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Abstract

This study develops tight-fitting upper clothing to measure electrocardiography (ECG) data. Taking into
consideration the elasticity of the clothing, we made 4 experimental clothes by applying to each a weft re-
duction rate of 40%, 50%, 60%, and 70%. The 4 experimental clothes were used to measure resting ECG
exercise ECG, and post-exercise ECG for 4 men in their 20s. We compared clothing pressures using sensors
on the human body and on a dressform. Subjective wear sensations of the 4 experimental clothes were eva-
luated using a subjective 7-point scale (with 7 being most excellent). We measured clothing pressures by
using the air type pressure (AMI 3037-2) for upper and lower chest sensors in the developed tight-fitting
upper clothing. The lower chest sensor showed that the clothing pressure on a human body and dressform
changed consistently as the weft reduction rate decreased. The upper chest sensor showed inconsistent cha-
nges in clothing pressure as the weft reduction rate decreased. The wearing-test result for preliminary sub-
jects showed that the lower chest sensor was more stable than the upper chest sensor; therefore, we inserted
the sensor at the lower chest position before performing ECG. Except for Subject 4, the resting ECGs were
stably measured for 3 subjects (Subject 1, Subject 2, and Subject 3) in all the developed clothes (A cloth-
ing, B clothing, C clothing, and D clothing). However, D clothing showed stable ECG values after exer-
cise. The results of the experiment showed that we could measure ECG without difficulty using clothes with
a weft reduction rate of 40% when the movement was not intense; however, tight-fitting upper clothing
with a weft reduction rate of 70% was necessary to measure exercise ECG and post-exercise ECG values.
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Fig. 1. Magic shirts and ECG data in an aerial acro-
batics situation.
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thing and six locations of the textile sensor
to monitor ECG.
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Table 1. Basic pattern size for the upper tight-fitting clothing and reduction rates depending on % stretch of ex-

perimental fabric

Korean men size in their 20s of the 5" . Stre?ch ot Reduction rate Amount of Size of pattern
. . Size (cm) experimental o . .
Size Korea anthropometric measurements N (%) reduction (cm) | making (cm)
fabric (%)
1/2 neck circumference (37) 18.5 32 40 2.4 16.1
1/2 chest circumference (95) 47.5 32 40 6.1 41.4
1/2 waist circumference (78) 39.0 32 40 5.0 34.0
1/2 hip circumference (95) 47.5 32 40 6.1 41.4
Back length (43.8) 43.8 32 40 5.6 38.2
1 unit (stature 7.4) 235 18 50 2.1 21.4
Waist back length (stature 1/7.4x1.8 ) 423 18 50 3.8 38.5
Body rise (staturel/7.4-1) 225 18 50 2.0 20.5

Stature: 173.8=174.0

From Jeong et al. (2010). p. 119.
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Table 2. Size of experimental clothing depending on a weft reduction rate of 40%, 50%, 60%, and 70%

. Korean men size in their . Weft stretch of Weft Amount of .
Experimental th o Size . . . Size of pattern
clothin 20s of 57 Size Korea () experimental reduction reduction i (o)
& anthropometric measurements fabric (%) rate (cm) &
1/2 neck circumference (37) 18.5 0.32 0.4 2.4 16.1
A clothing 1/2 chest circumference (95) 47.5 0.32 0.4 6.1 41.4
(weft reduction 1/2 waist circumference (78) 39.0 0.32 0.4 5.0 34.0
rate 40%) .
1/2 hip circumference (95) 475 0.32 0.4 6.1 41.4
Back length (43.8) 43.8 0.32 0.4 5.6 38.2
1/2 neck circumference (37) 18.5 0.32 0.5 3.0 15.5
B clothing 1/2 chest circumference (95) 47.5 0.32 0.5 7.6 39.9
(weft reduction 1/2 waist circumference (78) 39.0 0.32 0.5 6.2 32.8
rate 50%) 1/2 hip circumference (95) 475 032 0.5 7.6 39.9
Back length (40.2) 43.8 0.32 0.5 7.0 36.8
1/2 neck circumference (37) 18.5 0.32 0.6 3.6 14.9
C clothing 1/2 chest circumference (95) 475 0.32 0.6 9.1 38.4
(weft reduction 1/2 waist circumference (78) 39.0 0.32 0.6 7.5 31.5
rate 60%) 1/2 hip circumference (95) 475 032 0.6 9.1 384
Back length (40.2) 43.8 0.32 0.6 8.4 354
1/2 neck circumference (37) 18.5 0.32 0.7 4.1 14.4
D clothing 1/2 chest circumference (95) 47.5 0.32 0.7 10.6 36.9
(weft reduction 1/2 waist circumference (78) 39.0 0.32 0.7 8.7 30.3
rate 70%) 1/2 hip circumference (95) 475 0.32 0.7 10.6 36.9
Back length (40.2) 43.8 0.32 0.7 9.8 34.0

1 sengr | sensor

Fig. 3. Developed experimental clothing to measure
ECG data and ECG instrument.
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Table 3. Characteristics of subjects who evaluate wear sensations

N Minimum Maximum Mean S.D Data of 6" Size Korea | Difference
value (cm) value (cm) (cm) (cm) (cm) (cm)
Age 8 20 25 21.8 2.1
Stature 8 173 177 175.0 1.4 173.5 (#5.1) +1.5
Weight (Kg) 8 60 72 65.7 3.9 69.2 (£8.9) -3.5
Chest circumference 8 91 98 93.7 2.1 94.0 (£5.7) -0.3
Waist circumference 8 72 81 76.4 3.1 78.7 (£7.0) 23
Hip circumference 8 90 100 94.7 3.41 93.3 (£5.2) +1.4
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Fig. 4. Final four reduced patterns depending on a
weft reduction rate of 40%, 50%, 60%, and
70%.

Table 4. Comparison of the area among four patterns
depending on a weft reduction rate of 40%,
50%, 60%, and 70%

Exf leor ti}l;ril;gtal Front area | Back area | Total area erttieuc(:%n
A clothing | 1590.83 | 1664.68 | 3255.51 100
B clothing | 1533.19 | 1604.34 | 3137.53 96
C clothing | 1475.53 | 1544.01 | 3019.54 93
D clothing | 1417.98 | 1483.74 | 2901.72 89
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Clathing compressure (gficm?)

100 A,
200 —
100 2 .
. N
: a sensor b sensor C =ensar d s2nsar 2 sensor f SEns0or
|=#=& clothing| 128 133 E] 333 a1s 10
—8~3 clothing | 58 143 108 273 E] 13
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|==0 clathing | a2 35 335 270 245 180

{a) Clothing pressure on the human body

Clothing sompressure (gfiem?)

Q
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—— 4 ¢lathing 1| 33 1y D2 1% | a8

- ddotiung| 35 22 | w1 57 | 28 |
— Coothing| 74 4 | 55 47 47

= Ddothing| 09 o | 23 10 [ sz [ 38

(b} Clothing pressure on the dressfomm

Fig. 5. Clothing pressure of the four experimental clothing items on the six fabric sensors.
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Table 5. Subjective evaluation of wear sensation depending on the four experimental clothing items

Experimental clothing A clothing B clothing C clothing D clothing o tl;/llecallg t?lifng
Subjective sensation Mean S.D Mean S.D Mean SD | Mean S.D Mean S.D
Well fitted at chest part 6.25 0.74 6.50 0.66 6.58 0.58 6.79 0.51 6.53 0.65
Comfortable fit when moving 5.58 0.72 5.75 0.61 5.83 0.64 5.42 1.35 5.65 0.88
Clings wells to the body 5.71 1.00 6.17 0.64 6.29 0.55 6.67 0.48 6.21 0.77
Ezg;riféyclfgg]“i li’gwnfz‘img 258 | 159 | 1.88 | 080 | 179 | 059 | 163 | 058 | 197 | 103
Overall comfort of wear sensation | 4.88 0.80 4.50 0.93 4.29 1.23 342 1.18 4.27 1.17
Difficultness of wearing 2.92 1.28 3.54 1.38 3.71 1.33 4.50 1.59 3.67 1.49
Contacts well with the sensors 4.75 0.79 5.04 0.69 5.21 0.72 5.63 0.92 5.16 0.84
Suffocating or too tight 3.38 1.58 3.88 1.51 4.33 1.27 5.29 1.33 422 1.58
Nervous about the sensors 242 1.18 2.46 1.10 2.58 1.06 2.88 1.39 2.58 1.18
Overall compression 4.88 0.74 5.25 0.61 5.50 0.66 5.88 0.61 5.38 0.74
Equally wear compression 4.79 0.93 5.29 0.62 5.46 0.72 5.79 1.06 5.33 0.91
E;zzzifz?c‘z)frn‘ﬁ: Ssiz‘r‘lsaﬁo“ 329 | 188 | 371 | 165 | 396 | 181 | 454 | 208 | 388 | 189
Compression of shoulder part 3.46 1.41 3.92 1.77 4.04 1.78 4.58 2.00 4.00 1.77
Compression of chest part 4.58 1.02 5.04 1.00 5.25 0.68 5.67 0.82 5.14 0.96
Proper compression on the sensors | 4.42 1.02 4.79 1.02 4.71 0.95 5.00 1.02 4.73 1.01

7 point scale (out of 7)

AARE AF= <Table 63 20}, 715 F-917F & d2k4
ohe FEDY BY, €, A3 F et Erhs 3Eo)A
(D, C*, B®, A& Dol Eo| 7pd & 9712 Wk},
2Hg A 7o) FrE FEoM = AE, B E

o] DeJ o H]&| ETha F7HA', BY, ¢, DHEALH
Ax F97E & daEte oA dEFiEo]
70%2] D2 E(D?, €, B%, A")o] £& %712 Wigit) D
ojE.e [ F o= QKDY €, B, A9)°] $L, o &
o] A uZkDY, C* BY, ADS L glom, 7lE 2
9] KDY, C°, B, A%°] BTk 3t o, o8 2
go] o]E(D", C*, B®, A", olHo] ggtaithD’, ¢,
B, A9 71E3leh 2eu 22 9el wet Hets]
Hoh, AlA F-9)7F A 2Q1t), 4 F-9] hafo] 4

Z}F

.
s LRSI, o) 191 b, A F-9] o) A
Faith 5o B7} FRoAE A €)% 7k 2jol7h 8l
oAtk 24 28 B7HE FFs}elwm, Dol Be 1w
) ZHgrrol WL, Fgol oAk Briskelont u
o] Hojuhrky SEste], AAE 27 71%50] $4A
HE 495 DA% Ame) 2 Fhgo] 27
Atk et 287 R AwAel g mels) o)
¥l B, Col¥o] f2l3 RO BekEth
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Table 6. Statistics analysis of subjective evaluation depending on the four experimental clothing items

Experimental clothing

A clothing | B clothing | C clothing | D clothing f value Sig.
Subjective sensation
Well fitted at chest part 6.25° 6.50° 6.58% 6.79° 3.05 0.032
Comfortable fit when moving 5.58 5.75 5.83 5.42 1.05 0.372
Clings well to the body 5.70° 6.16° 6.29% 6.66" 7.74 0.000
Esgifrﬁ(liycgg:l?r%gb\iﬁierrlnoving 2.58° 1.87° 1.79° 1.62° 4.48 0.006
Overall comfort of wear sensation 4.87° 4.50° 4.29% 3.41° 8.33 0.000
Difficultness of wearing 291° 3.54° 3.70% 4.50° 5.19 0.002
Well contact of the sensors 4.75° 5.04° 5.20® 5.62° 5.17 0.002
Suffocating or too tight 3.37° 3.87" 433 529" 7.79 0.000
Nervous about the sensors 242 2.46 2.58 2.88 73 0.539
Overall compression 4.87° 525" 5.50® 5.87° 9.84 0.000
Equally wear compression 479 5.29* 5.45° 5.79° 5.74 0.001
E;zzzifg?c‘;fmvlvjizzssizrl‘fa“"“ 3.29 371 3.96 4.54 1.89 0.136
Compression of shoulder part 3.46 3.92 4.04 4.58 1.67 0.178
Compression of chest part 4.58° 5.04 5.25% 5.66" 6.17 0.001
Proper compression at the sensors 442 4.79 4.71 5.00 1.39 0.250

Small alphabet is the result of Duncan test, a>b>c

For convenience - A clothing represent A (followed in sequence by B, C, and D)

& clathing | B clathing |

€ dothing

Subject 1 Subject1

sibject 2 Subject 2

Subject 3 Subiject 3

Subject 1

Subject 2

Subject 3

Subyact 4

Subject1

Subject 2

Subject 3

Fig. 6. Results of resting ECG depending on the four experimental clothing items.

1182 -

=



A U TN YIS SHOP- 47

A dathing E cinthing
Subjectt Subjectl
In
Sl LA Loy | B W B st L LA
Subject? Subjeci2
hi
Subjects Subjects
i 3
[
Subjectd Subjectd

;.
Subjectd Subjectt
i
Subjeci2
Subjecs Subjects
: I
[T (1B R et
Subjecsd Subjectt

Fig. 7. Results of exercise ECG depending on the four experimental clothing items.

A closhing E clothing |

¥ " o
Subjectl
Subyect? Subject2
!
Subjectd Subjectd
i }
i

Subjectd Suijectd
2 i

Subjectd

Subjectd Subjectd

Fig. 8. Results of post-exercise ECG depending on the four experimental clothing items.
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1.3 Aol AHEE 7148 Jjele 20T 2wk S
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