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1. Analysis of bodyworn antennas
Bodyworn radio devices are subject to significant and often rapidly varying antenna coupling and signal propagation conditions [1]. Depending on the operating frequency, the proximity to the human body can lead to high losses caused by bulk power absorption, radiation pattern fragmentation and antenna detuning (capacitive loading). These may lead to increased transmission errors.
Biological tissue is, for most practical purposes, non-magnetic with permeability 
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 (H/m) close to that of free space. The electro-magnetic characteristics of tissues are described by the relative permittivity 
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 and effective conductivity 
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 (S/m) at the frequency of interest. Hence, the human body interacts with an electromagnetic wave as an inhomogeneous, lossy dielectric structure.

Over the frequency range 100-1000 MHz, biological tissues have a typical effective conductivity of 
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and a relative permittivity of
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, with a wave impedance ranging between 18 + j13 and 40 + j6 (. 

2. Simulations of PIFA close to the human body
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Fig 1. Simulation set up for analysis of bodyworn antenna.

The transfer function simulations are carried out using Ansoft HFSS v10. The simulation setup is shown in Fig 1. The PIFA is placed at a distance of 5 mm from the human body. The human body is modeled as a box having dimensions 50 inches x 14 inches x 4 inches. The dielectric constant and the conductivity of the body structure are set to values specified above. The Ansoft HFSS simulation has about 30,000 tetrahedra.
3. Performance
Fig. 2 shows the return loss plot for the PIFA element. With the existing capacitance value of 14 mm the minimum return loss is -10 dB at 450 MHz. By tuning the capacitance value the return loss plot can be shifted to the left as shown in the figure.
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Fig.2. Return loss for the PIFA structure close to the human body.

The 3D radiation pattern for absolute gain (real gain in the lossy case is very close to this value) is shown in Fig. 3. Fig. 4 shows the gain variation of the antenna in the xz plane (the E-plane of the antenna). 
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Fig.3. 3D radiation pattern (absolute gain).
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Fig.4. 2D radiation pattern in the xz plane (absolute gain).
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