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A Study of Electrode Locations for Design of ECG Monitoring Smart Clothing
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Abstract : The increase in the need for a 24 hour monitoring of biological signals has been accompanied by an increasing
interest in wearable systems that can register ECG at any time and place. ECG-monitoring clothing is a wearable system
that records heart function continuously, but there have been difficulties in making accurate measurements due to motion
artifacts. Although various factors may cause noise in measurements due to motion, the variations in the body surface
and clothing during movements that cause eventual the shifting and displacement of the electrodes is particularly note-
worthy. Therefore, this study used biomedical body mapping and a motion-capture system to measure and analyze the
changes in the body surface and garment during movements. It was deduced that the area where the friction and sep-
aration between the garment and skin is the lowest would be the appropriate location to place the ECG electrodes. For
this study, 5 male and 5 female in their 20s were selected as subjects, and through their selected body movements, the
changes in the garment and skin were analyzed using the motion-capture system. As a result, the area below the chest
circumference and the area below the shoulder blades were proposed as the optimal location of electrode for ECG mon-

itoring.
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)3 (BSPM; Body Surface Portantial Mapping)S &3 3
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Fig. 2. Research method.
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Fig. 1. Example of the smart clothing design for ECG monitoring. Jeong & Yang (2012), p. 41-42.
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Table 1. Subjects
Gender Age Height(cm)  Mass(kg) BMI
S1 29 175 64 20.9
S2 26 168 58 20.5
S3 Male 22 175 72 23.5
S4 26 168 59 20.9
S5 23 173 69 23.1
S6 21 156 54 222
S7 20 155 48 20.0
S8  Female 20 157 53 21.5
S9 20 160 52 20.3
S10 22 160 52 20.3
Source : Cho et al. (2015a), p. 845.
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Fig. 3. Range of marking(left : male, right : female).
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Fig. 4. Representative motions for experiment. Cho et al. (2015a), p.

847.

BA BB BC BD

FD FC FB FA

1 1
2 2
3 3
L B.L. 4
5 5
6 6
B
7 L ¥
8 8
9 9



1042 oFo] 730 881%) A17H A6, 2015

saksieln, SR A9, A 24 TSl 7t
FEd% WAGEAE F7hE PR WEEdA Hel
WA FERIGON, 1 @ el Loln slelEd ol
A Qg 0§ 1o YAt B

= vh3e AYsAkFig. 3).

34. thE S=e| MHA

OB A HIEHS 9% APAF(Cho et al,
201520014 A HEEZ R E FdshA A4, Aaysict
(Fig. 4).

NEFZ 7 E 7R BN i 528 At
3] Aol (Cycle)Z 33

= 2Agalr). JAASS B A ARASEE 24
4

>
EY
it
i
<
to
rr
po)
o

i
&
i
of
2
o
)
Og‘;",
Q‘L
38
&
B
=
o
5
3
o
=
To
o
=t
kit

d,

S
5
B
o
o
4
i

fn

N

=~
£ 2t 39 YA a4 B A2
7_(;1[

VICON Motion Systems Ltd.(UK)2] VICON MX-T40SE

Osec Ssec 10sec 15sec
Upright Experiment  Motion Upright
“«— Three repetition (skin change rate) d
— Three repetition (clothing change rate) -

Fig. 5. Protocol of experiment.

Fig. 6. Motion capture system. Motion capture system (August 19,
2011).

&(Fig. 6)3t] T2 & AE B & §islE SH390 S
VICON Nexus 1.72 AFE3le] #4315 TH“Motion capture
system”, 2011).
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I, 27 7IEEE stelA 9 WEke R ¥iskgol, 7k
E9 ofFRAoIA thZd WRke R o] Bigkgo] FEHX Ao
2 Yeludth AlRZos # F3A A E FC-FD:1, FB-
FD:2, FB-FC:1-2, FC-FD:1-2, BC-BD:1, BC-BD:2, BC-BD:3
oA 30% olde] WsheS ®Bow, o5 FC-FD:1, FB-
FD:2, FB-FC:1-2, FC-FD:1-2, BC-BD:1, BC-BD:2, BC-
BD:3, BD:3-40llA] 30% o]4te] ¥W3le-S Hod 2§} oo
A FARE 13 (30% o) 2 H9E zhs Flor BAES)
ot & FFo|M &= AE FA-FB:2, FB-FD:3, FA-FB:4, FC-
FB:3-4, BA-BC:1, BA-BB:2, BA-BC:3, BA-BB:4, BA-BB:5,
BB-BA:3-4, BC-BD:1-2 #%]o14 20~30%2] WS zle
Aow BEAEOoH, o FB-FC:1, FA-FC:3, FA-FC:1-3,
FC-FD:3, FB-FA:4-5, BC-BD:1-2, BD-BC:1-2, BB-BC:22,
BC-BD:4, BD-BC:4-5, BD-FD:4-5914] 20~30%2] #3}&<
Zk= Aoz BMFEY. 5% 52 Side flexion and bending
2 Forward flexion and Backward flexion®] W3}E =3 &
A3t A3 A ¥ FD:6-8, BB-BC:6, BA-BB:7, BD:6-9°]| A]
30% olde] HistEe Holx ZIo=E EAMEem, oF BC:7-
8olA 30% ool WsES Zhe ZloE EAEHIU AR
FD:4-6, FD:8-9, BC:6-7, BC:8-9, BD:4-5914 20~30%2]
3l&o] Yeloem, o FB:5-6, FB:7-9, FC4-5, FC:6-7,
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(a) Body surface change of arm-motions, (b) Body surface change of side flexion and ending/Forward flexion and bending motions, (c) Body surface
change of rotation of the spine motions

Fig. 7. Change rate of body surface in male subjects.
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(a) Clothing surface change of arm-motions, (b) Clothing surface change of side flexion and bending/Forward flexion and bending motions, (c)
Clothing surface change of rotation of the spine motions

Fig. 8. Change rate of clothing surface in male subjects.
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(c)

HEE Above 30% change rate of skin

Bl 20% ~ 30% change rate of skin 1111111 10% ~ 20% change rate of skin

(a) Body surface change of arm-motions, (b) Body surface change of side flexion and bending/Forward flexion and bending motions, (¢) Body surface

change of rotation of the spine motions

Fig. 9. Change rate of body surface in female subjects.
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(a) Clothing surface change of arm-motions, (b) Clothing surface change of side flexion and bending/Forward flexion and bending motions, (c)

Clothing surface change of rotation of the spine motions

Fig. 10. Change rate of clothing surface in female subjects.
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Fig. 11. Under 10% change rate of Body and clothing surface in male.
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Fig. 12. Under 10% change rate of body and clothing surface in female.
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Fig. 13. Area of the equal change rate of body and clothing in male(left, middle), Area of the ECG sensing in clinical environment(Fletcher et al., 2001;

right).
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