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Development and Evaluation of Smart Foundation with Heating Devices

Young-Mi HwangT and Jeong-Ran Lee

Dept. of Clothing & Textiles/College of Human Ecology Research Institute of Ecology for the Elderly,
Pusan National University;, Busan, Korea

Abstract : This research developed a smart girdle for adult women in their 20’s that has an inserted carbon weaving
heater to help with relief from coldness and abdominal disease through the thermal insulation effect. A pocket of powernet
fabric was attached to the inside of the girdle for the easy insertion and separation of the heating device, while the heating
device was fixed to a mesh material by cotton yarn and was wrapped with elastic lining material to prevent the mechanical
devices from being exposed. A set of 3 hooks was attached to the center of the back of the heating device in consideration
of convenience and mobility. Whereas the switch was inserted into around the right waistband, and the battery into the
inner pocket around the waist, to integrate the heating device with the girdle. The satisfaction and usability of the fab-
ricated smart girdle was verified by having research participants wear it to evaluate the appearance change caused by the
device, the inconvenience of wearing/unwearing, mobility, and the satisfactory functionality of the device. As a result, the
grand mean was evaluated to be high, with appearance (4.19), mobility (4.17), and functionality (4.51) being higher than
4.00; which indicates that the heat generation function of the smart girdle is effective. It may be said that such collection
and analysis of data that reflect users' opinions have value and significance in that they can be grafted onto future research
on new technology as well as they contribute to taking a step forward in the rapidly increasing research of smart clothing,
with the new-type clothing equipped with new function.

Key words: heating devices('Z € %)), warmth(}.2), smart girdle(2=7}E 7 E), carbon(7}), adult women(%d ¢! <

)

rh

P71 el Al 29] TR
2008 oA = 7H~831Y
MXHE} 20094 129 9
o A2 yF H=zE sy, &
o= Apambx] 22 A %“ Uthe vhge] g8 A%
HE JeRNITH“Completion of fashion”, 2011). ©]&{3F
= HA AYAPE B EuAelA 2 AEE S A
FE7F TVE, el 43 5 ok f5 7= 93l
2HEAA O 43 A JE F e e ¥skE
2 HEA o & S PAA @ AR HRItKCho &
Lee, 2008). 0]} FAlol &2 77 A #o] AFOE 1244
A gk 'L]‘l‘m"] NdellA Bloju} o IFAHA T 7]

87} 7EXY] FEo = uigo] 7PEA gl

=
=

[}
R
A

1l

_4_4
o

tCorresponding author; Young-Mi Hwang
Tel. +82-51-510-3605, Fax. +82-51-583-5975
E-mail: ciel-210@hanmail.net

B RS WA YTERY AR

231

e &5 o EoRAL AUthGu, 2010). H ATl B
sl 2AE HEshs Vgl =E3age] falom £9.9]
718 Qo] »H’S_*és'& HPH%@ NS FHsL A7 NS
L35 SHATE =R S5 O Yot 24 sl AT
o7% AZEA AL xlwﬂb S FE =R 8 H Q)
th o]XH¥ &2 1 FAW g opg} HelkslH 7A7e &
S veet 9 vAA @ Aotk (Park, 2010).

sH, FHIFEIL o] I At WsE o|F Zlolghs
A ofel] 2mlE oFel tigt =9 A= oS sz
Atk HA 2nlE ofF Jled A, A 2 gERE T
AL B 7% £ 502 N 91, w59 73%’—5— 2

& ﬁﬂﬂw ?LA} L= %° 5
Aol g=ro] 9=
1 AEfo] AaL lv}(Lee 2004) ZEM WHUW 7H“‘Eﬁ

S 20k SRl the bk ATt gelsh 2S F4
o2 ool Uw, 1AHOE ARG WA AFLS st
B Hoalre 9EE ke &2 SoME steldl tigk A+
L p=xsl AAo|t) ulehd oq/H &9 AulE ,]Troﬂ st A
Tt e desitia Y7 of7le] B 715E 9% T




232 SOl FNY SR A15H A28, 2013H

Table 1. Mean body size of the subjects test to develop the heating device

(n= 10, Unit: cm)

Body size Size Korea (2010)
Measurement
Mean SD Mean SD
Height Stature 166.1 1.6 160.3 5.2
Waist circumference 65.0 1.8 70.0 6.1
Hip circumference 88.3 1.6 91.5 4.7
Circumference

Thigh circumference 51.6 29 54.6 38
Midthigh circumference 452 32 484 3.8
Waist to hip length 20.7 1.5 18.8 2.0
Body rise 24.6 2.7 259 1.7

Length . )
Crotch length(natural indentation) 71.3 2.5 69.2 3.7
Crotch length 274 0.9 - -
Weight 52.1 29 533 6.8
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Fig. 1. Prototype of the smart heating girdle with a heating device
attached. (Hwang & Lee, 2012)
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Table 2. Specifications of the weaving heater used in the research
Division ~ Voltage Amperemeter .Electric Wattmeter Max temp Size (cm) Number of
Part V) (A) resistance () (W) “C) carbon
Abdomen 74 2.96 2.5 21.904 <85 14.5x9.5 8x1
Hip 7.4 11.84 0.625 87.616 <85 8.0x15.0 6x2
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Fig. 3. Prototype system of heating device.
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Fig. 4. Temperature change of the abdomen weaving heater by different
temperature mode.
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Fig. 5. Temperature change of the hip weaving heater by different tem-
perature mode.
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Fig. 6. Input voltage waveform of the abdomen weaving heater by different temperature mode.
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Fig. 7. Input voltage waveform of the hip weaving heater by different temperature mode.
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Fig. 10. Operation of the button-type switch after wearing the heating
girdle.

Fig. 11. Operation of the switch while wearing the heating girdle under
everyday wear.

Fig. 12. Change of the lithium polymer battery after wearing the heating
girdle.

Fig. 13. Change of the battery while wearing the heating girdle under
everyday wear.
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Table 3. Result of evaluating the appearance of smart girdle with heating Table 4. Result of evaluating the wearing sensation of smart girdle with
Division Items Mean SD heating
1. Appearance of center line 437 055 Division Ttems Mean  SD
2. Appearance of waist line 422 067 1. Tightening of the ~ While standing 4.10 0.57
3. Fit of waist circumference 430 0.66 waistband While seated  3.80 0.63
4. Fit of abdominal part 456 052 2. Tightening of the ~ While standing 420 0.79
Front 5. Fit of crotch part 450 052 abdominal part While seated 420 0.63
6. Fit of an overall appearance 452 052 3. Tightening of the ~ While standing 4.50 0.53
7. Overall appearance 448 057 crotch part While seated  4.30  0.68
8. Natu.ral appe.arance of the area to which the 437 059 Tightening 4. Tightening of the ~ While standing 4.10 0.87
heating device is attached Thigh part While seated 3.90 0.87
9. Overall appearance 428 0.65 5. Tightening of the hip  While standing 4.60  0.52
Side 10. Natural appearance of the area to which 401 076 part While seated 4.60 0.52
the heating device is attached 6. Wearing sensation of While standing 4.60 0.70
11. Center line 429 055 the design line While seated 430 0.95
12. Appearance of waist line 391 0.79 7. Wearing sensation of While standing 4.60 0.52
13. Fit of waist circumference 410 0.70 the length girdle While seated 4.60 0.52
14. Fit of hip circumference 437 063 8. Sweat absorption and air permeability 4.00 0.67
Back 1. Fit of crotch part 440 061 9. Touch of the fabric 440 052
16. Fit of an overall appearance 427  0.65 Wearillqg 10. Thickness of the fabric 450 053
17. Overall appearance 381072 IO Stetch of girdle 420 0.79
18. Natural appearance of the area to which 334 060 12. Convenience of wearing/unwearing 3.10  0.88

the heating device is attached - - -
13. Mobility due to the girdle’s weight 4.60 0.52

14. Comfort without the sense of

Design 19. Popularity of the girdle’s shape and design 4.01  0.46

20. Natural appearance of the inside of the

Inside ) ’ . . 078 pressing the body caused by the 3.60 0.70
girdle after attaching the heating device Physical heating device
Total Mean 419 063 discomfort 15. Comfort without the bothering
Cronbach's Alpha 0.90 contact of the heating device with 3.60 0.84
the body
16. Wearing sensation of the Overall 3.60 0.52
ZF87F Frl : Table 4= Y 75 2nfE AE] Zert Psychological 17. Psychological rejection against the 400 067
7} Aztolt}t. 1089 WA=} BARA 7} B2 Anfe A rejection heating device ’ ’
=9 283l B B9 WHAEL 3 & A Y= A9} Total Mean 4.17 0.66
oko. T FRIS T2 )= a7ty FEAS Cronbach's Alpha 0.78
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Table 5. Result of evaluating the function of smart girdle with heating AL AEAo] Y= Aoz A ux|sle] WEAR| 7} §
Division ltems Mean_SD ol HLHYS A BEAL =9 27, 2 99 AA%
Effect of . Abdomen  4.70  0.48 A Eo] HolA| BE= S Qo= i Flvk. w9
functi 1. Effect of heating . NN ) = o “
ction Hip 450 053 491 E£59% ) slel ASe] Mo} oJge] 19 Tzl
2. Suitability of the heated ~ Abdomen  4.80 0.42 Aol IUE BAEZ FHYE TS| &4/ dIZXE
location Hp 420 103 gqelm Rel® 4 =S A% S99, 2Rl feldw
o Abdomen 490 032 FEAS 7l ¥ Fe] WE Felele 39A9] 2do) 7}

3. Switch activated . B
Hip 490 032 pa AveE REsich 290XE AESH Fgue] ©
Abdomen 470 0.48 2o 2l Holks] the 2= 9= 0= O & 2o H
4. Easy change of switch mode ) Bl 7P ARk 'he - e e85 o oz Rl v
Hp 470 048 X3lgim, AXE AARAE SN b Beigel Z3
5. Easy activated of heating ~ Abdomen 470 0.48 7o) w2 Zlowg Hdog & =y Holx| PrE 17| 935}
Smoothness  device Hip 470 048 o] ja] Fglo] 27 Qrow HFUUS wEo] Asigint.

and . . _
stability 6. liatte'ry h?lf (A smglt:h \ Abdomen  4.00 0.82 A9} AL Edlel Aule ASY nELE dolr
charging allows more than ) _ _ oo <1 en s
hours of continuous use) Hip 420 0.79 7] S8 LR 2d ASS FaAPe AFA 108 WS
Abdomen 440 0.70 o= o] WK A3, o|dgrlelM s AAET 4198 =
7 Heat of heating device Hp 440 070 B7FE RAUTE /A A5E @5el SWE340) e
8. Temperature of weaving Abdomen 440 0.70 HrE Holle sk 2] d=olM w2 WS vet
heater Hip 440 0.70 oy ZIARX7E AdE AES] 9ol W3t gles & F
9. Overall satisfactory operation of the heating 450 0.53 AT 287 WIF Ao s AsS] F, gl oig BHgt
device ' SJE(3.10y2 A3l B 3.60 Vo= E=A YeRaL %A
Wearing/ 10. Convenience of wearing/unwearing of  4.10 0.99 HHge 4172 =& HrE Y9tk a8)a 598 53R}
i heating devi =5 x 2 S
unwearing cating device 451 061 Al ARtE ASE 2MoAA BIAXE 33] o)A} 71 A7)
Toal Mean 5 0gA AEele] A8 UE 715 Bkl B Aol
Cronbach's Alpha 0.80

AE AAFFo] 4512 YERET, BE 3ol 4.00 o)L

2 o] Hrlwle) ZvlE ABe] We Jl5o] ARAYL @

UeRstth ol &% Al Alxdoele] AFe] B Rl ok T AAck
AL W ok FAle] Al Aot gobd IAAZF o d3y B ATE A 2GR E T 2nE AES MY
o] WIAIE A5 AR Bo] AAolA Bloju= A7t = 3 5 2 53E Al fsl AdAE A3 Fel T el
EAN go] 9lo] A ek AAY o Asxe] AgE A 7171= Q1% ool wstel 284k, 71719 Ad3t 7154
WHa7E o AX A 2D o xgE BAA ] B XA < B7sITh o= AR oS RG9S = HolH
Yok Aol A7 WEoltt £ 7, 2R FF s A HES ¢ US ®
Agdelel ik Eollrl= 291219 onjoff 71%F, BE A gk ol AR L 7]5o] FojE AlF ojEo R FFske 2t
3715, 2] 98 BF 470 o3 2 AFE e E ofe] A7 kel 3AE o vold e IS 7
o] 717181 &l tisl ALES AT F AT 2AA 9 ekl 2 719k €]e)7h v shzlck
o A7 QLA ) 2k 3 7] glo] ad T4 Al s AN APS Tl 717IR Qg oE
A0 715l v RSl Sl Ae® yEpt o] Wsle Wrlslel & AolA ArlE 28 Hrh At
kel ot Ald HPE 9 IT2o] e st
4. A= 9 Hof 32 Fa) 2 A7) 754 NEE Astel vw W) 5 2
g 7T B2aAE ASHerA At AS| AF A&
B AT 200 A S e R S Sl 59 3t 7Fsde S Bz gt
o} BR AslogRE HLgIE B AdBlE 98l FHE 7
Z LIATE AR B 71 AvE ASS /et o] References
£ 23] A3AT-(Hwang & Lee, 2012)2] Aol AAISH 2~
HlE AEe] 1A AlQRS HlEo 2 uld AAE 7HHE%].<}§\_T/_’ o] Cho, Y. K., & Lee, Y. M. (2008). The development of women's
AL A Al9lE AnlE ASS 9451 innerwear design according to the fashion trend analysis. Journal

- _ _ _ of the Korean Society of Fashion Design, 8(2), 75-94.
vl 2} o] Egle o Az 2y HAEZEgo A . >
YA} 5] T2 A8 Az wAAs AES e Cho, S. H., & Kim, M. S. (2008). Brassiere pattern development based

T F-ole vis Aol HAkR vl=dstel 1gA71a A



on 3D measurements of upper body - Focused on women in their
30's. Journal of the Costume Culture, 16(3), 488-501.

Cha, S. J., & Sohn, H. S. (2010). The conditions for wearing and
purchasing brassieres by Korean women -Based on the female
college students in their early 20's-. Journal of the Korean Society
of Clothing and Textiles, 34(2), 303-317.

Choi, J. Y., & Cho, S. H. (2012). Purchase behaviors, size combination
suitability & products satisfaction for women's underwear sets
sold on TV home shopping. Journal of the Costume Culture,
20(2), 154-168.

Gu, E. H. (2010). The relationships among clothing values, wearing
behaviors and the attitudes toward underwear for girl students.
Unpublished master's thesis, Chungbuk University, Cheongju.

Hwang, Y. M., & Lee, J. R. (2012). Prototype of smart foundation with
heating devices. Journal of the Korean Society for Clothing
Industry, 14(4), 588-596.

Korean Agency for Technology and Standards. (2010). Session 6: The
Korean anthropometric survey.

Kim, Y. S. (2011). The effects of women's attitudes, selection, and
wearing experience on purchasing intention of underwears made
of smart fibers. Journal of Fashion Business, 15(1), 115-128.

Ko, S. H., & Kim, K. H. (2011). Study on designing of underwear for
men : focus on men's underwear(woven boxer). Journal of the
Korean Society of Knit Design, 9(1), 72-85.

Lee, J. H. (2004). Digital wear of daily life. Fiber Technology and
Industry, 8(1), 11-18.

Lee, H. J., & Kim, J. (2007). A study on the functional panty basic
pattern for elderly women. Journal of the Costume Culture, 15(5),
737-748.

Lee, N. Y. (2009). A study of women's innerwear design trends :
Focused on innerwear advertisements. Journal of Design for
Woman's Concerns Association, 5(1), 54-68.

Lee, S. O. (2012). The effects on menstrual pain and discomforts of the
underwear with space energy. Unpublished doctoral dissertation,

WHPHE 0]§5 1L Iy SE gjol o] AL B B} 239

Pusan University, Pusan.

Na, M. H. (2009). A study on the development of brassiere pattern for
elderly women. Korean Journal of Human Ecology, 18(2), 397-
406.

Park, Y. S., & Choi, Y. S. (2006). A study on the adaptedness of
brassiere underbust length. Journal of Fashion Business, 10(1),
31-40.

Park, J. E. (2010). 4 study on VMD of eco-friendly underwear outlets.
Unpublished master's thesis, Dongseo University, Pusan.

Seo, Y. H., & Chung, S. H. (2008). Study of elderly women' buying
behavior of panty and brassier and wearing test of brassier.
Journal of the Korean Society of Clothing and Textiles, 32(7),
1013-1022.

Suh, C. Y. (2010). Comparative pattern analysis and the fitness
evaluation of brassieres. Journal of the Korean Society of Clothing
and Textiles, 34(4), 673-685.

Sohn, B. H., & Kweon, S. A. (2012). A survey on wearing of
brassieres according to body and breast type of college women.
Journal of the Korean Society of Clothing and Textiles, 36(8), 791-
801.

Seok, H. J., & Kim, S. H. (2012). Purchasing practices and wearing
satisfaction of panties for elderly women. Journal of Korea
Society of Design Forum, 34, 65-74.

"Underwear', the completion of fashion, even protects health'. (2011,
December 12). The Korea Economic Daily. Retrieved June 13,
2012, from http://www.hankyung.com

Yeom, S. J., & Kim, E. J. (2012). A study on the traditional clothing
design by applying the late Joseon's women underwear style.
Journal of the Korean Society of Costume, 62(7), 54-66.

(Received 30 July 2012; 1st Revised 27 August 2012;
2nd Revised 9 January 2013; 3rd Revised 7 March 2013;
Accepted 15 March 2013)

Copyright © The Society of Fashion and Textile Industry. 2013. This is an open access article distributed under the terms and condi-
tions of the Creative Commons Attribution Non-Commercial license (http://creativecommons.org/licenses/by-nc/3.0/), which permits

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




