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Abstract: This study focusses on the development of a motion-sensing smart leggings prototype with the help of a module
that monitors motion using a fiber-type stretch sensor. Additionally, it acquires data on Electrocardiogram (ECG), respiration,
and body temperature signals, for the development of smart clothing used in online exercise coaching and customized health-
care systems. The research process was conducted in the following order: 1) Fabrication of a fiber-type elastic strain sensor
for motion monitoring, 2) Positioning and attaching the sensor, 3) Pattern development and three-dimensional (3D) design,
4) Prototyping 5) Wearability test, and 6) Expert evaluation. The 3D design method was used to develop an aesthetic design,
and for sensing accurate signal acquisition functions, wearability tests, and expert evaluation. As a result, first, the selection
or manufacturing of an appropriate sensor for the function is of utmost importance. Second, the selection and attachment
method of a location that can maximize the function of the sensor without interfering with any activity should be studied.
Third, the signal line selection and connection method should be considered, and fourth, the aesthetic design should be
reflected along with functional verification. In addition, the selection of an appropriate material is important, and tests for
washability and durability must be made. This study presented a manufacturing method to improve the functionality and
design of smart clothing, through the process of developing a prototype of motion-sensing smart leggings.
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Table 1. Smart Clothes development case
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Hexoskin AiQ Smart Clothing

Wearable X Athos

Image 1. Image 2.

Hexoskin Smart Kits Bio Man100

www.hexoskin.com.

www.aigsmartclothing.com.

2%

Image 3.
Nadi X

Image 4.
Athos

www.wearablex.com. www.liveathos.com.

fi - - -
Smart fitness Sensoria Cityzen Sciences Movesense Payertek
clothes
Image 5. Image 6. Image 7. Image 8.
Sensoria® smart T-shirt Cityzen Dshirt SUPA Powered Sports Bra Catapult
www.sensoriafitness.com. www.cityzensciences.com. WWW.movesense.com. www.playertek.com.
KOMODO OMsignal Siren.care Master Attention
Healthcare
clothes

Image 9.
AIO Sleeve

Image 10.
OMbra

www.komodotec.com.

- W |

www.smartclothinglab.com.

Image 11.

Image 12.
Siren Smart Socks Healthwatch

www.siren.care. www.healthwatch.co.uk.
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Fabrication of motion

meonitoring sensor

-klanufacture of MWCHNT sensor using

conductive ink based on previous research

Sensor Pozitioning and

Attachment

- Representative action settings

- Derivation of sensor measurement area

| Smart leggings design |7 - Leggings design
- Pattern development and 3D design

| Prototyping |

| Performance test li - kiotion monitoring test

- Wearability evaluation

- Expert evaluation

Fig. 1. Research procedure.
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Table 2. Subject analysis
Item M1 M2 M3 W1 w2 W3

Age 33 27 24 32 34 41

Men(M)/

Women(W) Height 169 175 180 162 159 164

Weight 59 70 75 60 57 54

Fig. 2. Smart leggings wearability evaluation; (a) wearing smart leggings, (b) motion monitoring.
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Fig. 3. Schematics of the stretch sensor; (a) Top view, (b) Sectional view. (c) Photograph of the stretch sensor, (d) MWCNT strain sensor printing.
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Table 3. Strain sensor resistance change measurement experiment according to length change

Stretch 0.5cm lcm 1.5cm

Number 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Strain
sensor (M%)

Fig. 4. Ten thousand times of stretching test of strain sensor.

| ZRT - 1063 52 & K w919 AL ST TG ANE ol B AR
100 = ( REE ) *100 o 52 Wpo = hre] wiwsISIch. & ANE A4, A
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Fig. 5. Stretch resistance test formula. 3 R2o PO uj(180%), 1355, 90%, 455, 052 RS
W AL skl AEE Table 43 2ol ZATAT,

412,44 99 84 2 32 23} Jrole] A g WIR= Fig 6% k.
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2 1355k, 90%, 455, 0=°] Ztes RS W P53t 9 S J2fste] Fig 83 ko] ds"sisict.

Table 4. Sensor positioning experiment

180°£ 135°£ 90°£ 45°£ 0°£
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Fig. 6. Resistance values changes in knee and hip.
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Fig. 7. Selection of sensor position and orientation; (a) Sensor position,
center vertical direction of the hip, (b) Central oblique direction of the
knee.

(a) (b) ] (©)

Fig. 8. (a) Ultra-low resistance stainless steel cable, (b)) MWCNT
sensor and wire connection, (¢) Heat-sealed coating.

Fig. 9. Textle-based conductive wire connection method considering
stretch.
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Fig. 12. Sewing method; (a) pattern considering the sensor and wire, (b) pattern blocks, (c) sensor adhesion, (d) wire finishing, (e) resistance
measurement after sensor attachment.
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Fig. 14. Smart leggings for online excercise coaching; (a) for women,
(b) for men.
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Table. 5. Wearability evaluation descriptive statistical analysis result N=6)
Percentage(%)
Division Quesion Very Slightly .
unsatisfied dissatisfied Usually Satistied Very good Average
Overall fit 16.7 16.7 66.7 43
Waist tight fit 16.7 333 50.0 4.1
Activity Leggings rolling 16.7 83.3 4.8
Instrument operation 66.7 333 43
Discomfort in dressing 50.0 50.0 45
L Leggings fit compa rison 66.7 333 43
Receptivity
Stress on the device 16.7 66.7 16.7 4.0
Is it safe for human body 16.7 833 4.8
Safety . .
Safety against external impact 16.7 16.7 66.7 45
Appropriate location 50.0 50.0 4.5
Ease of use Weight 333 66.7 4.6
Convenience of detachment 16.7 83.3 4.8
Behavior monitoring 50.0 50.0 4.5
Operational Respiratory sensor function 333 67.3 4.6
functionality Knee stretch motion function 50.0 50.0 4.5
Hip stretch motion function 50.0 50.0 45
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