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Abstract 

The design, simulation and fabrication of a P-shaped monopole antenna for wireless body 

area networks (WBAN) applications is presented in this paper. It is noted that the radiation 

characteristics was improved by attaching a P-shaped element to the ground plane. The 

simulation of the proposed antenna in the free space and close proximity of body surface has 

been done using CST Microwave Studio. The proposed antenna is designed on the FR4 

substrate with dielectric constant of 4.4 and 1.6mm thickness; and the operating frequency 

band is between 3.1 to 5.1GHz. The final optimized design has dimensions of 32mm ×28mm. 

The proposed antenna improves the gain of close proximity of body surface. In addition, the 

antenna improves the reflection coefficient when placed close human body compared to other 

antennas. It was observed that there is good agreement between the simulation and 

measurement results, thereby showing that the antenna is potential to be deployed for WBAN 

application. 

 
Keywords: Monopole antenna, Ultra wide band, WBAN applications, Wireless 
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1. Introduction 

The modern and future communication systems are being driven by various wireless 

technologies. An essential part of this concept is an approach that focuses on the user in the 

services that are available continuously and provide system's flexibility, modesty and the 

correct guidance of the human mind. A wireless body area network (WBAN) focuses on 

networks consisting of interconnected nodes. The units can be integrated into the human body 

or in the vicinity such as everyday clothing [1]. 

Ultra-wideband (UWB) technology is beneficial, as it offers low power spectrum and 

antenna compactness. Moreover, the UWB technology can also be used for the future short-

range high-speed indoor wireless personal area networks (WPAN) and WBANs [2]. 

WBANs have been employed in such applications as medical purposes in order to keep 

continuous records and permanent monitoring of patients’ health conditions anywhere at all 
times. These conditions include blood pressure, ECG, sugar level and temperature [3]. 
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UWB has become one of the best technologies being applied in networking, radar, 

imaging, GPS systems and microwave imaging of abnormal tissues [4]. As contained in the 

Federal Communication Commission (FCC) in 2002, the full bandwidth (BW) of UWB 

technology covers from 3.1 to 10.6 GHz for UWB communication applications. For system 

efficiency, UWB system was divided into lower (3.1-5.1 GHz) and higher bands (6 -10.6 

GHz) [6]. 

The antenna is an essential element of WBAN applications for off-body, in-body and on-

body communication system [7, 8]. The proposed antenna must have a small size for human 

body application. The antenna must also put the three layers of body tissues (skin, fat and 

muscle) into consideration, with relative permittivity and different thickness [9]. 

The major drawback on the human body is the dispersive effects. Designing an antenna for 

WBAN applications is a challenging task. The reflection coefficient of the antenna in 

proximity of the human body is dropped and shifted compared to the free space scenario. In 

addition, reduced gain and efficiency are the main effects of the human body on such 

antenna’s performance [10]. A new method of reducing these human-body effects on the 

antenna’s performances, in terms of reflection coefficient and gain, is presented in this paper. 
As reported in the previously published studies [11-12], it is preferable to use the lower 

band of UWB for WBAN applications due to high interference by WLAN, especially at 5.8 

GHz. The interference scenario is illustrated in Figure 1. The simulation and measurement 

results of the proposed antenna have been presented both in free space and close proximity to 

body tissues The study has considered different dimensions of the antenna and the human 

body tissues. The antenna has been simulated using CST microwave Studio 2012 software 

package based on finite integral method [13]. The parametric studies were also carried out to 

investigate different antenna parameters in order to achieve the optimized design. 

 

 

Figure 1. WBAN applications at ISM and UWB 

2. Antenna Design 

The proposed antenna is designed with a P-shaped radiator element Figure 2 (a) and (b) 

show that  one P-shaped element is connected to the ground plane on the back side while the 

isometric view is shown in Figure 2 (c). Cost wise, the antenna is fabricated on FR4 substrate 

material with loss tangent of 0.02, dielectric constant of 4.4 and a thickness of 1.6 mm. The 

optimized dimension of the proposed antenna is 32×28×1.6mm
3
. After few parametric 

studies, the optimized antenna parameters are as follows: A=28mm, B=32mm, a=10mm, 

b=13mm, X1=8.5mm, X2=19mm, X3=7.5mm, a1=10mm, Y1=23mm, Y2=10mm, 
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Y3=15.75mm, Y4=2.75mm, R1=3mm, R2=3mm, G=8.4mm and feed line weight=1.5mm. 

The antenna prototype is shown in Figure 3.  

 

 

(a) front view (b) back view 
 

 

(c) isometric view 
Figure 2. The proposed P-shaped monopole antenna geometry 

 

 
Figure 3. Prototype of the proposed P-shaped monopole antenna 
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3. Parametric Studies for the Proposed P-shaped Monopole Antenna 

Different parameters of the ground plane with and without P-shaped element have been 

investigated.  Also, the effects of the ground plane dimensions (G) on the performance of the 

proposed antenna has been analyzed. 

 

3.1. Effect of the P-shape of the Ground Plane 

The effect of the P-shape on the ground plane has been investigated. The proposed antenna 

with and without the P-shape in the ground plane is shown in Figure 4. The simulated 

reflection coefficient is shifted from (3.0-5.5GHz) to (3.85-6.77GHz) with P-shaped 

implementation as shown in Figure 5. The P-shaped element has been introduced in the 

ground plane in order to avoid the interference from 5.8 GHz WLAN. Besides enhancing the 

impedance bandwidth (BW), the proposed antenna radiation efficiency is improved to more 

than 90% with P-shape element as compared to without P-shape. Moreover, the antenna with 

P-shape has better gain of double the antenna without P-shape as summarized in Table 1.  

 

  

(a) (b) 

Figure 4. The proposed antenna (a) With P-shaped element in the ground plane 
(b) Without a P-shaped element in the ground plane 

 

 

 

Figure 5. The simulated results of the reflection coefficient, S11 
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Table 1. The improved characteristics of the proposed antenna with and 
without P-shape in the ground plane 

Ground plane Operating 

frequency (GHz) 

Gain at (4.5 and 

5.1) GHz 

Efficiency %  at  (4.5 and 5.1 ) 

GHz 

With P- shape (3.0 - 5.5) 2.4 and 2.2 dB 96%  and 94% 

Without P- shape (3.85 - 6.77) 1,8 and 1.1 dB  73%  and 78% 

 

The P-shaped antenna without parasitic element in the ground plane covered a frequency 

range between 3.85 to 6.77GHz. It was noted that the WBAN frequency range is covered by 

attaching the P-shaped element in the ground plane. 

 

3.2. Effect of length (G) on ground plane of the proposed antenna 

The ground plane length (G) (see Figure 2) has an effect on the performance of the 

proposed antenna; which has been investigated in this study. The optimized dimensions of the 

P-shape of the ground plane are G=12mm, 8.4mm and 6mm. The simulated reflection 

coefficient at different G values of 6, 8.4 and 12 mm are compared and illustrated in Figure 6. 

As G=12 mm, the operating frequency ranges from 5 to 6.3 GHz. When G=6 mm the antenna 

caters from 2.86 to 3.33 GHz. The proposed antenna operates with a dual band from 2.9 to 3.5 

GHz and from 6.2 to 6.55 GHz when G= 5.8mm. Therefore the optimum value of G=8.4mm 

for the 3.05 to 5.5 GHz band in WBAN applications. 

 

 

Figure 6. Comparison of the reflection coefficient S11 for different values of G 

4. Results and Discussion 

The simulated and measured reflection coefficient of the proposed antenna is shown in 

Figure 7, according to the design requirements. It refers to wide BW covering from 3.05 to 

5.5 GHz. As shown in the figure, the reflection coefficient obtained is -30.7 dB (at 3.4 GHz). 

The proposed antenna has simulated BW and fractional BW of 2.52GHz and 58.2 % 

respectively.  

The measured frequency band of the proposed antenna cater from 2.86 to 5.55 GHz (BW = 

2.69 GHz). There are reasonable agreements between the measured and simulated reflection 

coefficient characteristics. 
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Figure 7. Measured and the simulated S11 results of the proposed antenna 
 

Three layers are designed for the chest of human body tissues in this work, which consists 

of muscle, fat and skin. The chest body dimensions are about 150×150×36mm
3
; and the 

thicknesses of skin, fat and muscle are 1.0 mm, 5mm and 30mm, respectively. The distance 

between antenna and body surface is represented by (d). In this analysis, the proposed antenna 

is placed very close to the body (d=3mm). 

The numerical value of specific absorption rate (SAR) can be seen to have increased from 

the lower frequency (3.1GHz) to the higher frequency (5.1GHz). The SAR (10g) values will 

be within the limit of allowable SAR. The SAR of the proposed antenna are 1.83W/kg, 

2.04W/kg and 2.9 W/kg at 3.4GHz, 4.5GHz and 5.1 GHz respectively. 

Furthermore, the reflection coefficient, antenna efficiency and radiation patterns of P-

shaped antenna in the free space and near human body have been analyzed. 

 

4.1. Reflection coefficient of the proposed antenna in the free space and near human 

body 

One of the main problems encountered in using antenna near body is changing and shifting 

the s11 compared to in the free space. This means the BW and covering frequency will be 

shifted or changed when the antenna is used near human body.  

By introducing P-shaped element in the ground plane, it is found that the covering band for 

free space and close to human body tissues is more stable. It can be concluded that the 

antenna’s reflection coefficient is more stable, although the distance is much closer as long as 
the antenna. The comparison of the return losses in free space and close body surface is 

shown in Figure 8. The P-shaped monopole antenna improves the reflection coefficient, while 

decreasing the human-body effects compared to other antennas. 
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Figure 8. The comparison of the reflection coefficient S11 of the proposed 
antenna  

 
4.2. The Radiation Patterns of the Proposed Antenna in the Free Space and Near 

Human Body 

Another problem is the reduced gain when the antenna is placed near human body. In this 

work, it is found that the antenna can be increased by attaching the P-shaped element in the 

ground plane. 

The proposed antenna has improved the gain when placed near human body compared to 

free space. The radiation pattern was measured and simulated in the free space, and the results 

have shown that the gains are 2.8 dB, 2.4 dB and 2.2 dB at 3.4 GHz, 4.5 GHz and 5.1 GHz 

respectively. When the P-shaped antenna is placed close to the body (d=3mm), the simulated 

and measured gains are 5.5 dB, 5.3 dB and 4.9 dB at 3.1GHz, 4.1 GHz and 5.1GHz 

respectively. 

The measured and simulated of E-and H-plane patterns at 3.4, 4.5 and 5.1 GHz in the free 

space and close to human body tissues at d = 3mm are shown in Figure 9. It can be seen that 

the E-plane and H-plane radiation pattern are affected when the antenna is placed close to the 

body. 

  

(a) (b) 
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(c) (d) 

  

(e) (f) 

Figure 9. Measured and simulated radiation pattern of the proposed antenna 
(a) H- and E-plane pattern at 3.4GHz in free space. (b) H- and E-plane pattern at 
3.4 GHz close human body. (c) H- and E-plane pattern at 4.5 GHz in free space. 

(d) H- and E-plane pattern at 4.5 GHz close human body. (e) H- and E-plane 
pattern at 5.1 GHz in free space. (f) H- and E-plane pattern at 5.1 GHz close 

human body 

4.3. Radiation efficiency of the proposed antenna in the free space and near human body 

The human body will affect the radiation efficiency. Indeed, the efficiency of the antenna 

near human body is less, compared to the free space efficiency. In [14], the antenna’s near 
body efficiency are 12 %, 7 % and 27% at 3.4, 4.5 and 6 GHz respectively. 

The comparison of proposed antenna efficiency in free space and close human body is 

presented in Figure 10. The P-shape monopole antenna with P-shaped element in the ground 

plane has improved efficiency close human body compared other antennas. 
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Figure 10. The comparison of proposed antenna efficiency 
 

5. Conclusion 

A P-shaped monopole antenna was designed, simulated and fabricated operable from 3.1 to 

5.1 GHz, for WBAN applications. The antenna was designed with the P-shaped radiator 

element with one P-shaped element connected to the ground plane on the back side of the 

substrate. The proposed P-shape antenna’s gain when placed close human tissue has been 
improved by attaching the P-shaped element in the ground plane. Moreover, the antenna has 

been able to solve the interference problem associated with WLAN in the 5 - 6GHz band at 

5.8GHz. The antenna has improved the instability of antenna return loss at a closer range to 

the human body. It has improved the antenna efficiency at closer range of the human body. 

The measured and simulated results have shown that the proposed antenna provides good 

performance in terms of return loss and radiation pattern for WBAN applications. 
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