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ABSTRACT

In recent years, many types of radio sensors are being 
developed for health monitoring system. RF device for 
human body such as Wireless Capsule Endoscopy 
(WCE) requires the antenna to be miniaturized. 
Normal-Mode Helical Antenna (NMHA) is a promising 
candidate due to its high efficiency in small size. To 
understand the situation of antenna inside a dielectric 
material, a study using electromagnetic simulation was 
made. In this paper, a simulation model of NMHA 
inside human body is presented. Practically, shifting of 
antenna inside human body may happen. Changes of 
input impedance and radiation pattern are observed at 
Medical Implant Communications Service (MICS) 
frequency of 402MHz. The obtained results help to 
understand the possibility of NMHA implementation in 
human body sensing.

1.  INTRODUCTION

Biomedical telemetry devices are a set of system that 
allows physical signal to be measured at a distance. The 
physical signal is then obtained by using suitable 
circuit, post-processed, and eventually transmitted 
externally for health monitoring. It is generally divided 
into ingestible, implantable and wearable device [1]. 
WCE is an ingestible type and the antenna is an 
important component for transmission and reception of 
signal. The physical characteristic of the antenna will 
determine the quality of images received in real-time. 

Previously developed antenna for WCE includes 
outer-wall loop antenna [2], spiral antenna [3], and 
plannar slotted patch antenna [4]. However, due to the 
miniaturization requirement, the antenna efficiency is 
sometimes compensated for it to be small in size. 
NMHA is a potential candidate that has small size and 
high efficiency. Because of the small coil structure of 
the NMHA, antenna size is effectively reduced. 
Moreover, the coil structure produces two radiation 
sources such as electric and magnetic currents. Hence, 
high antenna efficiency is expected. Another benefit of 

a coil structure is achieving self-resonant 
characteristics [5][6]. 

In the case of applying NMHA to a human body, 
the human body condition of a lossy material with high 
permittivity and conductivity should be taken into 
account and the electrical characteristics in such 
condition should be studied [7]. 

In this paper, NMHA performance inside stomach 
tissue is studied using computational electromagnetic 
simulator FEKO 7.0 by Method of Moment (MoM). A 
model of NMHA embedded inside dielectric material 
with similar electrical characteristic of real stomach. 
The simulation model is then repeated to the case of 
antenna shift inside the stomach path. The resonant 
structure, input impedance and radiation pattern is 
observed. Based on the data obtained from simulation, 
the fundamental of NMHA for application in ingestible 
WCE can be understood more. 

2.  ANTENNA FOR ENDOSCOPIC CAPSULE

Fig. 1 (a) shows Endocapsule 10, one of the 
commercialized WCE that is currently available. 
Meanwhile, Fig. 1(b) is a cross section of proposed 
magnetic-propelled endoscopic system by Gao et. al., 
whereby one of the major component is antenna.   

 

     
(a) Endocapsule 10          (b) Cross section WCE

Fig. 1 Endocapsule 10 by Olympus Corp. [8], and (b) 
Cross section of WCE design by Gao et. al. [9]

Generally, all WCE are equipped with a compact 
body with sensing elements and image capture system. 
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The sensing element consists of a very small antenna 
that acts as a transmitter and receiver of data from 
human body. Since NMHA is an omni-directional 
antenna, it is suitable for the random orientation for 
sensors inside human body.

Fig. 2 WCE in human body

Fig.3 Antenna shift when traverse

Fig. 2 show how the WCE traverse along the small 
intestine. Fig. 3 visualize the movement could possibly 
cause the antenna to shift along the selected human 
tissue and change its electrical characteristics. 

3.  SIMULATION PARAMETERS

3.1. Simulation model

Fig. 4 NMHA structure

NMHA structure is shown in Fig. 4 [10]. The radiation 
is divided into Eϕ and Eθ component. By adjusting the 
height (H) and diameter (D) of the antenna, we can 
obtain the resonance structure where the input 
impedance (Zin) becomes pure resistance (Rin) at the 
operated frequency.

Fig. 5 Simulation model NMHA inside stomach

A simplified simulation model of NMHA inside 
human phantom was made to study the situation of 
antenna shift. Fig. 5 shows the original setup in which 
the antenna is placed at the center of the phantom. The 
simulation was also repeated for σ=0.5 to study the 
effect of lower conductivity. Simulation parameters 
used are summarized in Table 1. 

Table 1 Simulation parameters of NMHA in stomach

Software FEKO 7.0 (MoM)

Frequency MICS standard at 402MHz

Antenna  H/λg= 0.2; D/λg=0.115
10.4mm x 18.15mm (D x H)

No. of turns N= 7

Metallic wire Copper (σ = 58 x 106 [1/Ωm]), 
Diameter, d = 0.5mm

Dielectric constant 
of stomach tissue 
[11]

εr= 67.5 ; µr=1; σ=1, σ=0.5
Mass density = 1050kg/m3

Shift distance, b=5;10; 
15(mm)

Mesh size Phantom = λg/20
Antenna = λg/100

Memory 500 MB

Calculation time 0.13 hour /sim

Proceedings of the Fifth IIEEJ International Workshop 
on Image Electronics and Visual Computing 2017 
Da Nang, Vietnam, February 28- March 3, 2017



3.2. Self-resonant structure of NMHA inside 
stomach tissue

Fig. 6 Self-resonance curve of NMHA

Fig. 6 shows the self-resonance characteristics of 
NMHA for conductivity σ=1 and σ=0.5 inside the 
stomach tissue, with permittivity εr=67.5 at 402MHz.  
It can be seen that for different conductivity, it does not 
affect the resonant structure greatly. For the purpose of 
this simulation, we have chosen point A where the 
dimension of antenna is given by 10.41mm x 18.15mm 
(D x H). 

4. SIMULATION RESULTS

4.1. Antenna shift simulation model

Fig. 7 Simulation model NMHA shifted

Fig. 7 models the antenna when shifted from the center 
by a distance (noted by parameter b), b=5; 10; 15 as it 
traverse along the stomach path. The results and 
comparison with the original model is calculated from 
the simulation will be discussed in the next section.

4.2. Input Impedance

Fig. 8 Input impedance

The input impedance is shown in Fig. 8. The input 
impedance Rin not changed greatly with the shifting of 
antenna. For the case of σ=0.5 the input impedance 
obtained by antenna is lower than when phantom 
conductivity, σ=1. The input impedance becomes lower 
because the wave is travelling in a less lossy medium.

4.3. Radiation Pattern

(a) Eϕ                                         (b) Eθ
Fig. 9 3D Radiation pattern

The 3D radiation characteristic for the original setup, 
with antenna at the center, (σ=1; b=0) is shown in Fig. 
9. For NMHA inside stomach phantom, the Eϕ 
component is larger than the Eθ component, thus the 
maximum radiation is from Eϕ. The directivity is 
calculated at Eϕ as -21.7dBi.

However, since the antenna is shifted only along 
the x-axis of the antenna and phantom, the polar 
radiation pattern is observed from the horizontal cut 
(xy-plane) next. 
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(a) Eϕ (b) Eθ
Fig. 10 Radiation pattern for σ=1 (xy-plane)

Fig. 10 shows the polar plot at horizontal cut for 
phantom conductivity, σ=1. When antenna is not 
shifted (b=0), Eϕmax and Eθmax is calculated to be -
21.7dBi and -36.7dBi respectively.  From the shifting it 
is observed that the changes in Eϕ is small, however it 
is distortion occurs at larger value of b. Meanwhile at 
Eθ, the distortion are more apparent, however still gain 
level are still smaller compared to Eϕ.

(a) Eϕ (b) Eθ
Fig. 11 Radiation pattern for σ=0.5 (xy-plane)

To study the effect of different conductivity, the 
radiation pattern was observed for σ=0.5. Fig. 11 (a) 
and Fig. 11 (b) shows the polar plot at horizontal cut 
for σ=0.5. At the center (b=0), Eϕmax and Eθmax is 
calculated to be -16.5dBi and -34.9dBi respectively. At 
lower conductivity, the gain level is expected to be 
higher because resistance of material is lower. 

Compared with material σ=1, the characteristic of 
radiation is observed to be similar, in which maximum 
radiation is from Eϕ. Distortion is clearly more on Eθ 
component. As the value of b is larger, Eθ loses more of 
its omni-directional characteristics and the radiation 
become more dominant. For on the application of WCE, 
the major change in radiation pattern may pose a 
problem for signal reception or transmission.

5. CONCLUSION

A possible case of antenna shifting effect inside the 
stomach is modeled. For σ=1, the resonance structure 
and input impedance is not affected by the shifting. At 
larger shifting value, radiation pattern on horizontal cut 

Eϕ becoming more suppressed and Eθ loses its omni- 
directional characteristic. The simulation was also 
repeated with lower conductivity σ=0.5. In this 
condition, the input impedance becomes lower and the 
gain level is higher. Change in radiation pattern is 
more apparent that of σ=1.  By clarifying simulation 
results, it helps to understand the possibility of NMHA 
for application in human body sensors.
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