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Abstract - In particular, personal healthcare is considered as 
the biggest potential application with all kinds of wearable 
wireless devices. In this paper, we propose a compact wearable 
dual-mode (on-body and off-body modes) antenna for personal 
healthcare systems. For on-body mode at 21 MHz, received 
voltage is analyzed, while for the off-body mode in the 2.45 GHz 
ISM band, reflection coefficient (S11) and radiation patterns are 
studied with a high-resolution human model.  

Index Terms — Dual-mode, antenna, ISM band. 

I. INTRODUCTION 

In recent years, body-centric wireless communications 
(BCWCs) have become a very active area of research 
because of their numerous applications in areas such as 
personal health care, smart homes, personal entertainment, 
and identification systems [1-2]. Especially many researchers 
considered remote health monitoring as the biggest potential 
applications with all kinds of wearable wireless devices. 
Thus these devices can be applied in on-body and off-body 
communications. In personal health-care systems, at least 
two modes of communication are required: on-body mode 
(collecting medical data) and off-body mode (exchanging 
data with outside networks). For on-body communications, 
the communication range is limited on the human body. Both 
wearable transmitter and receiver are mounted on the surface 
of the human body, and biophysical signal can be transmitted 
along the human body [3]. Off-body communications present 
the communication from the surface of the human body to a 
nearby external device. At least one antenna is located on the 
human body, and biophysical signal can be transmitted from 
the antenna on the human body to the external device [4], as 
shown in Fig.1. For example, the body signals can be 
detected and recorded in the on-body mode, and then the 
signals can be transmitted to external device in the off-body 
mode. 

In this paper, we utilized the electrode and slit structures to 
develop a dual-mode (on-body and off-body modes) antenna 
for personal health care applications. In this study, on-body 
and off-body communications at 21 MHz and ISM band 2.45 
GHz will be discussed with a high-resolution human 
model[5]. 

 
 
 
 

 
 
 
 
 
 
 
 

Fig. 1.Example of personal health-care systems. 

II. ANTENNA STRUCTURE 

Fig.2 presents the proposed dual-mode antenna. It consists 
of a feeding pin, a signal electrode and a radiator. In order to 
reduce the size and resonate in ISM band, two slits are 
embedded in the radiator. The size of the antenna is 30×25×4 
mm3. The length of the slit in the radiator is 18 mm in length 
and 2 mm in width. The height of the signal electrode is only 
4 mm and the feeding pin is located in the signal electrode. 
This antenna works as a receiver in on-body mode (21 MHz) 
and a transmitter in off-body (2.45 GHz). In order to concern 
the equipment packaging, we placed a plastic (εr = 2.17) with 
2 mm in thickness between the antenna and the human body, 
as shown in Fig.2. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Structure of the dual-mode antenna. 

III. RESULTS AND DISCUSSION 

A. Off-body mode 
In order to perform the off-body communications, we 

evaluated reflection coefficients changing the size of antenna 
and the length of the slit in the radiator. Fig.3 presents the 
simulated reflection coefficients when the antenna structure 
in Fig.2 works best in various examination. In addition as 
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examples of the parameter studies, the results when the 
length of the slit was 16 and 17 mm were also presented in 
Fig.3. In the result of the proposed antenna, reflection 
coefficient at 2.45 GHz in ISM band was -11 dB.  Therefore, 
the proposed antenna can transmit at 2.45 GHz for off-body 
mode because the proposed antenna was below -10 dB. 

  Fig.4 presents the simulated radiation patterns on the 
high-resolution human model. From the results, the radiation 
patterns in both planes are relatively omni-directional with 
no deep nulls in the half-sphere above the human body. 
Therefore, the proposed antenna is a good candidate for off-
body communications. In addition, the weaker radiation 
toward the human body is due to the absorption by  human 
body. 

 
 

 

 

 

 
 

Fig. 3. Reflection coefficients. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 xy-plane 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

yz-plane 
  

Fig. 4. Simulated radiation patterns at 2.45 GHz. 

B. On-body mode 
In previous section, we confirmed the proposed antenna 

can transmit at 2.45 GHz for off-body mode. Next, we 
evaluated possibility of transmitting at 21 MHz for on-body 
mode. The received voltage between the proposed antenna 
and the external device is studied. The size and height of the 

external device is 28×28 mm2 and 4 mm, as shown in 
Fig.5.(a). The proposed antenna is attached to the waist while 
external device is attached to the left hand in Fig.5.(b). The 
voltage of the transmitted antenna is 1 Vp-p. From the 
simulated results, received voltage is -95 dB. In reference [6], 
the lowest received voltage of antenna for only on-body 
mode was -100 dB in similar situation, however, the antenna 
for only on-body mode was able to transmit. In comparison 
with this result, the proposed antenna is better. Therefore, the 
proposed antenna can transmit at 21 MHz for on-body mode. 

 
 
 
 
 
 
 
 
 
 
 
           (a). external device.           (b). attached point. 
                           Fig. 5.Analytical model. 

IV. CONCLUSION 

In this paper, we proposed a compact wearable dual-mode 
(on-body and off-body modes) antenna for personal health 
care systems. In order to verify the antenna, received voltage 
at 21 MHz, reflection coefficient and radiation patterns in the 
2.45 GHz are discussed. From the results, the proposed dual-
mode antenna can be applied in on-body and off-body 
communications for medical applications. 

In the future, we will try to use whole body phantom to 
evaluate the performance of the wearable antenna.  
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