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Development and Evaluation of Wearable Device with Heat and Massage Function

Roh Eui KyungT and Yoon Mi Kyungl)

Dept. of Fashion Design, Jeonbuk National University; Jeonju, Korea
U Tech Design; Seoul, Korea

Abstract: This study developed smart vests with heat and massage functions that changed patterns, designs, materials,
etc., and evaluated their functions and satisfaction. A knitted fabric with good elasticity and a heating lining were used,
and in consideration of this, the final vest pattern fitted to the upper body was completed. A heat pad was attached to the
back, and 6 vibration motors were attached to the trapezius muscle. The controller was placed on the left chest for easy
operation, and the battery was stored in an inner pocket under the controller. The heating effect of the smart vest, the
location of the devices, and the ease of operation were excellent. When the massage function was operated, the thermal
comfort was increased compared to when the massage function was not operated, and the high thermal comfort was per-
ceived by the operation of heat and heat+massage function. Due to the battery, the weight, irritating contact of devices
and wearing sensation decreased, but there was no reduction in wearing sensation due to heat and vibration devices. The
greater the satisfaction with the massage function, thermal comfort, fit, appearance and weight, the greater the product

satisfaction.
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Table 1. Characteristics of subjects (N : 10, Mean(S.D))
Height (cm) Weight (kg)
1641 (5.2)  56.1 (8.5)

Sex Age
Female 21.2 (1.0)

Breast (cm)
85.8 (5.3)
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Table 2. Characteristics of textiles used in vest

Characteristics Shell Lining 1 Lining 2

Acrylic

Material (%) e pET304PU2

PET100 PET100

Double weave
Plai
Weave (rip stitch+fleece) Crepe am

Density
(walexcourse/S cm,  31.5x394  162.5x 1423 200.8 x 169.3
wpxwi/5 cm)
Thickness (mm) 2.67 0.21 0.09

WR, CIRE, RX(Foil)

Not
ot Megaheat, Ventex
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of Z7|go] 9% tlgo=Z ujte] & 4 QUTH(Seok, 2018).

P2 £ZE oz} A= oluFo]ojR 9F
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Fig. 1. Block diagram of heating and massage devices.
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Table 3. Preliminary test on function of vibration motor

Model no. 827 1034RFN31-17d 803
Voltage(V) 3 3 3
Size(mm) P12x34 P10 x3.4 D8 x 3
Speed(RPM/min) 12000 + 2500 13500 12000 + 2500
Function(point) 5 4 4
Note Jubaolai, China Constar, China Taidacent, China
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Fig. 2. Structure and appearance of vibration motor: * FPC: flexible
printed circuit.
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Fig. 3. Heating pad: (a) front, (b) back.
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Fig. 4. Structure of controller.

Fig. 5. Combining heat and massage devices, controller and battery.
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Table 4. Composition of questions

Categories Questions

Performance Effect of functions

None, massage device, heat device,
M+H devices

Suitability of location, on/off
operation, Step transition, Working
sound, Easy to operate

Weight/ clothing pressure/ irritating

Thermal comfort

Operation

contact/  wearing  sensation/ Shoulder, back, breast, abdomen
appearance

Position of shoulder line, arm
Pattern

hole, ease, fit

Device attachment Massage, heat, controller, battery

Appearance, design, color, weight,

Satisfaction .
textile, product
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2nd
questionnaire:

questionnaire: Massage—~
Device not | Heat—

’ working } M+H

1st
Rest Cold
(30min) endurance

Fig. 6. Experimental protocol.
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Fig. 7. Technical drawing of smart vest.
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Fig. 8. Shell pattern of smart vest.
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Fig. 9. Device location and lining of vest.

Fig. 10. Appearance of smart vest.
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Fig. 11. Heat and massage attachment, wire passing method.
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Fig. 13. Thermal comfort according to functional operation; ***p<.001.

Tukey HSD test results A>B>C.
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= MAA s HelE

333. 2% golA

2ntE 27] 7%l s 27 golAe] x
3 HES AAHHA Mann-Whitney U RS AAISH A
71518 Hupo]ze] 22k gol oA zol7t gl= Aow U
WTHTable 5). XE 3 2d tjufolzo] gk 1A A9,
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Table S. Ease of operation for smart vest (N: 10, mean(S.D))

Questions Massage Heat Z
Suitability of location  5.50(1.27) 6.10(.74) -1.06
On/off operation 6.30(1.89)  6.30(1.89) 0.00
Step transition 6.20(1.32) 6.30(1.25) -0.13
Working sound 3.60(2.27)  4.60(3.10) —0.86
Easy to operate 6.50(1.58) 6.50(1.58) 0.00

Table 6. Wearing sensation by body part (N: 10, mean(S.D))

R
mlE Z719] AR Tujelze] Rz, olue), HE
A A%, 2870 Aol A 247 ) Kuskal
wallis 7473} Tukey HSD AF-HAS AAISFATHTable 6).
tujols HAom Qg FARE AZHM: 1954148y A
Qgront, Tiufolzs ARSI wWebq Tzt Azeln £
Moz g Aolt Ueltt. % 2 U Hrlel sz
3 ol @ SRele) FAE Ae] AzkEA) eigkon), By
wgl0] wjE2e] FARte] T Tlulel2nrt B Azwgin,

olh ol FA Aol A AL wAAAY W 3E

I AT

w
)
~

o] EAtE7] wioltt. &, 22 FAlEt=E WHo] A whejH
A slgo] Fol5, WHo] #oH sige] HFHe] X
Aut o) 7e] Agoll= oAfizel sh of7llell Hele sksel 2
ARt B Al AR AvtE 27 ASA Aok MY
Hos WS F3A U slgo] Eatelo] FARE

o] A A AZE ALo=r Rl

Clutol o] webd] AR eBtelN FAHOR
Feld Aol7k Gl AL UEpgon], we o H]KM:
1.90+1.61%)S AZhshs Zo2 Uit 2R 2154 3
< shate] Bl 7Aek Aol 5 7ha E¥r SR Er)
(Yi, 2014). 224 71E deln JEE 8l ARl L
T8, A5 e WE K AREoE S Aok
FA oA AlAe DREo] ZeAS M7, S5t
72 Z3} vepd

tjuol s RA) Wehy AT ALYelN Ao
Frelgt 2ot e Aow ‘JrF/]r‘Xl”‘:]' v s wAAA 2
Rlgh BAYL A3 fdsle] T RN A
14913»}, uhEe] wjElE)E Rolsh Pk Tk tluje] St

wusl Brox] ALy X7o] 2 o welth

ﬁ& 2ulE 2709 HGPANE SAHOR fel@ o)
7} vk Shuksl kel tlujol2t R ojrle} 5 B9l
gzt o1} uiEg)r} F2E Bxo] 2azte] Yk} ol
9} 7o Azl ZAZT ASPnte] Auele SA}E Ake
HAFN Qo] 2&he AT B AEdA] #Ho] dS

&% 9

33.5. 3" 2 Tzl
2nlE 27]9] #E ﬂ?}*& AHE Az} o7 91x], F
S, Sy SN 35 H7H=E IS (Table 7). SEAIRE

2?

Body parts Shoulder Back Breast Abdomen b
Weight 1.20(.63) B 1.00(.00) B 2.30(1.57) AB 3.30(1.70) A 1745
Clothing pressure  1.50(1.08) 1.10(.32) 2.40(1.96) 2.60(2.07) 7.18
Irritating contact 1.50(1.27) BC 1.00(.00) C 3.20(2.15) AB 4.00(1.94) A 18457
Wearing sensation  6.70(0.67) A 6.90(0.32) A 5.70(1.25) AB 5.00(1.63) B 13.02"

“p<01, 7 p<.001, Tukey HSD test results A>B>C



Table 7. Pattern suitability (N: 10)

Position f)f Arm hole Ease Fit
shoulder line
Mean(S.D) 6.8(0.42) 6.7(0.68)  5.5(1.27)  6.3(0.48)
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3} BRo] olaat AAdAE o] B WrlEle}. o] oA Table 8. Satisfaction of composition characteristics and vest product
wlol2s ¥ao Q5 ALYse Belol glom, tluel2vt o
A7 WHEsE 9He|E Jako] 9SS HajZT) Satisfaction Mean(S.D) Satisfaction Mean(S.D)
2mlE 27]9] tulol2 wAd] thak AEwe] 2ol gl Appearance 6.10(.74) Weight 5.70(1.70)
Aoz Uepkon], BE Rold Biate] 753 A MEs) Design 5.70(1.06) Textile 6.50(.71)
AT} o= AEFOZ 015t Tlujo] o] SAFS WX ElY] SltolT). Color 5.70(1.06) Product 6.30(.67)
- ‘I n2=02.54"* g 7 n3=2.14
3
s © g9
« B >
N ch
- 3 : 3
g
2 g2 j J
1 $1
Shoulder  Back Breast Abdomen A Massage Heat  Controller  Battery
Body part Body part
Fig. 14. Appearance and preference for device attachment; ~ p<.001, Tukey HSD test results A>B.
Table 9. Relationship between functions and satisfactions of vest
Heat Massage Therr(rlljalir;;))mfort S\Zne;artiir(l)i Fit Appearance  Design Color  Weight  Textile
Massage -23 1.00
Thermal comfort =27 A7 1.00
Wearing sensation 13 .19 31 1.00
Fit -25 .60 34 29 1.00
Appearance —43 64" 70" 49 50 1.00
Design -10 23 a7" 62 24 61 1.00
Color —-43 49 37 37 42 47 .60 1.00
Weight —27 89" 35 A7 55 73" 38 68 1.00
Textile -25 33 30 48 69" 53 22 07 32 1.00
Product -36 8" 70° 42 78" 83" 45 45 76" 58

*p<.05, “'p<01
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