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A Study of Sensing Locations for ECG Monitoring Clothing
based on the Skin Change rate
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Abstract : Recently, according to change of lifestyle and increase of concerning in health, needs of the smart clothing
based on the vital sign monitoring have increased. Along with this trend, smart clothing for ECG monitoring has been
studied various way as textile electrode, clothing design and so on. Smart clothing for ECG monitoring can become a com-
fortable system which enables continuous vital sign monitoring in daily use. But, smart clothing for ECG monitoring has
a weakness on artifact during motion. One of the motion artifact caused by shifting of the electrode position was affected
skin change by motion. The aim of this study was to suggest electrode locations for clothing of ECG monitoring to reduce
of motion artifacts. Therefore, change of skin surface during the movement were measured and analyzed in order to find
location to minimize motion artifacts in ECG monitoring clothing by 3D motion capture. For the experiment, the subjects
consisted of 5 males and 5 females in their 20’ with average physique. As a result, the optimal location for ECG monitoring
was deducted under the bust line and scapula which have least motion artifact. These locations were abstracted to be least

affected by movement in this research.

Key words : smart clothing(Z="FE ¢]/), ECG monitoring(4] A% EUE &), motion artifact(s2 ), skin change
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Fig. 1. Ag-Agcl electrode location for ECG monitoring(Jeong et al.,
2010).

A wise] Z)ket HHE BUEY 7] 48 FI7] A7 845
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Fig. 2. Example of the smart clothing for ECG monitoring.
(a) http://bizmakoto.jp, (b) http://nownews.seoul.co.kr
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Table 1. Characteristic of subjects

Gender Age Height(cm)  Mass(kg) BMI
S1 29 175 64 209
S2 26 168 58 20.5
S3 male 22 175 72 235
S4 26 168 59 209
S5 23 173 69 23.1
S6 21 156 54 22
S7 20 155 48 20
S8 female 20 157 53 21.5
S9 20 160 52 203
S10 22 160 52 20.3
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Fig. 3. Research method.
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Fig. 4. Motion capture system. http://www.dooreesystem.com
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Fig. 5. Range of marking(left : male, right : female).
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Fig. 6. Representative motions for experiment.
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Fig. 7. Method of experiment.
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10~20% or skin change rate

Fig. 9. Average change rate of body surface by motions(male).
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(b) sagittal plane 180°

(c) Horizontal plane 120°

FD FC FB FA

FD FC  FB FA

BA BB BC BD

BACK _ FRONT....

(d) side flexion/bending 45°

(e) forward/backward flexion 45°

(f) Rotation of spine 45°

mmmm Above 30% of skin change rate

mmmn  20~30% of skin change rate

10~20% or skin change rate

Fig. 10. Average change rate of body surface by motions(female).
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(Fig. 10(f)).
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I Above 20% skin change rate in part motions
Above 20% skin change rate in least motion

Fig. 11. Skin change rate by multiplex motions(male).
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Il Above 20% skin change rate in part motions
Above 20% skin change rate in least motion

Fig. 12. Skin change rate by multiplex motions(female).
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The left leg lead shoud be
just. below the umbilicus

H Above 20% skin change rate in multi motions
I Above 20% skin change rate in part motions
Above 20% skin change rate in least motion

Permission part of ECG monitoring

. Optimal part of ECG monitoring

BA BB BC BD FD FC  FB FA

Fig. 13. Optimal part of the electrode for ECG monitoring clothing(male; left)
(Fletcher et al., 2001; right).
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just below the umbilicus

H Above 20% skin change rate in multi motions
I Above 20% skin change rate in part motions
Above 20% skin change rate in least motion

Permission part of ECG monitoring

. Optimal part of ECG monitoring

Fig. 14. Optimal part of the electrode for ECG monitoring clothing(female; left)
(Fletcher et al., 2001; right).
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