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Abstract Electrode contact resistance is a crucial factor in physiological measurements
and can be an accuracy limiting factor to perform electrical impedance measurements. The
electrical bio—impedance values can be calculated by the conductivity and permittivity of
underlying tissue using implant electrode in human skin. In this study we focus on
detecting physiological changes in the human skin layers such as the sebum layer, stratum
corneum layer, epidermis layer, dermis layer, subcutaneous fat and muscle. The aim of this
paper is to obtain optimal design for implantable electrode at subcutaneous fat layer
through the simulation by finite element methods(FEM). This is achieved by evaluating
FEM simulations geometrically for different electrodes in length(50 mm, 70 mm), in
shape(rectangle, round square, sexangle column), in material(gold) and in depth(22.325 mm)
based on the information coming from the subcutaneous fat layer. In bio—impedance
measurement experiments, according to electrode shapes and applied voltage, we have
ascertained that there was the highest difference of bio—impedance in subcutaneous fat
layer. The methodology of simulation can be extended to account for different electrode
designs as well as more physical phenomena that are relevant to electrical impedance
measurements of skin and their interpretation.

Key Words : electrode contact resistance, conductivity, permittivity, subcutaneous fat,
implantable electrode
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<Table 1> Electric characteristics and thickness
information of mediums in skin

domain [thicknes|permittivity | conductivity
(layer) s[mm] [e] [S/m]
sebum 0.01 75 0.001
stratum. | ;5 10 0.001
corneum
epidermis 0.1 15 0.025
dermis 1 110 0.2
subcutaneo 12 15 0.06
us fat
muscle 20 80 0.7

<Fig. 2> Mesh structure for FEM analysis
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(a) 50 mm electrode electric distribution(2 V)

(b) 70 mm electrode electric distribution(2 V)

(c) 50 mm electrode electric distribution(5 V)

(d) 70 mm electrode electric distribution(5 V)

<Fig. 3> simulation of electric distribution of 2
electrode system
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(c) sexangle column electrode
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<Fig. 5> Current flow in bio-implantable electrode
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50 mm, 70 mm (2 V) sexangle column 50 mm, 70 mm electrode
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] .7.7.\.\.\\.7. oo from rectangle electrode size (5 V)
\\ rd d 0000 o electrode size (5 V)
~ . / e)
g™ \ Va -onozsé Skin 50 mm 70 mm o
5 \ / oo o) layer | Resistance(®) | Resistance(Q)
“g’ 8001 < % 1 1102.74 1096.87 0.532
Tl ./ e ) 2 1102738 1096.87 0532
e R 3 1100.695 1095.64 0.459
0 I o 4 1098.014 1094.79 0.294
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 5 1090316 108873 0145
Tissue layer 6 1069.21 1064.78 0.414
(a) Conductance and impedance of sexangle column ; 1888:2? 18%; 7(1):(7)82
50 mm electrode (5 V) 9 824.358 866.15 -5.070
10 615.407 674.7 -9.635
11 428.96 522.01 -21.692
12 383.101 480.99 -25.552
13 347.817 448.1 -28.832
14 321.212 422.7 -31.595
15 299.845 402.15 -34.119
16 283.223 385.51 -36.115

_14_



Journal of the Korea Industrial Information Systems Research Vol. 19 No. 4, Aug. 2014

<Table 3> Comparison of bicimpedance from
electrode shapes and applied voltage

Electrode type(2 V) Electrode type(5 V)

W [=] =] =
Flalm s | % % A ow | w | %
*lole o © ©

1 [4411|4405( 443.7 | 0.146 | -0.595 | 1102.7 | 1101.1 | 1109.3 | 0.5 | -0.59
2 [441.114405] 443.7 | 0146 | -0.596 | 1102.7 | 1101.1 | 1109.3 | 0.146 | -0.60
3 |440.3|440.6| 443.6 |-0.081 | -0.749 | 1100.7 | 1101.6 | 11089 | -0.08 | -0.75
4 1439.2439.1| 4416 | 0.034 | -0.545|1098.0 | 1097.6 [ 11040 | 0.03 | -0.54
5 |436.11436.7| 4395 | -0.130 | -0.774 | 1090.3 | 1091.7 | 1098.8 | -0.13 | -0.77
6
7
8
9

4277(4236| 4311 | 0.951 | -0.799 | 1069.2 | 1059.0 [ 1077.8 | 095 | -0.80
400.0(399.8| 400.2 | 0.041 | -0.040 [ 1000.0 | 999.6 | 10004 | 0.04 | -0.04
400.2|399.6] 399.8 | 0.139 | 0.086 | 10004 [ 999.0 | 9996 | 0.14 | 0.09
329.7(329.9| 337.6 | -0.041 | -2.396 | 8244 | 8247 | 8441 | -0.04 | -2.40
10 |246.2|246.9| 243.3
11 [1716]1720] 171.0
12 1532|1538 1524
13 |1391]139.6| 137.9
14 |1285]129.0| 127.6
15 |1199(1206| 119.6
16 [113.3|1138] 1126

-0.295 | 1.165 | 6154 | 6172 | 6082 | -0.29 | 1.17
-0.225| 0351 | 4290 | 4299 | 4275 | 022 | 0.35
-0.376 | 0562 | 3831 | 3845 | 3809 | -0.38 | 0.57
-0.369 | 0.863 | 347.8 | 349.1 | 3448 | -0.37 | 0.86
-0.397 | 0.657 | 3212 | 3225 | 3191 | -0.39 | 0.66
-0.515 | 0311 | 2998 | 3014 | 2989 | -0.52 | 0.1
-0438 | 0.604 | 2832 | 2846 | 2815 | -0.49 | 0.60
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