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Abstract: In this paper a dual band, a dual band Planar Inverted F antenna (PIFA) is designed for 

wireless communication intended to be used in wireless body sensor networks. The designed PIFA 

operates at two different frequency bands, 2.45 GHz (ISM band) and 5.2 GHz (HiperLAN band). In 

body-centric wireless networks antennas need to be integrated with wireless wearable sensors. An 

antenna is an essential part of wearable body sensor networks. For on-body communications 

antennas need to be less sensitive from human body effects. For body-centric communications 

wearable devices need to communicate with the devices located over the surface and also there is a 

need of communication from on-body devices to off-body units. Based on this need a dual band 

planar inverted F antenna is designed which works at two different frequency bands, i.e., 2.45 GHz 

and 5.2 GHz. The 2.45 GHz is proposed for establishing communication among the wireless sensor 

devices attached on the human body while 5.2 GHz is proposed for the communications form on-

body to off-body devices. The proposed antenna is very compact and due to having ground plane 

at the backside it shows less sensitive to the effects of the human body tissues. Computer Simulation 

Technology (CST) microwave studio™ was used for antenna design and simulation purposes. 

Performance parameters such as return loss, bandwidth, radiation pattern and efficiency of this 

antenna are shown and investigated. These performance parameters of the proposed antenna have 

been investigated at free space and close proximity to the human body. Simulation results and 

analysis show that the performance parameters of the proposed very good results at both frequency 

bands. Due to its compact size, less sensitive to the human body tissues and dual band functionality, 

it will be a good candidate for wireless wearable body sensor networks. 
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1. Introduction 

In Wireless Body Sensors Networks (WBSANs), the wireless connectivity between body-centric 

units is provided through the placement of sensor and compact antennas. Recently, an amassed 

interest in body centric wireless communications has made the research field very popular. Wireless 

sensor and body area networks are striking solutions that can be used in healthcare applications, 

which will qualify constant monitoring of health data and constant access to the patient. In WBSANs 

communication, the wireless connectivity between body-centric units is provided through the 

deployment of sensor and compact antennas [1,3,8]. Body-worn antennas can suffer from reduced 

efficiency and gain due to electromagnetic immersion in tissue, radiation pattern fragmentation, 

variations in feed point impedance and frequency detuning [1,3,8,16,18]. It was predicted that 

wireless sensor solutions could save $25 billion worldwide in annual healthcare costs by plummeting 

hospitalizations and extending independent living for the elderly [1]. 
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In common healthcare monitoring scenarios, it is very essential for the antenna to communicate 

among the devices on the body and off-body devices. The on-body-communications defines the 

communication among body mounted devices and off-body communication defines the 

communication from body worn devices and base units or mobile devices located in surrounding 

environments [10]. Lately, designing wearable antennas has been increasing interest in research and 

development for body sensor networks [2,3,8,16,18]. Planar Inverted-F Antenna (PIFA) has been 

prevailing for handling wireless devices because of their many characteristics such as simple design, 

lightweight, low cost, compactness, conformable nature and reliable performance [2–4]. Previously, 

many researchers have designed wearable antennas for on-body communications at 2.45 GHz and 

ultra-wideband (UWB) at 3.1~10.6 GHz [8–16]. However, antennas of wireless body sensors networks 

need to communicate body mounted devices and also off the body devices. 

In this paper, a dual band planar inverted F antenna (PIFA) is designed for both on and off-body 

communications. Performance of proposed antenna is studied in free space and on the three layers 

human body model. The antenna operates at two frequency bands, i.e., 2.45 GHz (ISM band) and 5.2 

GHz (Hiperlan band). The 2.45 GHz is designed for communication among the devices attached on 

the human body and 5.2 GHz is used for the communication from body mounted devices to off-body 

other devices. 

2. Proposed PIFA Antenna Design 

The proposed PIFA is comprises of a rectangular planar element located above a ground plane, 

a shorting pin and feeding pin for the planar element. Computer Simulation Technology (CST) 

microwave studio™ software was used for the design and results of the antenna. The software design 

and schematic drawing of the dual band PIFA is presented in Figure 1. The antenna was designed on 

FR4 substrate with a thickness of 1.52 mm and a relative permittivity of 4.6. In this proposed design 

there is full ground plane of the antenna. The size of the ground plane is 63 mm × 34 mm with a total 

height of the antenna 6.92 mm. 

  

Figure 1. Developed antenna software design of the PIFA, and schematic diagram of the PIFA. 

Microstrip feed line was used to excite this antenna. The gap between the shorting pin and the 

feeding pin is 1.5 mm. The aim of the shorting pin of the PIFA is to reduce the size of the antenna and 

to achieve the impedance matching [7,9,17]. The radiating element of rectangular PIFA works at the 

lower frequency band (2.45 GHz). The double F shape slits are introduced on the antenna structure 

with a view to achieve 5.2 GHz band. The bandwidth of the dual band PIFA can be achieved by 
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changing radiating element size, changing the width of the shorting pin, and adding slot on the 

ground plane. 

3. Results and Analysis 

The antenna first was designed using CST software as mentioned earlier. The free space design 

performance parameters of the antenna were extracted and then the antenna was placed on the three 

layers human body model in order to study the effects of human body on the antenna performance 

parameters. Figure 2 shows the antenna on the designed three layers human body model. In this 

study, three layers (skin, fat and muscle) of rectangular human model is created with human tissues 

electrical properties defined at 2.45 GHz and 5.2 GHz, respectively. For 2.45 GHz, relative 

permittivity and conductivity used for skin, fat and muscle are 38.007 and 1.464 (S/m); 5.2801 and 

0.10452 (S/m); 52.729 and 1.7388 (S/m) respectively. Similarly for 5.2 GHz, relative permittivity and 

conductivity for skin, fat and muscle are 35.618 and 3.2106 (S/m); 5.0113 and 0.25407 (S/m); 49.292 

and 4.2556 (S/m) respectively [19]. The distance between the antenna and the three layer human body 

model was 8 mm. 

  

Figure 2. Antenna on three layers human body model. 

The free space and on-body return loss response of the antenna is presented in Figure 3. In Figure 

3 it is noticed that the antenna works at two different frequencies which are 2.438 GHz (ISM Band) 

and 5.2 GHz (HiperLAN band). The antenna shows good return loss responses at both frequency 

bands of operations. Very slight frequency detuning is noticed which is due to the dielectric 

properties of human body lossy tissues. Interesting is that the return loss improves at both 

frequencies when placed on the human three layer model. Rerun loss and frequency is very less 

sensitive on the human body which shows suitability of the antenna for WBSNS. 
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Figure 3. Free space and on-body return loss responses of the PIFA. 

If frequency is out of the range there will be serious problem and the return loss shows power 

transmission capability. Since the rerun losses in both cases are more than −10 dB means more than 

90% power will be transferred providing the fact that the antenna will be good for power efficient 

communication in WBSNs. The antenna shows 136.3 MHz bandwidth at −10 dB impedance at lower 

frequency and at higher frequency the bandwith is noticed to be 73 MHz. Placing the antenna on the 

body bandwidth increases at the lower frequency at about 44 MHz and at higher frequency sight (6.6) 

MHz reduction is observed. The antenna shows required ISM band bandwidth (88 MHz) even 

placing on the body. List of detail results about antenna parameters are listed in Table 1. 

The PIFA shows a maximum peak gain of 3.77 dBi at 2.45 GHz while 2.53 dBi gain is noticed at 

5.2 GHz. After the simulation on the three layers human body model a decrease of 0.9 dB gain is 

noticed at lower band but increase of 1.21 dB is noticed for higher frequncy band. Even on the body 

the antenna shows excellent gains which are enough for both frequany bands to transmit power 

efficiently with efficient link power. The free space radiation efficiency of the proposed PIFA is 

98.64% and 94.43% at lower and higher bands, respectively. 

Table 1. Comparison of performance parameters of the PIFA (free space and on-body). 

Parametrs 
Lower Band(2.45 

GHz)Free Space  

HigherBand(2.45 

GHz) On-body  

Higher Band(5.2 

GHz)Free Space  

HigherBand(5.2 

GHz)On-body  

Resonance fc 

(GHZ) 
2.4382 2.4131 5.168 5.1659 

Return Loss (dB) −13.16 −19.658 −21.427 −21.762 

Bandwidth(MHz) 136.3 180.7 73 66.4 

Gain (dB) 3.772 2.775 2.537 3.748 

Efficiency % 98.64 61.68  94.43 69.43 

When it is placed on the body due to lossy human body tissues reduction of 36. 98% at 2.45 GHz 

and 25% at 5.2 GHz are noticed. Although the reduction of radiation efficiency is noticed but still the 

radiation efficiency are very good for both bands. The less reduction of radiation efficiency is due the 

ground plane of the antenna at the backside that acts as a shield between the body and the antenna. 

Free space and on-body radiation patterns at both frequency bands of the antenna are presented 

in Figures 4 and 5. From the graph it is noticed that when antenna simulated on the human body the 

radiation patterns of the antenna at both bands do not deform but power levels varies slightly. The 
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results of the radiation patterns at both frequencies of the PIFA show that the antenna will show good 

performance for establishing power efficient communication among the devices located on the body 

and also off-body devices. 

  

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

Figure 4. Free space radiation pattern at (a) XY Plane at 2.438 GHz (b) YZ Plane at 2.438 GHz (c) XY 

Plane at 5.168 GHz (d) YZ Plane at 5.168 GHz. 

  

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

Figure 5. On-body radiation pattern at (a) XY Plane at 2.438 GHz (b) YZ Plane at 2.438 GHz (c) XY 

Plane at 5.168 GHz (d) YZ Plane at 5.168 GHz. 

4. Conclusions 

Simulated compact dual band PIFA antenna design is presented. Free space and on-body 

performance parameters of this antenna for the communication among on-body devices and also off-

body devices are investigated and analyzed. The antenna is proposed for power efficient 

communications for the wireless body area sensor networks. Having full ground plane at the 

backside of the antenna gives very less sensitive from the human body lossy tissues when placed on 

the human body there layers model. Results and analysis show very good free space and on-body 

performance parameters of the antenna. Due to its compact size, dual band functionality and very 

good on-body results it will be a suitable candidate for both on-body and off-body communications 

in wireless body sensors networks. 
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