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A low-profile repeater antenna with parasitic elements for on-on-off WBAN applications is proposed. The proposed antenna
consists of a planar inverted-F antenna (PIFA), two parasitic elements, and a ground plane with a slot. Due to the slot, the impedance
matching of the resonance formed by the PIFA is improved, which makes the proposed antenna operate in the 5.8 GHz industrial,
scientific, and medical (ISM) band. To cover the 5.2 GHz wireless local area network (WLAN) band, a dual resonance characteristic
is realized by the slot and the two parasitic elements. The first coupling between the PIFA and the slot not only makes the slot operate
as a resonator, but also forms secondary coupling between the slot and the two parasitic elements. The two parasitic elements operate
as an additional resonator due to secondary coupling. The antenna has the enhanced near surface radiation in the 5.8 GHz ISM
band due to addition of the slot and radiation toward off-body direction in the 5.2 GHz WLAN band. In order to evaluate antenna
performance considering the human body effect, the antenna characteristics on a human equivalent phantom are analyzed.

1. Introduction
In recent years, wireless body area network (WBAN) systems, communication systems transmitting or receiving a
considerable amount of information near the human body,
have been studied for various applications including medical,
healthcare, automotive, and military services [1–3]. The
antenna for WBAN systems should meet specific requirements, such as low-profile, low specific absorption rate
(SAR), and stable performance, because the WBAN devices
including the antenna are placed around the human body
[4]. By establishing the proper communication link among
WBAN devices, the vital signs of patients can be observed
and transmitted [5]. In order to monitor the health status of
patients, it is necessary to ensure robust on-off body communication between the wearable device (on-body device)
and the monitoring device (off-body device) [6]. To improve
on-off body communication performance, an on-on-off body
repeater antenna suitable for on-on body communication
(on-body device to the repeater antenna) and on-off body
communication (the repeater antenna to off-body device) is
needed. For on-on body communication, the antenna should

strongly radiate along the surface direction of the body like a
vertical monopole, that is, the monopole mounted vertically
with respect to the ground [7, 8]. However, since a vertical
monopole has the largest height, it is not appropriate for
on-body applications. For on-off body communication, the
maximum radiation of the antenna should be in the normal
to the surface of the body [9]. To satisfy the previously
mentioned features, low-profile repeater antennas for on-on
body and on-off body communications are researched [10–
12]. These repeater antennas consist of two radiators and two
substrates: a half-circular patch (on-on body) and a slot (onoff body) [10], a long stripline (on-on body) and a patch
(on-off body) [11], and a circular patch (on-off body) and a
T-shaped patch (on-off body) [12]. However, these repeater
antennas have the largest height due to the two substrates,
which is not suitable for on-body applications. To overcome
this problem, the repeater antenna is designed using a single
substrate in this paper.
A low-profile repeater antenna with parasitic elements
for on-on-off WBAN applications is proposed in this paper.
By adding a slot and two parasitic elements, the antenna
has a wideband characteristic covering the 5.2 GHz wireless
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Figure 1: Configuration of the proposed antenna: (a) top view and (b) bottom view.
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Figure 2: Simulation set-up of the proposed antenna on the phantom.

local area network (WLAN) band (5.15 GHz–5.35 GHz) and
the 5.8 GHz industrial, scientific, and medical (ISM) band
which is defined as 5.725 GHz–5.825 GHz [13–15]. Due to the
slot, near surface radiation is enhanced in the 5.8 GHz ISM
band for on-on body communication. In the 5.2 GHz WLAN
band, the antenna has on-off body radiation characteristics.
The antenna performance is investigated by using a human
equivalent phantom to include the effect of the human
body.

2. Antenna Configuration
The proposed antenna consists of a PIFA, two parasitic
elements, and a ground plane with a slot as shown in
Figure 1. The PIFA with two parasitic elements is located
on an FR4 substrate (𝜀𝑟 = 4.4, tan 𝛿 = 0.02). The
dimension of the substrate is 41 mm × 48 mm × 1 mm.
The ground plane with the slot is placed on the bottom of
the substrate. The slot is used to improve the impedance

matching of the PIFA and operates as a resonator through the
electromagnetic coupling between the PIFA and the slot. The
two parasitic elements act as an additional resonator due to
the secondary coupling between the slot and the two parasitic
elements.
Figure 2 shows the simulation set-up of the proposed
antenna on the phantom with a dimension of 200 mm ×
270 mm × 60 mm. The antenna and the phantom are separated by a distance of 10 mm. To analyze the performance of
the antenna on a human body, a phantom of human muscle
tissue with electrical properties of 𝜀𝑟 = 48.2 and 𝜎 = 6 S/m is
used [16].

3. Operating Principle
Figure 3 shows the simulated reflection coefficients of the
proposed antenna in air and on the phantom and those of
the antenna without the slot. The proposed antenna has three
resonances and a −10 dB reflection coefficient bandwidth of
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Figure 4: Simulated surface current distribution on the ground
plane of the proposed antenna at 5.77 GHz.

0.74 GHz (5.12 GHz–5.86 GHz) covering the 5.2 GHz WLAN
band and the 5.8 GHz ISM band. The resonance frequency
of the antenna without the slot is due to the PIFA element
and increases from 5.61 GHz to 5.77 GHz (𝑓3 ) with improved
impedance matching by adding a slot. The reason why the
resonance frequency increases due to the slot is because the
coupling between the PIFA and the ground plane decreases
due to a null field formed on the PIFA by the slot as
shown in Figure 4, which decreases the equivalent electrical
length of the PIFA. Eventually, the required bandwidth of the
5.8 GHz ISM band is satisfied. The dual resonances (𝑓1 and
𝑓2 ) formed by the slot and two parasitic elements provide
enough −10 dB reflection coefficient bandwidth to cover the
5.2 GHz WLAN band. When the reflection coefficients of
the proposed antenna with and without the phantom are
compared, it is observed that the antenna operates stably
over the 5.2 GHz WLAN band and the 5.8 GHz ISM band,
regardless of the existence of the phantom. The simulations
are performed using HFSS [17].

Figure 5: Simulated electric field distributions on the ground plane
of the proposed antenna: (a) 5.18 GHz and (b) 5.4 GHz.

Figures 4 and 5 illustrate the simulated surface current
and electric field distributions of the proposed antenna,
respectively. As shown in Figure 4, the PIFA mainly acts as
a resonator at 𝑓3 = 5.77 GHz. In Figure 5, the first coupling
between the PIFA and the slot not only makes the slot operate
as a resonator at 𝑓2 = 5.4 GHz but also generates the
secondary coupling between the slot and the two parasitic
elements. At 𝑓1 = 5.18 GHz, the two parasitic elements act
as a resonator due to the secondary coupling.

4. Parametric Analysis and Optimization
Figure 6 illustrates the simulated reflection coefficients for
various values of width 𝑤. As the width 𝑤 of the PIFA
decreases slightly, the impedance matching of 𝑓1 and 𝑓2
deteriorates greatly. In contrast, 𝑓3 formed by the PIFA
remains relatively unchanged. The reason why the reduction of 𝑤 has an impact on 𝑓1 and 𝑓2 is that the electromagnetic coupling between the PIFA and the slot is
affected substantially by the change in width of the PIFA.
To achieve the wideband characteristic covering the 5.2 GHz
WLAN band and the 5.8 GHz ISM band, 𝑤 is chosen to be
10 mm.
In Figure 7, the simulated reflection coefficients for various values of gap distance 𝑔 are shown. As 𝑔 increases,
𝑓1 increases with the degraded impedance matching, which
confirms that the resonance at 𝑓1 is formed by the two
parasitic elements. Because 𝑔 is the gap distance between
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Figure 7: Simulated reflection coefficients for various values of gap
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the two parasitic elements, the length of the two parasitic
elements decreases by increasing 𝑔. In turn, the resonance
frequency 𝑓1 moves to the higher frequency side. By choosing 𝑔 = 0.4 mm, the proposed antenna simultaneously
satisfies the 5.2 GHz WLAN band and the 5.8 GHz ISM
band.
Figure 8 shows the simulated reflection coefficients for
various values of length 𝑙. As 𝑙 decreases, the impedance
matching at 𝑓1 and 𝑓3 deteriorates and the resonance frequency 𝑓2 decreases. When 𝑙 is 20 mm, the performance of
the antenna is optimized to cover the 5.2 GHz WLAN band
and the 5.8 GHz ISM band.
Figure 9 shows the simulated reflection coefficients for
various values of distance 𝑑 between the antenna and
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Figure 9: Simulated reflection coefficients for various values of
distance 𝑑.

the phantom. As 𝑑 increases, the impedance matching of
𝑓2 mainly deteriorates. When 𝑑 is 10 mm, the wideband
characteristic covering the 5.2 GHz WLAN band and the
5.8 GHz ISM band is achieved. Also, regardless of the
change in 𝑑, the −10 dB reflection coefficients bandwidth
covers fully the 5.2 GHz WLAN band and the 5.8 GHz ISM
band.

5. Simulated and Measured Results
In Figure 10, the manufactured prototype antenna is shown.
In order to analyze the prototype antenna performance
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Figure 10: Manufactured prototype antenna: (a) top view and (b) bottom view.
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Figure 11: Measurement set-up of the prototype antenna on the
manufactured phantom.

considering the human body effect, a manufactured human
equivalent phantom [18] is used as shown in Figure 11.
Figure 12 illustrates the simulated and measured reflection coefficients of the proposed antenna. The simulated
reflection coefficient is well matched with the measured one.
The manufactured prototype antenna has a wide bandwidth
(5.1 GHz–5.86 GHz) that can fully cover the 5.2 GHz WLAN
band and the 5.8 GHz ISM band.
Figure 13 shows the simulated and measured radiation
patterns of the proposed antenna. The simulated radiation
patterns agree well with the measured ones. At 5.18 GHz,
the antenna mainly radiates towards the direction which is
normal to the phantom surface for on-off body communication. Because the antenna has maximum radiations along
the 𝜃 = 30∘ direction in the 𝑥𝑧-plane and the 𝜃 = 45∘ and
330∘ directions in the 𝑦𝑧-plane at 5.77 GHz, the proposed
antenna is suitable for on-on body communication in the
5.8 GHz ISM band. Therefore, the radiation characteristics
of the proposed antenna are suitable for on-on-off WBAN
repeater application. According to [19], the PIFA generally
has maximum radiation towards the direction normal to the
PIFA surface, whereas the proposed antenna has maximum
radiation towards the surface due to the slot in the ground
plane. The measured peak gains are 1.2 dBi and 1.91 dBi at
5.18 GHz and 5.77 GHz, respectively.
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Figure 12: Simulated and measured reflection coefficients of the
proposed antenna.

Figure 14 shows the simulated average SAR distributions
of the proposed antenna when it is placed on the human
equivalent phantom. The SAR value should be lower than
1.6 W/Kg over a 1 g volume of tissue in a partial body [20].
When the input power of 65 mW is applied, the average
SAR values are 0.55 W/kg at 5.18 GHz and 0.25 W/kg at
5.77 GHz.
Figure 15 illustrates the simulation set-up of the onbody to on-body communication link. The two proposed
antennas are placed on the human equivalent flat phantom
with a dimension of 200 mm × 800 mm × 60 mm. A distance
between two proposed antennas is 500 mm. Figure 16 illustrates the simulated 𝑆-parameters of the on-body to on-body
communication link. The simulated peak 𝑆21 value is −55.6 dB
at 5.77 GHz, which is suitable for the on-body to on-body
communication link, described in [21].
In Table 1, the size comparison between previous repeater
antennas and the proposed antenna is given. The proposed
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Figure 14: Simulated average SAR distributions of the proposed antenna when placed on the human equivalent phantom (input power:
65 mW): (a) 5.18 GHz and (b) 5.77 GHz.

Table 1: Size comparison between previous repeater antennas and
proposed antenna.

comparison. Therefore, the proposed antenna is suitable as a
low-profile on-body repeater antenna.

Previous
works

6. Conclusion

[10]
[11]
[12]
Proposed
antenna

Volume
occupation
3

Thickness

5956.6 mm
148500 mm3
4320 mm3

3.15 mm (0.026𝜆 0 @ 2.45 GHz)
5.5 mm (0.045𝜆 0 @ 2.45 GHz)
3.2 mm (0.026𝜆 0 @ 2.4 GHz)

1968 mm3

1 mm (0.017𝜆 0 @ 5.18 GHz)

antenna not only has the thinnest thickness but also occupies
the smallest volume among the four repeater antennas in the

A low-profile PIFA antenna with parasitic elements for onon-off WBAN repeater applications is proposed in this paper.
By using the slot and the parasitic elements, the antenna
on the phantom has a wide −10 dB reflection coefficient
bandwidth of 0.76 GHz covering the 5.2 GHz WLAN band
and the 5.8 GHz ISM band. The near surface radiation of the
antenna is enhanced by the slot for the 5.8 GHz ISM band
on-on body communication. In addition, the antenna mainly
radiates towards the direction normal to the phantom surface
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at the 5.2 GHz WLAN band. Consequently, the proposed
antenna is a promising candidate for on-on-off WBAN
applications.
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