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Abstract— Radio Frequency Identification (RFID) is one of 

the developed technologies, which is used in several applications, 

including for medical field applications. For patient monitoring 

purpose, the RFID system is consisted of a medical tag that is 

implanted into the human body and a reader unit that is installed 

away from the human either in proximity or far away from the 

human body. By this communication system, it can reduce 

medical error, the risk of the tag being lost, and can be used for 

uncooperative patient. The monitoring device will be connected 

to the existing network (wireless LAN and so on) allowing to 

provide the mobility of patient, the physicians or caregivers can 

get easily patient’s medical information without spending a lot of 

time via such a network connection. In this study, it will propose 

a tiny dipole antenna for RFID tag that will be implanted into the 

body following it is enclosed by a silica glass to reduce the 

radiation effects on the human body. The antenna is numerically 

simulated by using a human arm model in the frequency of 924 

MHz according to the RFID band allocation in Indonesia. This 

study also investigates two other different surrounding 

environment of the antenna in order to precisely understand 

about the antenna characteristics, i.e. antenna placed in free 

space and enclosed in silica glass material. Each environment 

gives effects on the antenna’s resonant frequency including its 

bandwidth. Following the simulation, the antenna is fabricated 

and validated by the basic measurement. This paper will show 

the current results of the antenna characteristics in free space 

environment in order to validate its basic manner. The antenna is 

relatively very small dimension compared to the band wavelength 

with good performances in S parameter, sufficient bandwidth, 

and omnidirectional radiation pattern. 
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I.  INTRODUCTION 

Patient monitoring system in the hospital still uses a 
conventional monitoring, where nurse or doctor needs to go to 
the patient’s room to examine and check the current physical 
condition of the patient. This condition is quite impractical if 
the number of available medical personnel is fewer than the 
number of patients in the hospital. In order to overcome such a 
drawback, an automated monitoring system that is able to 
instantaneously display the state of the patient’s physical 
condition. 

The concept of the monitoring system will allow for 
monitoring the patient’s condition without the patient itself 

coming to the nurse’s room. Currently, most of hospitals in 
Indonesia have applied a cable-based monitoring system. 
Along with the current wireless technology especially the 
RFID (Radio Frequency Identification) system, most of cable-
based application systems tend to shift into wireless-based 
technology, in order to ease the equipment’s installation and 
reduce its cost. The RFID is a tremendously adopted wireless 
technology in very wide applications that uses radio frequency 
to send data from a device called RFID tag, which is placed on 
the object, and will be recognized by a reader or recipient for 
the purpose of identification or tracking the object [1].  

The development of wireless technology for health sector 
today has greatly attracted both academic and industrial 
researchers as the needs of the world (especially in developed 
countries) and associated with rising health care costs and the 
demand for hospital resources [2]. 
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Fig. 1.  An example of monitoring system of the patients in hospital. 

One of the technologies with interestedly studied is the 
RFID technology, which offers a promising solution in 



143 

 

building health care with wireless technology [3] and has a 
potential point to reduce medical errors and improve the 
quality of life of the patients in hospitals [4]. Figure 1 shows 
an example of RFID application for patient’s monitoring 
system. Most of antennas researches for medical applications 
still focus on hyperthermia for cancer treatment and 
diagnostics on physical parameters of a patient [5], even 
though currently some researchers has been interested to study 
on antennas for medical communication. In the past, the RFID 
technology is usually used by planting a tag on animal’s body. 
However, current developments have allowed for putting a 
RFID tag or implantation in the human body [6]. The use of 
tags in the body (not the outside of the body) is aimed to 
reduce the risk of losing the tag and yet it looks suitable for 
patients who are less willingness to cooperate with the doctor 
[7]. 

Earlier RFID technology typically uses low frequency, 
since it has no signal attenuation and less significant effect to 
the human body. However, the existing system is limited to 
have a short distance coverage and very low data transmission 
rate. In order to overcome these drawbacks, UHF frequency 
band (Ultra High Frequency) is sometimes used to have the 
possibility of further transmission distances, higher data rate 
although the damping (loss) is greater, especially in the layers 
inside the human body because the nature of the material body 
man is very lossy [8]. Currently, some of RFID tags are 
widely designed for medical applications in the form of loop 

antennas, which work at frequencies 402405 MHz to 
determine the effect of a human head to the signal 
transmission frequency. Another tag is also designed for 
transmitting patient data such as temperature, blood pressure, 
heart rate, and so on in real time operation. The tag antenna 

works at frequencies 951  956 MHz implanted in the human 
upper arm model [5]. However, this operating frequency band 
is not recommended to use in Indonesia, since the regulation 
of Indonesia government recommends to use RFID frequency 

at 923  925 MHz [9]. In addition the use of the frequency 
923 MHz is intended to reduce the effects of SAR in the 
human body. In this paper, it will be proposed a RFID tag 

antenna operates at frequency of 923  925 MHz aiming at 
patient monitoring system. 

II. ANTENNA CONFIGURATION 

The configuration and dimension of the proposed antenna 
is shown in Fig. 2. The antenna is fabricated by using a copper 
wire that is folded in such a way it will be appropriate design 
for 50 ohm-port. The antenna element (without silica glass 

cover) is made by the size of 33.3 mm  1.8 mm  1.8 mm (L 

 D  H). The antenna will be implanted in the human body at 
the upper arm, which the arm model is represented by three 
layers consist of skin, fat and muscle. The antenna is 
implanted at the position between the skin and fat layer. The 
thickness of skin, fat and muscle layers is 2 mm, 4 mm and 54 
mm, respectively [10]. Each layer electrical property is shown 
in Table 1. Hence, by this design it is expected to establish 
communication in range of 10 m coverage as predicted in link 
budget [10]. The fabricated antenna is shown in Fig. 3. 

TABLE 1: ELECTRICAL PROPERTIES OF TISSUES AT 924 MHZ 

Tissue 
Electrical Properties 

Permittivity Conductivity 

Skin 41.284523 0.874705 

Fat 5.458249 0.051615 

Muscle 56.824448 1.004436 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. A proposed antenna’s structure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. Fabricated Antenna 

 

 

 

 

Fig. 4. S11 performance 
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Fig. 5.   Radiation pattern characteristics of the antenna 

III. MEASUREMENT RESULTS 

The fabricated antenna is validated by measuring basic 
characteristics such as coefficient reflection and radiation 
pattern. In present validation, the antenna is measured in free 
space environment, where at least it can be known the basic 
performance of the antenna before it will be inserted in the 
phantom model or animal tissue.  

In accordance to the measurement results, it can be seen 
that the fabricated antenna has large enough bandwidth from 

2915  3100 MHz in the standard of S11 ≤ -10 dB, which is 
very sufficient bandwidth. The result agrees with the 
simulation result as shown in Fig. 4.. In addition, the radiation 
pattern of the antenna is evaluated in three different planes, 
namely xy-, yz- and xz-plane. In comparison to the simulation 
results, the measured radiation pattern meets the simulation at 
the resonant frequency 2.94 GHz as shown in Fig. 5. 
Moreover, the antenna has omnidirectional pattern in H-plane 
and 8-number shape as the basic pattern of the electric dipole 
antenna. 

IV. CONCLUSION 

 In this study, we have proposed a tiny dipole antenna for 

RFID tag that will be implanted into the body following it is 

enclosed by a silica glass to reduce the radiation effects on the 

human body. The antenna is numerically simulated by using a 

human arm model in the frequency of 924 MHz The distance 

between the tag and reader is expected by 10 m with the 

minimum gain of the antenna is -30 dBi. Then, the antenna is 

simulated using the finite integration technique (FIT) software 

in three different conditions; those are when the antenna is 

implanted, when it is enclosed in silica glass, and in free space 

environment, in order to understand the antenna characteristics 

in each given condition. The dimension of the antenna is 33.3  

1.8  1.8 mm
3
 at operating frequency 924 MHz with very 

sufficient bandwidth. When the antenna is enclosed in silica the 

resonant frequency is shifted to the frequency 2.69 GHz and it 

becomes 2.94 GHz in free space condition. In this paper, the 

antenna’s characteristic is evaluated in free space environment 

in order to validate its basic manner. The antenna is fabricated 

and measured in anechoic chamber including the reflection 

coefficient and radiation pattern to validate the simulation 

results. The antenna has good coefficient reflection, sufficient 

bandwidth, and omnidirectional radiation pattern as it is 

expected in the simulation. 
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