tx. Y-pol.
Tx. X-pol.

~

[s?m] -604 0.5 1 1.5 2 25 3
Frequency [GHz]

(b) Transmitting antenna is placed in the stomach.
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(¢) Transmitting antenna is placed in the small intestine.
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(d) Transmitting antenna is placed in the large intestine.

Fig. 2. Transmission factor in the digestive system.

279




IEICE Communications Express, Vol.6, No.6, 276-280

When the capsule moves into the small intestine, because the small intestine is
very long and coiled in a large area in the middle of the abdomen irregularly, a set
of receiving antennas using diversity technology should be considered. For exam-
ple, under the condition that the capsule dipole antenna is placed at (20, 65,—610)
in z direction polarization, three receiving antennas are placed in front of the body
with the same coordinate in z direction and a distance of 40 mm in y direction.
Fig. 2(c) shows the results: compared to the case of minimum distance Rx.1, there
is no obvious decrease in the case of Rx. 2 (at a distance of 40 mm from Rx.1): in
the case of Rx. 2 the value is a little larger than the value of Rx.1 in a frequency
range of 500 MHz to 1 GHz, which is caused by the spiral and complex structure
of the small intestine. However, with a distance of 80 mm, the difference is larger
than 10 dB, so another receiving antenna is necessary to ensure a high value of the
transmission factor. The numbers and positions of the receiving antennas used for
the small intestine can be determined.

The large intestine surrounds the small intestine. Most of the large intestine is
located at the sides of the human body, so it is considered that placing the receiving
antenna at the sides can obtain a high transmission factor. For example, under the
condition that the capsule dipole antenna is placed at (15,110, —610), as shown in
Fig. 2(d), when the receiving antenna is placed in the left or right side of the human
body, the 7 is 10—15 dB higher than that when the receiving antenna is placed at the
front of the body.

4 Conclusion

The transmission factor from a capsule dipole antenna placed in the digestive
system of a human body was investigated. It was found that the peak values of the
transmission factor were observed in the frequency range of 400—600 MHz for
different organs of the digestive system when the capsule dipole and receiving
antennas have the same polarization.
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