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Abstract

This study aimed to produce sensors for measuring thigh motor skills. A textile
stretch sensor was manufactured using a CNT(Carbon Nano Tube) 0.1 wt%
water SWCNT(Single-Walled Carbon Nano Tube) solution, and different designs
were applied to increase the sensitivity of the sensor, and different GF(Gauge
Factor) values were compared using UTM devices. The same design was
applied to fabrics and weaves to observe changes in performance according to
fibrous tissue, and the suitability of sensors was determined based on tensile
strength, elongation, and the elongation recovery rate. Sensitivity was found to
vary depending upon the design. Thus the manufactured sensor was attached
to a pair of fitness pants as a prototype, divided into lunge position and squat
position testing, and the stretch sensor was used to measure thigh movements.
[t was shown that stretch sensors used to measure thigh motor skills should
have light and flexible features and that elongation recovery rates and tensile
strength should be considered together. The manufactured stretch sensor may
be applicable to various sports fields that use lower limb muscles, wearable
healthcare products, and medical products for measuring athletic ability.
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1. M2 7] BeE Plo] AAHEA AAREE st A

A AHIAE Algcle TRt A2l dolelE AlE

2298 24 7|9 IDC(nternational Data Corporation)2] o] =1 gd, E3F] /PHI §A% EAL A1 o
3o ostd A AA Hol=E tHbolA AP AR = AR AR 2 o83 HolHE AR ARGA|
2018 oF 1.259olAf 20229 199t =02 St Al AT FeAE AT 5 U1 PRt Hofg 58]
I Figure 134go] A8+ 11%9] AHEE HY Zo= 9 7Fssto] 2Rt A7t o]Fo]A 1 {IthRoh, 2016). F3F
A3k @A flofelE tHte]At 2R A Mg T oRol| AEA] AANE FHole] AE 08T 5
EHORA AIA T8 7193 AF7HES] TlE ARE 9 U= AUE goflE 7]&o] ML=, Figure 29t 2ol
g 2ggt ARl X47HQ_’ it O]“QX}-J Aghfels} 2bE JAPEE RUER & 5 e
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ICT 7]%&°] §g=lo] LAt Agoz Aodct. 2F & S Hopll thet Zle Y] 48 EIF FUISHA 9l
& AAshe AAe] 7153t oo tigt thgol 7sdt 71 N2 AutE drzelo] sfzirhe] WstE 7t Holtt
sol geElo] o Aol gt e A=ste] xEE (Kwak, 2021).
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Figure 1. Worldwide Wearable Forecast by Product Category
(https://electronics360.globalspec.com)

Figure 2. Muscle ware Technology for Correcting Posture by Attaching Stretch Sensors to Clothing
(https://www.facebook.com)
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ot ol d A (Korea Medical Institute) oA AZFEXES I, O|2XHljA
"k 30-794] g oF 328t & B o= melgt A A
= AR, S EE7t AR T AR G 1. HIAEIY™E MM
Hol| A4 o] AfjHog o= ATIAS HUs
o} o] Aol A E27t 1 cm EolE wRitt B HAEAS AAS 7] feide HA A7 AEE Fo
Ade] F42 8.3%, o2 9.6%4 F7IRIHAL AAlska Sfof 2ttt A7|AEALE Folshr] s ARl AR =
k. oldie APARES A 24 P AW dPe Az T B4 BAN viEsA 2= dud 1 %
A7 APAE Us ok 92 S04 oA 282 M= vjFEA E42E da3doer T2 (Graphene) Tt
T BATHY 30-40%E AA|SE] e, sHA] 259 b4 U EH(Carbon Nanotube, CNT)7} AFRE] T gt
AF 371 28 L A 255 4ol Bed A (Cho et al., 2015). CNT= 2FH4 P4 &2 71414
o2 IFEHKim & Lee, 2018). floj8lE tjufo]A )8t A, % §94 59 BA4E 7R gl B9l =&
o] iAol AFE A8 AHE A&H e 54 ANHEAg ez Qo) HAeAy AARA =gt d5s
¥ 5 9ol A BEE GRAMAS ATE 4 S Aol T Sl] wRe) clie Bopld B4 ok gl
T, T T v ASE ddidor A wER i g Azxels Hud et Ax S ol AR gt
g Qo= Fd 4 9lo] =X g Ak Sold & glom 43t BEAS viEer gt vt
71698 7oz A7rEkPark, 2020) AP 3 eklee & Jung, 2008).

2 AntE goj2iEe] Aot AlAef tigt A= o Electronics and Telecommunications Research Institute
Gt BopllA oL AR, REFH HHS AT A (2018)°ll4%= Figure 33 Zo] =¥z CNTE ZAFs}o]
A Zleolgtal & 4 Qe HARGE AEHA A of o 9 WIS ST & e AEY 54 AAE A
3 AT of] #iehA] gk 71&S] A7 Uig ER W e o AE ANe e A7) deAda
CNTEAA ] s55 oh2A ARSSHAY, 93 AR 2 5 F98E 7 grodAE WS A 9L, wistet
3 349 ZolE t=A sto] At HEE ?lﬂ?i‘:} 4 EF otk AHE 7Y Qi A AR
(Yun, Kim & Kim 2021). WebA £ d4e o5F o] AAE g7l 5, &7F 229 ohe 5245 st
HE Aol Ago] et 55 S8 91 1859 £ BAAA Aoz Adgstint.
2EZ2] AME AFeted S4S T Aok Z47] oOE Figure 4= A& TEIJINAIS} Thato] tistolA 35 A
tARRlE AAe] #-gokal bxplel weh gefle AA Q] 3 ‘Piezoelectric fabric’ AlFeleh. AAS F24E Eﬂ‘ﬂﬂ
UAEE SAsH AAZ AME AR 2A0] IE Ao 2 A o glom F3, HEHY WRF ¥ AEEAo]
HILE sl 188 AEHXAA AZRrTEE AQtet 7Fsstt. AE A& (satin weave)2 HIEHI F9 33+
A st Heke e 4 A Z9l AS(plain weave)S FE

GO fabric

rGO fabric

rGO/SWCNTs fabric
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Figure 3. Graphene-based Textile Strain Pressure Complex Sensor
Applied to Cotton Gloves to Detect Body Signals according to Hand Movements
(https://Avww.etri.re kr)
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Figure 4. Piezoelectric Fabric
(satin weave, plain weave, and twill weave)
(https://mww.google.com)

W

DA RAIAR)
Ly
\,. o _‘\:;5: oy
TR
\1 R )

Sealed with non-
conductive textiles

Stitching together
\ )

Figure 5. Fabrication Process of T-TENG (textile - based triboelectric nanogenerator)
and Soft TENG Textile Curved by Tweezer
(https://www.researchgate.net)

A, EY Aa(will weave)2 HIEH HAAE T 4 Stk

Figure 5= 2019 Advanced Science #'dell A7 H)
2EHd 719F W] Uie A AR(T-TENG,  textile
based triboelectric nanoenerator)?]t}. ©] Hx|= EXEH
(positive) PFEAZIE WAAZl= UolEE” FE IE
(wrinkled film of nitrile) 3F& A4 =H2AEA
(conductive textile) ol F&Fstal, Hitf& A HA = Ak
42 A 1RE FY Hdste] HF AEH(stitching)
stom 2F Fgoz vEEdy "2t (nonconductive
textile) = A& (sealing)ste] whE7] e W FAE Al
Zhsteirt. 22l ool WAshs MFolvA] 2 RE FF
o] upEE 3ot X17] U2 HBA7] 1, HERE ofl
25 27 PP or ARgste] flojals dAAlo] tHtolA

o FA A} AF AAJQA AAME T2 AXIH o]
FZEE 2t tHlolAes A7) A g oA Ay
k= AE 2 v oflUAE Sh|lA" (energy harvesting)
Sto] theket MApgAle] Aee FEcHAY AT 282
A& ATt BUER sfof ste @AA0] AF
sHgorE ARG 4 Qlrt

2. AEYRJMIN

ool BgE AEdAA AE AA0 AU AASHH
A U 2% 95S FHOR sH AXx RUHY ofF
eAlol ] whe 88tk Y] RUHAS e A
A7} olse] 2 29] ul el HEEolof sti, S
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{Glove using stretch sensor) <Pants with stretch sensor) {Stretch sensor kit)

Figure 6. Stretch Sensor Examples
(https://stretchsense.com)

Figure 7. Skin-attached Stretch Sensor
(http://www.ecotiger.co.kr)

HelE 4 7] S8l AEA gle AmTt Al H4E E48& ol8gstH, Age] Hshe Zolo] Wsta Ql4lste] 1
ofoF gttt Figure 61} Zo] F&F HUEY of= {ATt o W2 £AE AL UEHlE HAS AMgRIt RBigkEE
2EdQl Alo]A7} 8 =T o] Fofof gt o5S F ZdolE EAsP] $lste] AMEEY HAASE HT G287
3 AA A A=E EAsted FL fAstH, A5A Al ARl 7hestH Az o] HlwA e sk, 4
AL Af 58 Hoof| Aot HAEtdY AEH A AlAQ ez zhdet Aoz Zolot Yol 5& AaAA
7o) Agh=lofol gt} (Cocharane & Cayla, 2013). 2 28T 4 9o soft flatform ©]7] whEe] thegt £
FZ IBS Y 2 dyge] v BrabEae gt ofollA] Z-go] 7H5HKwak, 2021).
i Ry AEHR] AXR g8l 7hseh o] ATl
Ao 44 A8 9P (Float assembly method)oll 1=t A 3. §Hz| 255 24
2L o= 22 MR, gRe FA|, 53t 454
e BF Ad 145 vk g1 H3E ARE 5 A AN AEE FUAEAS o] A 2AL S A=
=oict. ¥ Zolo] 108i7k4] Foluk 7134 Ho] |4 £ B 2012800 F 23] ol AZAS Hofsl=
g TAE dazk T4 30089 19 250nm $EOF ATF7E 35%l HA Al Hlsf 2018Wkol= 52.4%E
- gfol, mjAH o] 9l BHE TWatEo] 945} 17.4% Z7¥et 2 ER1I% 4= glok(Statistics Korea, 2019).
I A7 BRALE, B2 AEEE AW AA JEE ol W2 AFEe] 502 7S st 91, AEA
FHoHe 2EHRAIAN 2R Ego] 7Fsdtth(Jeong, 5 QAT AE ST Stk A & 4 itk EF
2021) (Figure 7). RHAARE st 1733 AHIAE Algshe ookt
2EHR] Al Aol £2 FAES ARSI ArAo] AR B gfd Zolels 9nlE 7 9]
Z7|AFE BRotal 9la Aol whet A3 0)o] WstEE & 5ltHNam, Kwon, Kim & Lee, 2020). &1} mg|zle
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2 ARkt 7o) AT WrelSelA e sk 9]
LAY 2% WY F shbt gole Edoldols, glol=
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Table 1. Request Result
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1. 342 2S5US st ASHAMM A2 Y
Ciztel 47

g HE] HuE Yl AR 99 UGLE 85%, A%
g2 1579t Ag2 AHAEME(E-band, HRIEAL
65%, AAHGAL 35%)0] 27F2] AAE ARgste] HIwSHar
A7 0] EARE WEKS K 1308:2016/KS K 0512:2017),
FAKS K ISO 5084:1996), 22 &<t aog g
ESte] Table 1o Yepdct AAE 72 800mm A=
300mm 71EC2 YARlE A Figure 8oll4 AE
g s dARIERA] ¢F2 AlRE dAstEr Be A9
722 FeloA] FAR 100mm HEAE Fo] 2 line® 2 o
ARRISHAN, Ce A4 F=e] HFe2 De A4
FEY HFolA FAR] 50mm 7+ Fof 2 lineo &
OAReIstE Y, Ex 10mm H9 AEImmPF2260719]
22 F= 10mm7A9] & Imm 9Fe=2 36719 &
FOo & HaRIskHt (Figure 8).

Test Item Test Result
Sample 1 \ Sample 2
Horizontal carrier compartment density(strand/5cm )
(KS K 1308:2016)
\ - \ 340.0
The number of strands (The number of strands/Overall width)
(KS K 1308:2016)
Elastic yarn - 23.0
Covering yarn - 40.0
Density (Knitted nose/5.0cm )
(KS K 0512:2017)
Wale 116.8 -
Course 176.4 -

Organization : Visual observation method

Lightweight weaving ‘

Double weaving

Thickness (mm ) : KS K 5084:1996

0.57 \ 1.68
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Figure 8. Sensor Design
(taken by author)
Figure 9. Sensor Fabrication Figure 10, Sensor UTM Test
(taken by author) (taken by author)
2. §H2| 2552 95t AEY R MM AR 100~120° CellA 287+ AXxsIG 71 2 gloj AGD7E
=4 67179 AN tARle el Figure 9). ol
CNT  0.1wt% water SWCNT(Single wall carbon Dacell dn—fga Universal testing machine[UTM]& 53 &
nanotube, SWCNT) B4t golo] 2BZF A5t 5, AS FHR ARES TN T =Y Al 2737 TSt

SWCNTQAZL A wde] & F2H 4= Q&= Vertical
type pedderolA1.0m/min®] E&%E9}t 0.3mpaddH
golq 33 Hiy/ygedirh. FFHE Bl SWONTE

BN ol Aol Ao HAxA BES HAHA
7le 7P Zidetn agAd o)y wiEelth (Yun,

Kim & Kim 2021). DLS-6600543F A%x7|S Alg35}o]

A FrE =¥ £E2 3% 3¢ I5SmmE EXT 229
AH=Z Eohe A7EA] 103] ¥HEste] HIAES st
Act(Figure 10). ZF A= 1,20 83 EAA A% }E(KS
K 1308:2016), AIAE(KS S 0642,8.16.1:2016), A% )=
E(KS 0642,8.16.2:2016 Method D)< Eﬂ_/lES]'_Tl AEd]
MM e E HEHor Prislth
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3. 5{HZ| 2558 242 Qs OIEL|A THX 22}

DEYA #MxE= (A)ZE71A77.5 B)3EEH64 (OPHolE
#81.5 O)HAEH49 E)LHE14 HLEH4 (GHA
U213 (HHIEEo]S (E8E5- 2 oAEH 78%/ 2%
gt 22%)0] Atel2E AHEtHFigure 11). EAFES
qEZE, o1& B, F B, W SFEe=E URolA
QJom(Figure 12), 1AL FHel= ggke st A7),

B, An o) Qo] AgeHe el WEel Jge

Position of Stretch
Sensor Attachment -

Figure 11. Schematic Painting
(https://andar.co.kr)

Figure 13. Attach Stretch Sensor
(taken by author)

n|x]e 5ol 3 Mo 4749 285 ST 5 Qo] 9
2] 2559 40l 7P A4E x|t Adsieint =
EUs #z2E5 285 AR dEAREE SRR W
Z HPZ Zol AR A ARESIA A BFE oHe 1
AstAal(Figure 13), Arduino program= %3 AIgkS Y

W5 A 71719 AEY 4 Qe BRE "ot HIAES

AP (Figure 14).
A5 (Lunge exercise)(Figure 157 AFE-2%5(Squat
exercise)(Figure 16)2 thEZ<Ql sk &3 st %504

Quadriceps
Rectus Femoris

Vastus Intermedius
Under the
Rectus Fermons

Vastus Medialis

Vastus Lateralis

| &'y

Figure 12, Quadratica
(https://m.blog.naver.com/)

Figure 14. Wearing Prototypes
(taken by author)
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Figure 15. Lunge Position Figure 16. Squat Position
(taken by author) (taken by author)
AR
Gauge factor = AL
o
Al : Original Length
ly : Absolute Change in Length
AR : Original (Initial) Resistance
R, : Absalute Change in Resistance
Figure 17. Gauge Factor
(taken by author)
WA A o] FRroI} Axz oA Fa% ST = 9] C7}1H TS U 5—7@5}”1 AFES 2% HH0
S Jotsb] 9t Fa¢ SEEAS TSk ook web 2 58] A4 F uE 582 9 18§ F adg
HAEL A7ESH A b £5oE APPor, A SUT PHo APSHAOM, & MNY 3setd] FUT 4
WA HIAE S22 QFsl AR S Qb PgE @ whEshe] Sk,
+5580] = 7 A EfolvE tfo® siGi &
FE 259 e FdE ofdolz Wil F ES oF v, |3 Za Y o
15° A vpgERog ol Higg AA AT § A
F& Aol FETHEY Ju¥do] 90° 7t 2 w7k u 1. AEYz| MM ME M5 ™oL Ao}
2t & dEtgo g NS dojidA Zeker 97 &%
o AP B g TN WelT e WS A UTMIIVIE AMgslel Wsie Aol A Ams 270
S R vige] A2 & F5& 7PEAl At Ho) QAo gt Adt #Walel Sojd Zojg
o BAFAS Aol F1 AZS Watet AAlel 9IXA epd 24 wslel dof Wl GF go A58 Wl

vEles Sae Hstel gAAE St
Holrhe} A2 9172 okt 4

(Figure 17)°] 21 A1& epiie. Jefze] 5o] A4t
27 Age] 24, Ao WA Aol EL4ECFAL



108 OjHE[ZLA %253 55

Table 2. Gauge Factor Value by Design for Sample 1.

The test was repeated 10 times until increasing of 15mm for 3 seconds were returnde.

A B D E F
Sample 1 2.66 324 9.73 9.05 3.22 11.55
Fabric

gt -A

- 1 B

s — C

- *"'“‘/":u =
e

Strain (%)

Figure 18. Fabric Graph(Sample 1)
(taken by author)

ol 7 Uehd 45 rfg=rt 9psitial Bl
Table 2014 EHH Azlo] HRlE A2 wf Ao
+ 2669 A gro] Z2 HFRGIA 2 lined] = 7
BgoR fagls 7mPd Beld= 3249 Axt o]
o gARIE HEFL uf UgEst AR g4 Jehts
ATE 2 4 gglen, AAL linee s EHFE O ¥
2 F9d CE9.73, DE9.059] Z¥go] uel fxeld
HlFe]e] mefoll wepAE RIFETE gl 2 SR
ot BFpoR faRIEQE ESF F= 72t 3.229F 11552
ol 7t o B2 E7F 6] FRO Y2 ghe Kol B
9 77t Ui gotke K] WIzterh "ojd A7Adel
A g2l Jhafshs Zo] UREE Y 4 S-S g9
Pk 22 Hale Alm2(Figure 19)0] A8 o Alm
= o S S 4 9l=tl Figure 207 Figure
218 vEH #Ho)4 AP Al BPAS] Avy = Ho
sfcto] SHA(Figure 21) AMARA ARgsH7]of 24
o, T3+ 279 AFo 7 ERASE Qo] AAEA] oo} Al

mlm ]o

A=E 7He] feojulgt GFglo]l =&= A eotth(Figure 19).
wEba] Alg20] TARlE A5k fsiAE lol#] A”el
ohd, Aol AlZE FhH HAede 7h] sfof &
8 £ I} Figure 1894 B Hiel ol Alm 194
o gzl AE 719 ‘ﬂ%}E—‘:—A<E<B<D<C<F
o] oz Yehfial glof, 1mm HAS] A9 3671 e Al
AE) ek A2 FEe BT AAC)7F 7P wget
ARYge & 4 Ui

A=l =29 AA Age gds flsid A8E, A
1} ﬂﬂ% o]z}ﬂEE zzil s}odou%’ 1 %l-‘% Table 3oﬂ
Uerdnt sx) 255 24e g ANt ol
& 29l GESolof sk el eig F4 ] 9
3 AE4S 7R Sl 2APE AlAel A-gEooF sh,
A7 AME ARFs] flsiMe iz sofut
SasARt %01‘%} ] EoPte 2
Agol AsstEs YT

ol FFE F= =TT B4 ] of a2 slojoReitt. B

i

i
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E-band

\R/R

A

Strain (%)

Figure 19. E-band Graph(Sample 2)
(taken by author)

Fracture
section
Figure 20. Before E-band Processing Figure 21. After E-band Processing
(taken by authors) (taken by authors)
£ 9ol dUARIEzR] g2 A=I1(Fabric9Aet Alm AZE Al AL BIE & FaskA|T, ot £5E v

2(E-band)®] A, 283 HARIEGE A& F CGFRlol =
A AlZ1(Fabric)9] 44$] 1(Samplel-F), 2(Samplel-C)&
ggsto] mEYA mizo| RAste] FFHAES WFstS]
ok AR 558 &4 HuE Hd] dAY AFER 2
559 HAEES AP, offiet 22 T= Flo] EH
Ach(Table 4). HARRIE 7M7) g2 Algl-A o A&
2-AS] 3¢S vlwstd, GF gho] =8t Ale2-A 7} o
Al oS Bl RHH GFgle] © 3ld A=
1-F &} A&1-C= EQPERt o RSl o= AlA

AV sjE g AR
A oulste

Sflof Sl AlAC] EAA AdERTH=
o] EHHEo] 4 =Eofof rhe
A1 A Sfof ot AlAY] B e BES F
Qopria weE St talE Zhalska] k2 AEe] AR
19] GFgke 2.72, N229] GFhe4.888 A|827} 9430
W, AL ESE A|R10]254, AB27H9TR 5Jick Al
FEL A71o] 1140, A&27}F 89.82 uEhton, ot
Jjme] vjEo] EHE A FEES Almle] 936, A=
27} 98.002 yeht FRHoR AT At o7 &F

o

o o n

c
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Table 3. Request Result

=4S Yol E-band2 A&st AEHR] AAE A

AR Al ulg] 7H|8|A E-bande] &

E-band?] whcg HASIHAA Hh o4
AARZ AR = & 202 AlmH

£l

Test Result

L b Sample 1 ‘ Sample 2
Tensile Strength (N) : KS K 1308:2016
| 254 | 697
Kidney Rate (%) : KS S 0642,8.16.1:2016
Length Direction ‘ 114.0 ‘ 89.8
Renal Recovery Rate (%) : KS 0642,8.16.2:2016 Method D (Recurrent Mental Field Method)
Length Direction ‘ 93.6 ‘ 98.0

Table 4. Motor Ability Measurement Graph

Squat Movement

Lunge Movement

Sample

cu Valu(a)

cu Valu(a)

Valuuto

s Valunt)
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Table 4. Continued
Squat Movement Lunge Movement
Sample 1 - C
|M"\ |
f A [} 1
n | Iw T I | \ | 1
0l ;‘_“l 'il “‘ o |V ) I "
\ ‘I r._.u :
Sample 1 - F
|
I )
‘."“". \ | "‘, ‘II‘“
g A M Y ¢ / Ml \ ‘ :" |
3 / A z / | AT f
.\I ) !I
v.Z2 % b AL B AF4 Qe UdE sUed
3} E-band® AMgalo] HAEIIY AE] AAE Al
2 AFAE s 55 S §Ig SWCNT 7]5t art.
of el AEdA NS Az UUE BHE 9 2. AT A2EAP AEAA AA] doln AYAE
@ Oadg e 48T B A8aisch dAde B AR8e) TR HAslE A st UTMI7)E 285te]
o FEAEGREEe UTM 7718 2Hgslel mlmstda o GREE Z4slo] dalel et mizies} gebds 2g
ARE, AFE, A% JEES HEeR MM HIPzE gRlstart. Alzlel gaRle A830E o AdA+= 2.66<]
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