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Development and Wearability Evaluation of All-Fabric Integrated Smart Jacket for a
Temperature-regulating System Based on User Experience Design
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Abstract : This study aims to develop an all-fabric integrated smart jacket in order to create a temperature-regulating
system based on a user experience design. For this research, previous research technologies of a textile switch interface
and a temperature-regulating system were utilized and a unifying technology for the all-fabric integrated smart jacket was
developed which can provide the appropriate temperature environments to the human body. A self-heating textile was
applied at the areas of the back and hood in the final tested jacket, and an embroidery circuit was developed in the form
of a rectangle in the back and in both ears of the hood, taking into account the pattern of the jacket part where it was
be applied and the embroidery production method. The textile switch interface was designed in a three-layer structure:
an embroidery circuit line in a conductive yarn, an interval material, and a conductive sensing material, and it was made
to work with the input and output sensors through the multiple input method. After the all-fabric integrated smart jacket
was produced according to the pattern, all of the textile band lines for transmission were gathered and connected with
a miniature module for controlling temperature and then integrated into the inside of the left chest pocket of the jacket.
After the users put on this jacket, they were asked to assess the wearing satisfaction. Most of them reported a very low
level of irritation and discomfort and said that the jacket was as comfortable as everyday clothing.
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Fig. 1. All-fabric integrated smart clothing system for temperature-
regulating systems.
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100% "<l(Mesh) &AE ARSI AT HEH(1x2)

Table 1. Textile material of smart jacket (garment, self-heating textile,
textile switch interface, textile band for transmission)

Item Materials(I.D) Specifications
Shell fabric 1 Nylon 100%, weight: 113g/m2
Shell fabric 2 Nylon 100%, weight: 153g/m2
Garment Lining Polyester 100%, weight: 75g/rn2

Lining (Mesh 1) Polyester 100%, weight: 89g/m2
Lining (Mesh 2) Polyester 100%, weight: 209g/m2
PU-Cu: Polyester = 50.3:49.7

. COIld;,lCtIVC Linear density; 634 denier
Seltj—heatlng yarn(1] Resistance; 0.0510 (/cm
textile S

Base fabric ?

1009 ight: 134
(Woven fabric) Cotton 100%, weight: 134g/m

Ag-Cu: Polyester = 54.5:45.5
Linear density; 570 denier
Resistance; 0.049Q/cm

Conductive
yarn[2]

Metallized nylon woven fabric
Conductive fabric (Shieldex® Kassel, 118g/m2)
surface resistance: 0.03€2/sqr
Nylon 100%, weight: 10g/m2,
Openness: 9mm?

Textile switch
interface

Spacer fabric
(Mesh fabric)

Insulation fabric
(Woven fabric)

Base fabric . 2
1009 ht: 134
(Woven fabric) Cotton 100%, weight: 134g/m

Nylon 100%, weight: 38¢/m’

PU-Cu: Polyester = 57:49.7

Textile band for C;;(E;l]c tive Linear density; 549 denier
transmission ¥ Resistance; 0.051Q/cm
Nylon yarn Linear density; 150 denier

From Kim, 2015; Roh, 2014; Roh & Kim, 2016
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Fig. 3. Multi-points sensing circuit diagram.

Fig. 2. Design and fabrication of heating embroideries. Position: (a) Abdomen and back (b) Neck circumference (c) Hood.
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Fig. 4. Process of textile switch interface production. (a) Base fabric with embroidery circuit, (b) Mesh layer and insulation layer fabric, (c) Conductive

sensing layer fabric.
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Fig. 5. Textile band for transmission: (a) textile band after skinning by using CO, laser system (b) soldered interconnection between textile switch and
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Controller
8cm x 8cm

Fig. 6. Integration part of three textile bands (D and @ bands from the
self-heating textiles in back and hood, 3 band from a textile switch).
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Fig. 7. Technical sketch of smart jacket for temperature-regulating systems.
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Fig. 8. Planar figure of smart jacket for temperature-regulating systems.
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Table 2. Comparison of resistance between before washing and after
washing of self-heating textile

Sample  Before washing  After washing Difference of
no. ((9)] ((9)] resistance (Q2)
1 2.920 2.958 0.038
2 2971 2978 0.007
3 2.953 2.971 0.018
4 2.960 2972 0.012
5 2.905 2.904 -0.001
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12), Very Large(13-16), Extreme(17-20)Z ZFo] TRl w9
Tro g uUro] Hukssith AA| b @& HAEHSE
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Table 3. Comparison of resistance between before washing and after washing of textile band for transmission

Sample no. Resistance () Linel Line2 Line3 Line4 Line5 Line6 Line7 Line8
Before washing 0.235 0.230 0.234 0.212 0.229 0.236 0.230 0.216
1 After washing 0.226 0.225 0.218 0.207 0.249 0.215 0.212 0.226
Difference -0.009 -0.005 -0.016 -0.005 0.02 -0.021 -0.018 0.01
Before washing 0.220 0.233 0.233 0.219 0.227 0.224 0.222 0.221
2 After washing 0.255 0.201 0.224 0.203 0.197 0.224 0.251 0.215
Difference 0.035 -0.032 -0.009 -0.016 -0.03 0 0.029 -0.006
Before washing 0.215 0.214 0.235 0.215 0.223 0.235 0.227 0.219
3 After washing 0.207 0.244 0.227 0.221 0.248 0.212 0.214 0.210
Difference -0.008 0.03 -0.008 0.006 0.025 -0.023 -0.013 -0.009
Before washing 0.233 0.238 0.239 0.234 0.227 0.240 0.234 0.233
4 After washing 0.194 0.235 0.261 0.200 0.252 0.228 0.255 0.220
Difference -0.039 -0.003 0.022 -0.034 0.025 -0.012 0.021 -0.013
Before washing 0.236 0.223 0.229 0.218 0.237 0.227 0.231 0.224
5 After washing 0.244 0.265 0.208 0.215 0.237 0.239 0.220 0.204
Difference 0.008 0.042 -0.021 -0.003 0 0.012 -0.011 -0.02
Fig. 9. Photographs of the finger touch tester and touch sensing test process.
Table 4. Comfort assessment results (N=43)
List of evaluation Mean(SD)
Emotion L:(r)r;:::r;iz(jn at:zz;:;);v iIt.look when I wear this wearable smart clothing system. I feel tense or on edge 5.56(5.804)
Attachment I can feel the wearable smart clothing system on my body. I can feel it moving. 5.51(4.983)
Harm The wearable smart clothing system is causing me some harm. It is painful to wear. 1.95(2.878)
Perceived change Wearing the wearable smart clothing system makes me feel physically different. I feel strange wearing it. 3.53(4.322)
Movement The wearable smart clothing system affects the way I move. It inhibits or restricts my movement. 3.88(3.493)
Anxiety I do not feel secure wearing the wearable smart clothing system. 4.84(4.624)
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Fig. 10. Wearing satisfaction assessment(N=43).
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