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Abstract—The maximum received power from a transmitting
capsule dipole antenna located in all the parts of digestive system
of a human body are investigated using the FDTD analysis. It
was found that the peak values of the maximum received power
were in a frequency range around 500 MHz not only in the case
of the stomach, but also in the cases of the esophagus, the small
intestine and the large intestine. The maximum received power of
-24.5 dBm at 472 MHz is obtained when the transmitting capsule
dipole antenna is located in the stomach. Preferred positions of
receiving antennas on the surface of human body are also
discussed to obtain the high received power for each organ in the
digestive system of a human body.
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l. INTRODUCTION

Ingestible capsule endoscope systems are expected for
healthcare applications [1]. The capsule endoscope pass
through the digestive system of a human body composed of the
esophagus, the stomach, the small intestine and the large
intestine, as shown in Fig. 1. In the previous work, the path loss
through a human body has been studied by many researchers
[2-6] and expressions of the path loss are different. In [2], |S,]
was used as the path loss, it means that the transmitting antenna
(Tx.) and the receiving antenna (Rx.) are terminated by 50
Qand it is not enough to evaluate the optimum internal
impedances for both the transmitting and the receiving
antennas in order to obtain the maximum received power. In
[4], the path loss which indicates the attenuation of the electric
field as a function of the position of receiving point was used,
however, it cannot be obtained the received power from the
electric field when Tx. antenna has an in-negligible length

compared with the effective wavelength in the digestive system.

In [5], difference of values of |Sy| between cases with and
without a human body were used as the path loss, however, the
mismatch losses of Tx. and Rx. antennas will be change and it
is difficult to evaluate the attenuation through a human body as
a function of the frequency.

The path loss in several organs, such as the stomach [4] or
the small intestine [6] have been studied by some researchers.
The surrounding dielectric permittivity and conductivity
changes as the capsule pass through them and the
characteristics of the path loss and the size of antenna
compared with the wavelength of operating frequency also
changes from moment to moment.

However, there is no researches study on the maximum
received power from a capsule dipole antenna located in all the
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Fig. 1 Digestive system of human body

parts of digestive system, not only stomach or small intestine,
but also esophagus, large intestine etc.

In this report, the maximum received power from a capsule
dipole antenna located in all the parts of digestive system is
obtained as the path loss through a human body. The effect of
different organs of a human body on the maximum received
power have been studied by comparing with the conductivity
distribution of a human body. Effects of the position and the
polarization of the transmitting and the receiving antennas were
also presented. Furthermore, the preferred positions of the
receiving antenna were discussed in order to obtain higher
received power.

Il.  ANALYSIS MODEL

The human body model DUKE developed by SPEAG Co.
Ltd was used in the FDTD analysis which is fabricated by
using MRI images with 76 kinds of organs. The relative
permittivity and conductivity of dispersive human body organs
provided by ITIS (USA) [7] from 200 MHz to 3 GHz were
used. Only the torso of a body (truncated body) was used in
the simulation. Lumina of the digestive system were filled
with the deonized water. The cross sections in xz-plane and xy-
plane were shown in Fig. 2, respectively. Origin of the
coordinates was set at the top of head. A dipole antenna with
length of 20 mm was located in human body as Tx. antenna,
the feed point was located at the planes of z=-470, -540, -610
and -700 mm in order to investigate the position of esophagus,
stomach, small intestine and large intestine. A dipole antenna
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Fig. 2 Analysis model
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Fig. 3 Comparison of received power and the maximum
received power between with and w/o capsule

with length of 140 mm was located on the surface of human
body as Rx. antenna. The position and polarization of Tx. and
Rx. antennas were discussed later. Ohmic loss was ignored to
simplify the investigation. A capsule with the length of 30 mm
and with the width of 10 mm was used. The capsule was filled
by air (&=1). For the reason that a capsule dipole antenna
located at the interface of capsule has good transmission
performance [8], transmitting dipole antenna was located at
the interface of a capsule. The FDTD method with 13-layer
PML was used.

I1l.  MAXIMUM RECEIVED POWER IN DIGESTIVE SYSTEM

A) Stomach

The maximum received power P, represent the power
delivered to the internal impedance of Rx. antenna when the
internal impedance of Tx. and Rx. are selected to satisfy the
complex conjugate matching condition [9]. The color of human
organs depends on the conductivity at 1 GHz. Fig. 3 shows the
received power (Zs= Z, = 50Q)) and the maximum received
power (Zs= Zsont, ZL= Z1 ont) between with and without capsule
when the capsule was move in the stomach. The center of Tx.
antenna was located at (0, 65, -540) in z direction polarization
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Fig. 4 The conductivity distribution (Left) and the maximum
received power (Right) under the condition of dipole antenna
was located at the stomach. z=-540 mm
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Fig. 5 The conductivity distribution (Left) and the maximum
received power (Right) under the condition of dipole antenna
was located at stomach (filled with water and air). z=-540 mm

and the center of the Rx. was located at (112, 65, -540) in z
direction polarization. The results are almost same, and it is
enough to evaluate the maximum received power without
considering the capsule in the numerical analysis. The received
power and the maximum received power are almost same at
900 MHz for the reason that the input impedance was almost
50 Q at 900 MHz nearby. Because the structure of the stomach
is wide, capsules with antenna will rotate in the stomach, then
it is necessary to consider the x, y and z direction polarization
of Tx. antenna. Rx. antenna was set to z direction polarization
and the polarization of the Tx. antenna changed to x and y
direction. Fig. 5 shows a relatively higher received power was
obtained when Rx. antenna was set in the same polarization
with Tx. antenna For the stomach, Rx. antennas with different
polarization were preferred in order to obtain a relative high
received power. Fig. 6 shows resonance happened at 700 MHz
and 1.4 GHz when the stomach was filled with air. This
phenomenon caused by the geometry of stomach. The length of
the stomach is almost 11 c¢cm, and the 1/4 and 1/2 wavelength
resonant happened at 700 MHz and 1.4 GHz, separately.

B) Esophagus

Fig. 4 (Left) shows an example of the conductivity
distribution in xz-plane in the position of esophagus. It is found
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Fig. 7 The conductivity distribution (Left) and the maximum
received power (Right) under the condition of dipole antenna
was located at small intestine (z-polarization). z=-610 mm
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that the conductivity of the heart is larger than the other organs
from the conductivity distribution. When the capsule passes
through the esophagus, because the structure of the esophagus
is narrow, it is only necessary to consider the z-direction
polarization of Tx. antenna. Tx. antenna was located at (-20, 0,
-470) vertically and a dipole antenna with length of 140 mm
was located as Rx. antenna in z direction polarization. Rx.
antenna was set in front of body (112, 0, -470) and back of
body (-116, 0, -470) separately. Fig. 4 (Right) shows the
maximum received power increases from 200 MHz to 600
MHz for the reason of the geometry of human body, while
decreases from 600 MHz because conductivity of organs
increases significantly from 500-600 MHz. Fig. 4 also shows
the maximum received power when the Rx. antenna located at
the back is higher than it located in the front of body, because
the high conductivity heart causes high EM-wave attenuation
in the front direction.

C) Small intestine and large intestine

When the capsule passes through the small intestine,
because the small intestine is coiled in a large area in the
middle of the abdomen, several Rx. antennas should be
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Fig. 9 The preferred positions of receiving dipole antenna

considered. Considering Tx. antenna was located at (20, 65, -
610) in z polarization, three Rx. were located in front of body
with the same height and with a distance of 40 mm in y
direction. Fig. 7 shows that P, decreases less than -10 dB
within the distance of less than 80 mm. The numbers of Rx.
antenna which were used for small intestine could be
determined, four Rx. antennas with different polarization in
front of body could be used for small intestine. The large
intestine is surrounding the small intestine, most part of the
large intestine is located in the sides of the human body, so it is
certainly to considered that both sides of human body are
important in order to obtain high maximum received power.
For example, Fig. 8 shows that Tx. antenna was located at (15,
110, -610), and Rx. was located in the side of human body P_
was almost 10-15 dB higher than in case of Rx. antenna located
in other place, such as in the front. Four Rx. antennas with
different polarization in side of body could be used for the
large intestine.

Fig. 9 shows the positions of Rx. antennas with different
polarizations. No. 1 is z-polarization for esophagus. No. 2 is
yz-polarization and No. 3 is xz-polarization for stomach. Four
Rx. antennas in front of body (yz-plane, No. 5, 6, 9, 10) could
be used for the small intestine, the largest distance is 65 mm in
y direction and 45 mm in z direction. Four Rx. antennas with
different polarizations in side of body (xz-plane, No. 4, 7, 8,
11) could be used for the large intestine. It can be seen that the



maximum received power P_ was relative high in the small
intestine and the large intestine (-20~-30 dB), P, was relative
low in the esophagus (-30~-40 dB) under the condition of Tx.
and Rx. antennas are in the same polarization. The maximum
received power was different in different human body organs.
The peak value of maximum received power appeared in a
range around 500 MHz. Table 1 shows all the results in this
report.

IV. CONCLUSION

In this report, the maximum received power from capsule
dipole antenna located in all parts of digestive system of a
human body was investigated. In case of with and without
capsule, the maximum received powers are almost same. The
results also show that the maximum received power decreases
by the presence of the organs with high conductivity such as
the heart. A relative high received power was obtained under
the condition of the receiving antenna and the transmitting
antenna are in the same polarization. Finally, preferred
positions of the receiving antenna have been discussed in
order to obtain a high received power.
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