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Abstract— The conformal antenna consisting two loop elements is
presented at 2.45 GHz industrial, scientific and medical band. The
two elements are attached on the inner surface of the capsule, so that
inner capsule space is saved to its maximum extent. Additionally, by
orthogonally placing the two elements at bottom and side of the
capsule, different polarization directions are achieved; therefore,
resulting in good isolation without introducing additional decoupling
structures. This system has the potential to provide real-time
biological information from within the human body via a radio
frequency link. Furthermore, communication link of the conformal
antenna with outside dipole is evaluated, revealing reliable
communication  performance. The performance of the
communication link between the implanted antenna and external
half-wavelength dual-band dipole is also examined.
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I. INTRODUCTION

Wireless capsule endoscopy provides the great advantage of not
involving the introduction of instruments into the body. It
involves the diagnoses of diseases in gastro-intestinal (GI) tract
and avoids pain or sedation-related problems brought by
conventional endoscopes. The small size of the capsules makes
them easy to swallow and allows access to the small bowel,
which is difficult to reach using conventional endoscopes. In
wireless capsule systems the role of antenna is very important.
In this ideology of wireless ingestible capsule the conformal
antennas has been used which are designed to conform or
follow some prescribed shape or structure. The conformal
antenna is being adopted to save the inner space of the capsule
and to ensure high data rate for real- time high- resolution
image transmission, most of the current studies focused on
bandwidth enhancement of the antenna. However, such
approach was not enough due to the channel bandwidth
limitation. Thus, conformal antenna system was proposed to
improve the channel capacity and overall link quality without
using additional spectrum. This capsule endoscopy makes use

of two loop antennas which are placed in a manner orthogonal
to each other. a novel capsule conformal antenna is proposed
with good isolation at 2.45 GHz industrial, scientific and
medical (ISM) band. Besides, due to the polarization diversity
of the two loop elements, good isolation is realized without
introducing additional decoupling structures. Furthermore, by
adjusting the relative port positions of two elements, the
isolation performance could be highly improved.[2]

Il. PROPOSED ANTENNA DESIGN

The overall view of the proposed Conformal antenna, whose
size is 10mmX12mm (diameter xheight), consisting of two
loop elements. The capsule is formed by wrapping substrate of
taconic tIx-6 (r = 2.55, tan 8 = 0.0019) with a thickness of 0.254
mm. To save the inner space of the capsule for necessary
electronics, the two loop antennas are attached on the inner wall
of the capsule in conformal form, with one horizontally located,
labelled as loop_1 and the other one vertically located, labelled
asloop_2, with a separation distance of 1 mm. During
simulation, the capsule is placed in the centre of muscle tissue,
30 mm away from each side of the tissue box.[1],[2]
Biocompatibility.

For real implantation cases, the whole implanted device should
be covered by biocompatible materials. This encapsulation
layer not only protects the antenna from the conducting effect
of human tissue, but also reduces the coupling of the antenna’s
high near field terms of the electromagnetic radiation with the
surrounding human tissue. Also the effect of the biocompatible
encapsulation layer on the impedance matching and gain of the
antenna is significant therefore we should take it into
consideration when designing implantable antennas.

[5]
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Fig 1:Proposed Antenna and Simulated Structure

By taking full consideration of the specific capsule structure,
the two loop elements are orthogonally located without taking
inner space of the capsule. Besides, such placement of two
elements can bring in polarization diversity, resulting in good
isolation without additional decoupling structure. Under this
circumstance, the isolation performance could be further
improved by adjusting the relative position of two feeding
ports, which are represented by . In this case, can be tuned by
rotating loop_1 around capsule centre, in which case = 0°
means the two ports are vertically aligned. The simulated |S21|
of the proposed conformal loop antenna with different rotation
angles is compared. The antenna achieves good isolation for all
circumstances due to its inherent polarization diversity.[1]

Various simulation environments have been proposed in the
past research papers, three-layer tissue including skin, fat and
tissue, skin mimicking tissue , and muscle equivalent tissue .
The shape of the body phantom is either a cubic box or a
cylinder. Also, from past experience, the shape and size of the
body tissue only present a negligible influence on the
impedance matching of the implanted antenna, as long as the
dielectric properties of the tissue remains the same.

Additionally, the differential reflection coefficients in three-
layer tissue are similar to those in one-layer tissues.[3]

The antenna possesses the qualities necessary to act as an
effective capsule antenna:

» Conformal geometry that exploits the surface of the
capsule leaving the interior open for electrical
components;

» Miniaturization to achieve matching at the desired 1.4-
GHz biotelemetric frequency;

« Omnidirectional pattern very congruent to that of a

dipole;

Polarization diversity that enables the capsule to transmit

more efficiently regardless of its orientation;

+ Easy and straightforward tuning adjustment to
compensate for body effects.[2]

Il RESULTS AND DISSCUSION
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Fig 2 : Simulated |S21| of Existing capsule MIMO antenna with varying of
relative port position
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Fig 3 : Simulated |S21| of proposed capsule MIMO antenna with varying of
relative port position

In the frequency range of 2.45GHz the return loss of the
antenna is measured to be -55db but in the proposed structure
the gain is measured to be-50db
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Fig 4: E Field of proposed capsule MIMO antenna
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