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Abstract

In accordance with escalating demands for advanced technology products, the smart clothing that includes
embedded ICT technology have expanded into fields of daily life. As a result of this trend, interest in smart
clothing with digitally controllable heating has rapidly grown and the market for smart heated clothing has also
expanded. Increasing of prospect in smart heated clothing market, the effectiveness and thermal sensation research of
the location on the pad attached is insufficient. This study was conducted to find the optimal location of heated
clothing via experimental research on changes in skin temperature and subjective thermal sensation when heating
pads were placed on different areas of the body. For this experiment, the subjects consisted of 10 males in their
20’s of standard physique. The skin temperature at 11 different areas of the body, rectal temperature, and subjective
thermal sensation were taken at different stages (before testing, after a 20 minute rest period, 20 minute treatment
period, and after a 40 minute recovery period) in an artificial-climate chamber at -5 °C. As a result, the optimal
location for heating pads in smart clothing was estimated and suggested.
Key words: ICT convergence, Heating pad, Smart clothing, Skin temperature, Subjective thermal sensation
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Table 1. Characteristics of the subjects

ot =l AR 7 95

Table 2. Experimental process

Height Mass

Gender | Age () (ke)

BMI

Subject 1 | male 23 170.0 55.8 19.31

Subject 2 | male 29 166.7 54.5 19.61

Subject 3 | male 24 177.7 72.1 22.83

Subject 4 | male 28 187.0 80.2 22.92

Subject 5| male 28 182.3 75.4 22.69

Subject 6 | male 21 175.0 70.0 22.86

Subject 7 | male 25 169.0 64.8 22.69

Subject 8 | male 20 170.0 63.3 21.9

Subject 9 | male 20 165.0 59.9 22.0

Subjectl0 | male 20 165.0 60.2 22.11

mean male 2380 | 172.77 65.62 21.89
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Figure 1. Climate Chamber (ESTEC) and Temperature
measuring instrument (TSK-1)
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Figure 3. Attachment part of Heating pad

Figure 4. Configuration of wearing clothing

Table 3. Weight of Wearing clothing
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Table 4. Scale of subjective thermal sensation

Scale Thermal sensation
1 very cold
2 cold
3 cool
4 not both
5 warm
6 hot
7 very hot

t-shirts 154.1
cardigan 530.6
padding 918.2
inner wear 46.5
pants 467.0
socks 74.4
total weight (g) 2190.7
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Table 5. Temperatures on torso surface depending upon the heating location and measurement time

measurement | attachment

part part

abdomen (a) | 31.15:1.84 | 30.15:1.86 | 29.92£1.95 | 29.90+2.29
back (b) | 31.25£1.70 | 30.20£2.04 | 30.18+2.18 | 29.71+2.44 | Pat 26 855
head time | 3.502 | 017 | A>CD
lowerback (c) | 3124£1.76 | 30.12¢1.85 | 30016192 | 30065181 | ool o0 | 1000
arm (d) | 31.65£2.06 | 30455221 | 30324234 | 30214239
abdomen (a) | 3216229 | 3341+1.82 | 33.58+1.72 | 34.23+1.42
back (b) | 3248+1.54 | 33.72+1.52 | 3445:1.59 | 34.79+152 | part 377 | 043 a<b
chest time 14.241 .000 A<B<D
lowerback (c) | 3246+1.83 | 3368150 | 33716147 | 3449¢1.14 | ol e | oo
arm (d) | 32.15:1.94 | 33.75:1.54 | 34204124 | 34.94+0.82
abdomen (a) | 32.61+121 | 33.44+1.19 | 34.04£1.17 | 34.52+1.03
back (b) | 32.64£1.65 | 33.46:135 | 34.09+1.49 | 34.82:124 | Part 255 | 048 | cdd
back time | 12479 | .000 |A<B<C,D
lowerback (c) | 32555145 | 33314124 | 33695114 | 34156113 | o f os0 | a0
arm (d) | 3228+143 | 3324127 | 33.64£1.68 | 34.15+134
abdomen (a) | 31.74%1.76 | 32.82£2.00 | 33.94:2.39 | 3429+235
back (b) | 31524223 | 32.674226 | 32.97+2.55 | 33.45:2.52 | Part 148 | 698
abdomen time 7.723 .000 | A<B<C,D
lowerback (c) | 31.82£1.82 | 3295¢1.75 | 32.68:2.11 | 3362180 | el jon | g0s
arm (d) | 3136£1.87 | 3276185 | 33.28:1.96 | 33.88+1.75
abdomen (a) | 33.68+144 | 34.55:097 | 34.64£093 | 34.73:0.86
back (b) | 33.58+1.12 | 3430£1.07 | 34.67£1.07 | 34.94x1.02 | Part 177 1 032 | ad<be
lowerback time 11.285 .000 | A<B<C,D
lowerback (c) | 33.96+1.38 | 34634081 | 3492:0.67 | 3524067 | ool ago | 1000

arm (d) 33.54+1.33 | 34.44+0.84 | 34.74+0.92 | 34.97+0.92

start (A) rest (B) treatment (C) | recovery (D) F P post-hoc
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Figure 6. Comparative changes in the temperatures on torso surface depending upon the heating part and measurement time
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Figure 7. Comparative changes in the temperatures on upper limb surface depending upon the heating location and
measurement time
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Table 6. Temperatures on upper limb surface depending upon the heating part and measurement time

measurement | - attachment start (A) rest (B) |treatment (C) | recovery (D) F P post-hoc
part part
abdomen (a) | 31.7442.04 | 31.58+2.04 | 31.59+1.94 | 31.76+1.98
back (b) | 31294226 | 31.62+1.97 | 31.45+2.02 | 31.03+2.05 | part 71 548
upperarm time 791 .501
lowerback (c) | 31.38£1.98 | 31.68+1.56 | 3196152 | 31904162 | o | 570 | 813
arm (d) | 31.31£1.69 | 31.48+1.60 | 33.33+2.78 | 31.85+1.77
abdomen (a) | 33.01£0.65 | 32.59+0.89 | 32.38+0.95 | 31.58+1.35
back (b) | 32.37+1.66 | 32.13+0.80 | 31.72+0.90 | 31.19£1.38 | part 1.51 214
lowerarm time 5.435 .001 AB,C>D
lowerback (c) | 32511.76 | 32394165 | 32.23+1.82 | 3148+187 | i | 130 | 999
arm (d) | 32.04£1.69 | 3231131 | 31.90+1.49 | 30.77+1.80
abdomen (a) | 30.8242.04 | 29.9943.00 | 29.3143.94 | 26.64+4.89
back (b) | 29.8042.57 | 28.66+3.26 | 27.60+321 | 24.04+4.54 |  part 209 | .104
hand time | 16.148 | .000 | A,B>C>D
lowerback (c) | 3046:2.04 | 29494235 | 2885251 | 26265339 | w02 | 1,000
arm (d) | 30.04£2.27 | 28.94£2.76 | 28.0243.11 | 25.00+3.36
Ao Z FAHALE ol Aot EAlA ATk A gk zpol7} = AC = YERTE (Table 7, Figure 8).
dol wal wx B9l Myeo) W P ACR  FuA HRLL L A A L A= 23
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520 A% LUIE AR W wi-2o fel
343 2 HE SALIXO IHE SXIF T2 o o] (<057t AN, Sol LAAE F7 A
st S=F (3.65%)°] 7P AL Ao dEon, 1 &)
3hA] RS S AYslae 2EHE F29)A Folol 2EHE A A & 35 Aol M3l (-6.38%)=
o e folg Aol BAAA Aoy A-Hd Y A4S HOR Uehdth BE HRLS AFRA
A=A R Al =38 A, Al7]9] TE FJE-2o M= 9] AN E T2 stAFoll H|s] Al7+e] e wa)
Table 7. Temperatures on lower limb surface depending upon the heating location and measurement time
measurement | - attachment | - (&) | rest (B) |treatment (C)| recovery (D) F P | posthoc
part part
abdomen (a) | 29.49£1.31 | 27.21+1.49 | 26.17+1.34 | 24.12+1.37
back (b) | 29.8241.10 | 27.45£1.45 | 2624131 | 24.74+149 | part 102 1 385
thigh time | 65590 | .000 | A>B>C>D
lowerback (¢) | 29.77+0.95 | 2741124 | 26244150 | 2464153 | pariime | 147 | 998
arm (d) | 28.842.30 | 26.86£2.36 | 25.00+1.95 | 24.46+1.88
abdomen (a) | 30.94+0.32 | 28.38+0.62 | 26.88+0.72 | 25.911.60
back (b) | 30.78£0.92 | 28.11+0.80 | 26.67+1.16 | 25.21«1.03 | Part 192 1 .130
leg time | 149385 | .000 | A>B>C>D
lowerback (¢) | 30.56+0.94 | 28.17£1.00 | 26.934091 | 25.04133 | pariime | 579 | 813
arm (d) | 30.15£1.04 | 27.35£1.50 | 26.75+1.19 | 25.41+1.74
abdomen (a) | 30.5042.30 | 29.2242.50 | 28.1942.76 | 26.12+2.66
back (b) | 30.32£1.79 | 29.08+1.96 | 28.06+2.23 | 25.96£1.92 |  part 449 | .005
foot time | 35305 | .000 | ASB,C>D
lowerback (¢) | 30.47+130 | 28814140 | 27.65+189 | 25.00£1.83 | parckime | 106 | 999
arm (d) | 29.12+1.87 | 27.7442.04 | 26.55£1.99 | 24.38+2.26
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Figure 8. Comparative changes in the temperatures on lower limb surface depending upon the heating location and

measurement time
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Table 8. The rectal temperatures and averaged skin temperatures depending upon the heating location and measurement time

measurement | - attachment start (A) rest (B) | treatment (C) | recovery (D) F P post-hoc
part part
abdomen (a) | 37.25£46 | 37.19+45 | 37.06+48 | 36.92+.49
back (b) | 37.10£43 | 36.85:76 | 36.73+£86 | 36.97+44 part 3.08 030 | be<ad
rectal time 1.390 248
lowerback (c) | 37.24£31 | 37.20£35 | 37.09£38 | 37.03£34 | pasime | 220 991
arm (d) 37.00£75 | 36.73£1.01 | 36.71£97 | 36.47+1.34
abdomen (a) | 31.30+£22 | 30.65£36 | 30.48+32 | 30.11+.42
MST back (b) | 30.67+23 | 3022+64 | 29.93+24 | 29.53+54 e 2.98 248
time 1.282 221
lowerback (c) | 310338 | 30.38£28 | 2996£34 | 29.60£82 | paktime | 212 84
arm (d) 31.16£46 | 30.54+82 | 29.91+.64 | 29.44+62




Rectal MST

start rest treatment | recovery start rest treatment | recovery = %= zhdomen

== zbdomen

sbdomen | 3725 37.19 37.06 L — abdomen | 3130 | 3065 30.48 3011 | g pack

back 37.10 36.85 36.73 36.97 back 3067 3022 29.93 29.53

lowerback| 37.24 3720 37.08 37.03 lowerback lowerback| 31.03 30.38 29.96 2960

i

lowerback

am

arm 37.00 36.73 36.71 36.47 arm 3116 3054 2991 29.44

Figure 9. A comparison of the changes in the rectal temperatures and averaged skin temperatures depending upon the
heating location and measurement time

3.2. 2EWE FALXof wE 2L Tt THERe)e] £A7te SAdE AN folat
Aol gl ACE Uehtou okl Aol a3
3.21 2LWME FEftefx[of IE MR 2EH o] Yolx|thr} £ 19 3)

29 s PR A WE AnTe) FH edyr M wA L4 (90T e AL
Bob Ak RAYA D Al ME i@ ok b H s Aol LANEE AN Aol A% -
Btk vle] SARe ST RAAE foek A - AA - HE Ao o] 27)7x 2dgke] A%
of <057t Y= AT JEHon, S Helo] £ 02 Yol A% mATh wsldAe] Lz
HE R A A A 2 HEAS o] 4 L £ WE RANA0) B2 §919 Ho] (p<.05)F
4 5 Aow BAHAT (Table 9, Figure 10) wglo, wel edEE PR A 13 A W)

Table 9. Subjective thermal sensation on torso surface depending upon the heating location and measurement time

measurement | attachment

start (A) rest (B) | treatment (C) | recovery (D) F P st-hoc
— - ry po
abdomen (a) | 3404027 | 2.80£027 | 2304027 | 2.30£0.24
back (b) | 3.604027 | 3.004027 | 330£0.27 | 3.00:027 | Part 269 | 049 | b>acd
head time 760 | .000 | A>B.CD

arm (d) | 3408027 | 3.00:027 | 2704027 | 2.60:0.27
abdomen (a) | 4.004023 | 3.804023 | 4204023 | 3.30+0.23
back (b) | 4304023 | 3.80:023 | 4.10023 | 3.90+0.23 e 135 1259
chest time 9.03 .000 A>B,C>D
lowerback (c) | 4.40+0.23 4.00+0.23 3.80+0.23 3.30+0.23 part¥time 1.28 252
arm (d) | 4408023 | 3.804023 | 3.40£023 | 3.20£0.23
abdomen (a) | 4204022 | 3.804022 | 5.00£022 | 3.50£0.22
back (b) | 440022 | 410022 | 430:022 | 3.80+0.22 B 281 | .042 ab>d
abdomen time 0.39 .000 AB,C>D
lowerback () | 4204022 | 4208022 | 3904022 | 3408022 | jowine | 220 | 025
arm (d) | 4308022 | 3.90£022 | 3.60£022 | 3.20+0.22
abdomen (a) | 4204023 | 3904023 | 3.804023 | 3.60+0.23
back (b) | 4404023 | 4.10:023 | 4.804023 | 3.90+0.23 part 391 1 010 | b>acd
back time 772 | 000 | ABCSD
lowerback () | 4204023 | 4208023 | 4004023 | 3408023 | Lo | 004 | 495
arm (d) | 4308023 | 3.80:023 | 380023 | 3.20:0.23

abdomen (a) | 4.10£0.24 | 4.10+0.24 3.90+0.24 3.10+0.24

back (b) | 4.60£024 | 4.00:024 | 4.60:024 | 4.00+£0.24 part 2.95 035 a<b
lower- back time 10.71 .000 AB,C>D
lowerback (c) | 4.20+0.24 4.30+0.24 4.40+0.24 3.50+0.24 part¥time 0.91 501

arm (d) 4.20+0.24 4.20+0.24 4.30+0.24 3.10+£0.24




70 70

start rest

treatment

recovery
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50 50
=

30 = 30

20 20

10 10

start rest  |treatment | recovery | == abdomen start rest |[treatment | recovery | _ 4_ abdomen
sbdomen | 5.40 250 230 230 | g back abdomen | 4.00 3.80 420 530 & back
back 3.60 3.00 3.30 3.00 back 430 3.80 410 3.90
lowerback lowerback

lowerback|  3.30 290 2.60 250 lowerback|  4.40 400 380 330
arm 3.40 3.00 270 260 o arm 4.40 3.80 3.40 320 —e—arm

7.0 70
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50 L 50

30 =3 30
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10 10

start rest  |trestment | recovery | == ghdomen start rest  |trestment | recovery | == shdomen
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Figure 10. Comparative changes in the subjective thermal
and measurement time
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Table 10. Subjective thermal sensation on upper limb surface depending upon the heating location and measurement time

measurement | - attachment start (A) rest (B) |treatment (C) | recovery (D) F P post-hoc
part part
abdomen (a) | 4.10£024 | 4.60£024 | 3.60£024 | 2.90£0.24
back (b) | 4204024 | 4.10:024 | 4.60:024 | 320024 | part 440 005 a<d
upperarm time 17.12 .000 A,B,C>D
lowerback (c) | 430£024 | 4.00:024 | 430:024 | 320£024 | paerime | 1.99 045
arm (d) 4304024 | 4.00:024 | 4.90+024 | 3.10+0.24
abdomen (a) | 4.10£0.23 | 3.504023 | 3.40+0.23 | 2.80+0.23
back (b) | 4.00£023 | 3.90+023 | 4.40£023 | 3.00£0.23 part 212 021 | bracd
lowerarm time 21.21 .000 A.B>C>D
lowerback (c) | 4208023 | 3804023 | 360:023 | 2803023 | parpeime | 1.85 064
arm (d) 4204023 | 3.90£023 | 3.0040.23 | 2.90+0.23
abdomen (a) | 4.00+0.27 | 3.604027 | 3.10£027 | 2.20+0.27
back (b) | 3.90£027 | 3402027 | 320£027 | 2.40+0.27 part 041 748
hand time 2543 | .000 | A>B,C>D
lowerback (¢) | 3.80:027 | 3.60:0.27 | 3.60:027 | 2.50:027 | parprime | 045 908
arm (d) 4004027 | 3.60+027 | 2.90+027 | 2.20+0.27
;Z Upperarm ; z Lowerarm ;Z Hand
o . B B
0 start rest  |[treatment | recovery | == shdomen e start rest  |treatment | recovery | == abdomen 0 start rest  |[treatment | recovery | === sbdomen
sbdomen | 410 460 360 290 r— abdomen | 410 350 340 280 r— sbdomen | 4.00 360 310 220 . e back
back 420 410 460 320 lowerback back 400 390 440 3.00 Jowerback back 390 340 320 240 lowerback
lowerback 430 4.00 430 3.20 lowerback 420 3.80 360 2.80 lowerback 3.80 3.60 3.60 2.50 arm

Figure 11. Comparative changes in the subjective thermal sensation on upper limb surface depending upon the heating
location and measurement time

MEtkTable 10). Sl edsj= Ra9ixe] 323 RYWE RAR0 M2 X% 2HZ
AR 27k A7l Wt fod Aol (p<

HE eazte] §o8 Ao] (p<05T HALH, 5 ¥

Jol LANES 247 4SS A RANAE & o1t Y ACE BARYCH, AN WSl
o= A Folx LAzl P A0 e Ak LANE RAA 6] met o3 2o] (p.05 ;

om, AFARANE AR e BAT £59  peosyh A= AOE FAFATH (Table 1),

edz & egus FAYA GE §o8 Aol suA o) edRe 53 5 —a—moﬂ ST E B R
P AoE BAHYom, H 7 Rold LAME  Lozte] fAHE AOR Uehkon 5 RslolAs
AR A edzre] §AHE Ao FAHAY, BE LA ES AA Folr LAz seto] Y e
BoelA ] SAAE A2 A 2Age] 93E Ak A2 vehdrh ALE A4 AR AE So LA =
EAOE Uegth AWAOR gARe] 2ARe Al B 33 A slux] LA O H9e] LU=
Ao Qg A - AA A - B Ao ASHoZ LAY wae Al vl Felad BA dee Aew
o stetatis A0 BARACY AY Fol LA RAHYT w9 Bo] LANES D A9 A
AR Aol ZgRte] fA BE AsHe 2IdE B ZF ok Al A H] Al 2 FE Al o|Z7|7kR] 2497
AARY LAFE Fol LYHE A Azl A o] A&HoR setahs A0 et (Figure 12)



Table 11. Subjective thermal sensation on lower limb surface depending upon the heating location and measurement time

-h
measll::t ment attalc)::ent start (A) rest (B) | treatment (C) | recovery (D) F P I:l:ltlys(:sc
abdomen (2) | 3.60£022 | 2.804022 | 2504022 | 2.00+0.22
back (b) | 3.40£022 | 2.80£022 | 2.804022 | 2.60+0.22 part 2.86 042 | bracd
thigh time 2734 | 000 | A>B,C>D
lowerback () | 3.50:022 | 270:022 | 270:022 | 200022 | paktime | 0.80 613

arm (d) 3.60+0.22 | 2.80+0.22 2.30+0.22 2.00+0.22

abdomen (a) | 3.10£0.25 2.90+0.25 2.50+0.25 1.90+0.25

back (b) | 3.40£025 | 2.80£025 | 2.90+0.25 | 2.60+0.25 part 1.80 149
leg time 2273 | 000 | A>B,C>D
lowerback (¢) | 3.50:025 | 270:025 | 230:025 | 160:0.25 | pastime | 0.79 622

arm (d) 3.40+0.25 2.90+0.25 2.40+0.25 1.90+0.25

abdomen (a) | 3.80+0.25 3.20+0.25 2.50+0.25 1.90+0.25

back (b) | 3.904025 | 2.70+025 | 2.804025 | 2.80+0.25 part 2.95 035 | bracd
foot time 41.47 .000 | A>B>C>D
lowerback (c)| 3.80+0.25 2.90+0.25 2.20+0.25 1.50+0.25 part*time 1.70 095

arm (d) 3.70+0.25 | 2.90+0.25 2.40+0.25 1.50+0.25

70 70 70

Thigh Leg Foot

60 60 60

50 50 50

40 40 40

30 1

20

10 10 10

start rest |treatment | recovery | == abdomen start rest |treatment | recovery | = b= sbdomen start rest |treatment | recovery | == abdomen
abdomen 3.60 2.80 2.50 2.00 - back abdomen 3.10 290 250 1.90 ol back abdomen 3.80 3.20 2.50 1.90 & back
back 3.40 280 280 260 back 3.40 280 290 260 back 3.90 270 280 280

lowerback lowerback lowerback
lowerback| 3.50 270 270 200 lowerback| 350 270 230 160 lowerback| 3.80 250 220 150
arm 360 280 230 200 am arm 340 290 240 150 am arm 370 250 240 150 am

Figure 12. Comparative changes in the subjective thermal sensation on lower limb surface depending upon the heating
location and measurement time
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& Aol (p<00NT Mol AOE etk Bl & o] AFHA A3 A7 meh A Re] LAe
M A A LGl S Ao dEHe  felsl ek @42 2% Ao EAHA.

| Blsl Fotel =dztol

1 ES F0E Yeyth e 299E AX B9 324 SEHE BRI OE MY SdL
M= Alzke] Aol met 2d3te] stetete AL S =] FA A wE HA A 2EHL f
2 yebst o zol7k e Aoz UEY (p<0.001). Tl =

BT 242 FoE, AVIE g Aol (p<.05 Ao Er} BHE AL AMH O Mg 2 29
; p<O0DE Zre AR FHHJEH, o £g5= 7He BYon ol x| Al L FE AoE g2 B
AR A 7P =S S8A 2802 Zhe Ao E 2 H ol 2EAHES FHF FeEn 4538 22 2%
om, 35 Al 283 FA (A A :2.80, 3 S ZE A2E Ueiyth 1 o 2d7te] 2
5 Al :280)8k= A2 YERETh Ho1E H sle, ul, & <22 YEST (Table 12). A

Ao 2 spx = AR s 22 294s F0F 2, Fol 299E 73 A g8 B9 &
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A57F v ARSI vl sAF 2del ¥ oz FAFHAL
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Table 12. Total subjective thermal sensation on lower limb surface depending upon the heating location and measurement time

measurement | attachment post-hoc
Part - start (A) rest (B) | treatment (C) | recovery (D) F P Ry
abdomen (a) | 4.00+0.24 3.40+0.24 3.10+£0.24 1.90+0.24
Total back (b) | 4204024 | 3.60:024 | 4.00+£024 | 3.10£0.24 part 7.13 000 | b>acd
Thermal time 37.58 .000 | A>B,C>D
sensation | lowerback (c) | 4.10:0.24 | 3.50:0.24 | 3.40:024 | 220£024 | parpkime | 143 180
arm (d) 4.00+0.24 3.40+0.24 2.60+0.24 2.00+0.24
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Figure 13. Comparative changes in the total subjective
measurement time
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