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Abstract Recently, wearable sensors have been used in various fields owing to their convenience and
affordability. Antennas are also being assessed as a primary method of wireless communications and
wireless charging for sensors. Wearable antennas can be attached to the body surface tightly because
of their high flexibility and elasticity, but their performance can vary according to the electrical and
structural characteristics of the corresponding area, which can lead to a decrease in the reliability of
the sensors. Therefore, it is necessary to recognize and consider these problems when designing and
developing antennas. This study examined the effects of electrical and structural deformation caused by
the human body on the operating characteristics of antennas, such as the resonant frequency,
bandwidth, radiation pattern, and radiation efficiency. In addition, methods to inhibit or mitigate the
effects of the human body were also evaluated because it is essential to maintain the operational
stability of antennas and sensors under all conditions. Finally, this study proposed using electromagnetic
simulation and phantom models to enhance the precision of human body effect analysis and suppression

technique design.
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Fig. 1. Wearable antennas for wireless communications.
(a) Adhesive-bandage [9], (b) badge [10],
and (c) liquid-metal [11] antennas.
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2. Wearable antennas for wireless power
transfer. (a) Far-field [12] and (b) resonant-
coupling [13] antennas.
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Table 1. Relative permittivity (conductivity) for
various tissues at different frequencies [17].

Material Frequency [GHz]
0.27 0.43 0.91 2.45
Fat 22 (0.21) | 15 (0.26) | 15 (0.35) | 12 (0.82)
Muscle 112 (0.76) | 57 (1.12) | 55 (1.45) | 50 (2.56)
Bone 9 (0.0 |52 0.1 | 49 (0.15) | 4.8 (0.21)
Kidney 229 (0.83) | 60 (1.22) | 55 (1.41) | 50 (2.63)
Liver 182 (0.58) | 47 (0.89) | 46 (1.06) | 44 (1.79)
Lung 57 (0.32) | 35 (0.71) | 33 (0.78) -
Brain (Grey) | 186 (0.45)| 57 (0.83) | 50 (1.0) | 43 (1.43)
Brain (White) | 123 (0.33) | 48 (0.63) | 41 (0.77) | 36 (1.04)
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Fig. 3. Resonant frequency shifts by the body
proximity effect. (a) Distance [18] and (b)
position [19].
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