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WFZER R OB (30) : Intra-body communication is a new data transmission method that
uses human body as part of the transmission medium. Detailed numerical human body
model for electromagnetic analysis has been simplified by using only three layers of body
tissues, namely, skin, fat, and muscle, without sacrificing the accuracy of analysis. Shape
modification is much easier with this three-layered model, and this structure is also
suitable for fabricating phantom for experiments. Its electrical characteristic is closer to
human body than that of the ordinary phantom made of homogeneous material.
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Table 1. Electrical properties of biological
tissues at 10 MHz

Tissue name Conductivity Relative

[S/m] permittivity

Skin (dry) 0.20 360
Skin (normal) 0.28 290
Skin (wet) 0.36 220
Fat 0.029 14
Muscle 0.62 170
Blood 1.1 280
Tendon 0.41 100
Cortical bone 0.043 37
Cancellous 012 7
bone
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Table 2 Inputimpedance in each simulation
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Fig. 5 Input impedance characteristics of the

transmitter electrodes
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Table 3 Input impedance in each skin conditions

Skin condition Re(Zw) [Q] Im(Zw) [Q]

Dry 180 =127
Normal 179 -86.4
Wet 165 -51.8

models
Simulation model Re(Zw)  Im(Zw)
Q] Q]
Detailed human arm model 179 -86.4
Detailed human arm model 45.4 -5.88
(muscle homogenous)
Muscle homogenous 50.1 -6.60

cylinder model
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Table 4 Input impedance calculated by air
substitution

Tissue replaced by muscle Re(Z») Im(Z»)
[Q] (O]
Without replacement 179 -84.9
Fat 263 -166
Muscle 236 -131
Tendon, Blood 180 -85.4
Bone 179 -85.1
Tendon, Blood, Bone 180 -85.4

Table 5 Input impedance calculated by muscle

substitution
Tissue replaced by muscle  Re(Zi) Im(Z»)
Q] Q]
Without replacement 179 -84.9
Fat 59.0 -16.2
Tendon, Blood 179 -85.0
Bone 177 -84.2
Tendon, Blood, Bone 177 -84.3
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Table 6 Transmission characteristics between
transmitter and receiver

Material below the muscle So; [dB]
Without replacement -78.3
Air -77.2
Muscle -80.3
Transmmer
18 mm
Fat 4 mm mm

Fig. 7 Multilayered cylindrical model

Table 7 Electrical and anatomical parameters

of tissues

Tissue Conductivity Relative Volume
name [S/ml] permittivity  [%]
Skin 0.20 360 6.6
Fat 0.029 14 24
Muscle  0.62 170 69.4
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Fig. 8 Input impedance characteristics of the
transmitter electrodes
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