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Abstract

In this study, a cycling smart wear for measuring cycling posture and motion
was developed using a three-dimensional motion analysis camera and an IMU
inertial sensor. Results were compared according to parts to derive the optimal
smart device attachment location, enabling correct posture measurement and
cycle motion analysis to design a pattern. Conclusions were as follows: 1) 'S—
T8' > 'S—T10" > 'S—L4' was the most significant area for each lumbar spine
using a 3D motion analysis system with representative posture change (90°,
60°, 30°) to derive incisions and size specifications; 2) the part with the
smallest relative angle change among significant section reference points
during pattern design was applied as a reference point for attaching a cycling
smart device to secure detachable safety of the device. Optimal locations for
attaching the cycling device were the "S—L4" hip bone (Sacrum) and lumbar
spine No. 4 (Lumbar 4"); 3) the most suitable sensor attachment location for
monitoring knee induction-abduction was the anatomical location of the rectus
femoris; 4) a cycling smart wear pattern was developed without incision in the
part where the sensor and electrode passed. The wearing was confirmed with
3D CLO. This study aims to provide basic research on exercise analysis smart
wear, to expand the smart cycling area that could only be realized with smart
devices and smart watches attached to current cycles, and to provide an
opportunity to commercialize it as cycling smart wear.
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AolER(eycling)> ks 74U 22 4 e &
2%l A% 24 B ofrle] rkow HEy
RIS 2 lo gtch(Park & Do, 2015). £3
& AEHA diad EEe T ARzE AT £

FA0) A5 22 7%, M 9 e A ung,
09, £0E Aol FHY JRRaRel dWET
T A= g@Hor  ZgSHH(Short, Vittone,
Bigelow, Proctor, Rizza, Coenen—Schimke, & Nair, 2003).
SRR g2 AfEC] Ael2Re 3Rl Slol AAl &5
58 st 9 Aol WA¥sk= A7t WISt 11 o=
SIS Eo17] Slsf AHY dHAs AR =

F4 Al o8t 1A4E AAE A6k (Brukner, Clarsen,
Cook, Cools, Crossley, Hutchinson, McCrory, Bahr &
Khan, 2021), 937¢) S7o] S48 72 glen
(Turpin & Watier, 2020; Han, 2013), 7HQ1€] A4 &%
ss¥lo] Wt el At dslE] ol Aol
A gute HEe A Fade) o5 Sue Gl
Q9lo]7] wEo(Kang & Lee, 2013) HE= Al 2% A
£ 2Htr A5 p3Eojof Wl R 2] ¢A =
B (Lee, 2020) 2752hs AT & Sl

Aol mER, AolZR|AEE FEI Q5o gt
ol AY wistAl ARt HaE gl om (Borgers,
Claes, Vanbeek, & Claes, 2020; Nachemson, 1976;
Wilke, Neef, Caimi, Hoogland, & Claes, 1999; Polga,
Beaubien, Kallemeier, P. M., Schellhas, Lew, Buttermann,
& Wood, 2004), o]#]gt HARS dHislr] & 2 Aol
29 10y 7]&o] AR BAeln gt oY 7]&e
AolgelAEe] BAF @ AR o} el BEAS ol
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Etll(Shon, 2020), 9zro] oF F&o=
T B oI 4 7] whEel tidRelAl 4o o
go] FastH of F&5 £AsFolo fth(Han, 2013).
wgk A S QAP 2A bl ek aREY A
o|2§ olget Aulel Thek 0L Solha glom, Alel3

2ESE AT Al FES AN Heh #Ae
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S a7k wob Afol2g AvtEgel AFE Avte
A3 martwatch)th AAAS] RS At dufolrz
NS, A mo] A HakE e} o, Aol
2 Sloje} IT tfolart ASIEA ke ez A4}
gk A ohl7] whge] All2 guleld et
A AAARES Aslel] ol8AS] Agsts
AL et

Weta o] AT BAE MAS Bool Aol2E Axel
5 A5 Rolo] we Aigke wsiel 4ol
sntE duols B 418 mEd LUl A4 S
Aol2 52 BAo] THsat Afol2e Antego] tizielal
WS A Aol o A7E Ee &5 B4
sntEglele] Jlz ATE AFSL, @A Al
Sz sntE oelols 9 AntEgE AR THs
AntE Ael2E gl Sijsle] olf  AlZ
sntEglelz A 4 Q= AZS oldstaa sk
2 79 oot gk
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I, 0|2 by

1. 20tE90fe] Aol I AR

2ntEgolE 19709 2 “Existential Computer’2t &€l
‘dolzdE AFE|(Wearable computer) 25E THH 7g
©2(Mann, 1997; Tao, 2001) 17154 Aol tAE Al
3 Fol 50l Qo] = 2] disf 9

A2, 2, e 4 Sle gAY 7

A, 247 AFE

5 A7 A=
9] o= PJD]EPE]-(You Choi, Park, & Jeong, 2013). 42t
At T OA" 7leo] ARl M2 7HAE oot
W A AR olEX gl 7k, ARE OF= fold
= A
&

=
wobllA =2 4% AAEe Holal gler(Lee, Choo,

A AA 2pEQo] AgollA F8 AHEY 7Y AT
HA  AiQ Smart Clothing (9, Athos(m|=), Carre
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TechnologiesGUth), Sensoria(n]=), Cityzen Sciences(Z# T3k [T7]197 shdolaadAel d9e B3t ANlE 9
2 gEYAY 97t M A=k B & Qletl, AHEYQY 7eET HEEE

A) 5o] 9lon(Table 1), 0|52
o 2o 9% B ArAl] AFo] UGS & & 9 QuEO] ZAR olojAn] WF AYUAY AntE ojgo

o}, AEstE AntE olfE= Wﬂi T5E og (@ YA B35 /P54 2yshckPark, 2019). 2249 [T719 12

ol A2 ) @ dHlolH] A% )
& Holnl A B4 FFE EHEW Helsl= 7% 201793 20199 & Ao AA AntE RS
Al g etcHPark, 2019). H

282 oF JE AlY) (Google)2 957 HaMT gHlo]ALEVIS)S &

W, Axz oF HY: Ue|7|(NIKE)=

Table 1. Smartwear Product Release Status

Type

Brand

Characteristic

Exercise
analysis

Athos

Athos Shirt

+ Monitoring muscle activity and fatigue
« Efficient exercise direction setting through data

management transmitted to smartphone app

Wearable X

Launched Nadi X, a yoga apparel product

Exercise
analysis+He
alth care

AiQ Smart
Clothing

Launch of smart tools for remote monitoring of connected
health and patients

Sensors built into the smartwear monitor heart, respiratory, activity and sleep data

Hexoskin

Launch of smart tools for remote monitoring of connected
health and patients

Monitoring heart, respiratory, activity and sleep data with
sensors built into the smartwear

+ Launch of next-generation smartware Hexoskin Smart

Kits for use with Hexoskin smart devices

Health care

Sensoria

+ In partnership with VIVOBAREFOOT, launches the

VIVOBAREFOOT Smart Shoe, an Internet of Things
(IoT) shoe. Sensoria Smart Sock

+ Correction and management of walking habits

A pressure-sensitive fiber sensor detects the sock
wearer's gait and walking habit.

+ Correct gait coaching in real time via smartphone app audio

Care
Technologies

Launch of smart tools for remote monitoring of connected
health and patients

+ Sensors built into the smartwear can monitor heart rate,

respiratory, activity and sleep data

+ Partnership with Kissei Comtec to distribute Hexoskin's

biometric apparel and connected health software alongside
Kissei's products

Owlet

Owlet Smart Sock

+ Real-time monitoring of infants and toddlers
+ Heart rate and blood oxygen concentration are measured when

socks are worn on baby's feet, and a notification
function operates when the normal range is exceeded.
Parents can check information through smartphone app in real time

Adapted from “Smart clothing market”, by Innopolis, 2020
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(Apple)?} Afste] AMEE 5 o8] A #2 =4
S &= Qe AntE AlEES A% fitH(Park, 2019).
uhebA ol2fet Adye Hoke o, & =Y 2EE
7ol dimlst] "gAd7]ag AtelEdlofel FFAA 71+
/\}O]%%MOH A AHAsER] ZRE AfolZ AA] B FA,
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2, AO|2 ADIEL 0] 24 M| X FolMY

Aol 2RA] o ZpAIt Q1A R4S BASoF &R dotk
7] Q& APAGES 1ASHYTE Marsden & Martin
(2010)2 AfolE Al 7Fd ol Yehte #4342 a5 lower
back pain)olgtll HISIRN, Alo|ERAE F 9% Y
go| 60%71A oty HIsigth. EQh Van Hoof,
Volkaerts, O'Sullivan, Verschueren, & Dankaerts(2012)=
852 AYL Sl AFEEC] oA AlEde wdcke
A Felstsiet, &% &t 8F Ae FFo| HHsiA
WYY Husigod, sk aF 23X 4= AHoE
Sacrum¥} Lumbar 3" Atolatal AHoJsisiet. W, 2HAES
BFA dAshs FARe REN BEY Aso] w2 1
Az dZd3kE, eMEdd, e s &
AT 22 Aol 2 4t Min, Seo, Kim,
& Choi, 2021). Gardner, Zhang, Liu, Klipple, Stewart,
Milner, & Asif(2015)+= Apo]Ed A Y= 75 =44
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B A7E o oq:,moqquzp— 3579 A2 (statio)dl A
ol2® AH00° , 60°, 30° )E Fstd aFel A¥ 23
ZYe (Figure DE 1—"—16}9\9\1, 60" Al 3024 F5
A4 H¥(natural position) T 75 W-opd I
(rotation position) &2 (Figure 2)= AAIote] EAsH{th

Figure 1. Lumbar Flexion Angles Define (9C°, 608, 30°)
(taken by authors)
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Figure 2. Anee rotation range of angular velocity
(External rotation, Standard, Internal rotation)
(taken by authors)

Figure 3. 3D Motion Capture System - Lumbar Flexion Angle Define
(taken by authors)

ESE AW AtelEES 9% 22KWahoo kickr snap, USA) 3. Al 2z}

o A7]18 AL AtelZ(Interpro MTB, USA) 1HHE Ax|st

o, ¥ WS S4c] Sl 33 FAEA A 2 Aol Aot A= F 2919 AEE Agstlnt
(Vicon, MX-T40, UK) 10tH(200Hz)2t IMU THAgAIA A WA AddoMe 85 =25 23S AAs] Sl 3344
(Vicon, T measure U, UK) 2tH(1125Hz2)E ARESI3IT. E3E, FAEA R vAE Bkl AYsily, £ g A
Nexus AZEo}(Nexus 1.8.5, VICON, UK)Z o]&3f 4 dolde A W oA f2 HeolHE 7Ntes IMU
Holleh. 85 A% 25 Aot 725 U-9d 2AYE & THAMRE a5 25 AZES AAske] A J8siqlch
Ast7] 918l 1170 Wb BA] vbE 8% (Thoracic 8", AFgAN A= AlelEE 27t AAH T, AF A Al

Thoracic 10", Thoracic 12", Lumbar 2%, Lumbar 4%,
Sacrum)®] siFeHH 2o FAsH om(Figure 3), IMU HEA7A] Ate] 95% g A e (MacAuley, 1995)
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Figure 4. /MU sensor - Lumbar Flexion Angle and Knee Rotation
(taken by authors)

Sacrum(@)

Figure 5. /MU Sensor Flexion Calculation
(taken by authors)

o2 AolA AAE Ador AstA, 60° Al Aol 4 JtSHY SESH

2 F59] g FES T2 AHE Fstalen, 30° A

L AolE REQ sht BES e AHE FHolyrh E3, 2 ATl AntE tEto] A7t A8H AfelS foiE A

60°  AACIA 6027 AlolE 258 AXsiglsdl Aut Skt Qo] AntE tupolAo] Rak IS S| sl

0z FES A WY SRl sy, FF 30% 32 F2 24 AhlERet IMU T3 AT E Salf KA

L ooz g-od HY E2bol|A AXshect. 24sts AAStR sioick ool s 907 ARAl A,
60° A AT, 300 A AEE oHIER  AdAstiilon,



U2Y - f8s} - 0|2 - 0171F - Z2I2t / AlOI2E ADIES0] A[2HS fIg Y W= iRl U T SN 97
60° ZHAlelA 75 A W9 AR, 9 75 WE A, 2) 75 U-914d 3 A5x WY
Ad) 55 oA AEE oHE=R HASHI W] gt 60°  ZAlel it R U-¢d W 745 Wl Aol
AHEE ot Zrh 2 AAX-axis)2 AoJstgen tiElZZ(Rectus femoris)
of B2 IMU AIAS] Azt Foighelld HAazte] Ajo]
D) &5 d% =25 4% (IMaxl — IMin)2 ArZslelcH(Figure 6).
7} ApolE Aol izt 85 AT I3 A Ho: the
I Ak 33 FA 24 sl ¥AE B4 A v, |Zar U oz
Sacrum - Lumbar 4% Sacrum - Lumbar 2% Sacrum -
Thoracic 12", Sacrum - Thoracic 10®, Sacrum - 1. 23 2% 2= 2
Thoracic 8%¢] At Zte 2 AFEstdoh. IMU BAAAE
ZF A 278 B A AERE Aosiglon G D) 32 BREA AA" 54 A
(Sacrum)ell F25 IMU BMAZEE 854 Lumbar hERRA] HEH90® , 607, 307 )& ol 32 FEEAA

gtyo] B2hE MU A9 Zol(@-D)2 AHEsHETH 2HS E3SE SaorumT QFAP]9] J|EHE 7He] Wl
(Figure 5). E4L2 AtolEd AntEYe] delAZA] Az EZe] T
Gyro X-axis (Rotation)
150 | Max | - | Min | = Rotation movement
100
F
Vil 2 0
3
v ]
Q 50
00 Natural position Rotation position

Figure 6. Knee Rotation Range of Angular Velocity
(taken by authors)

Table 2. Lumbar Flexion Angle (Deg)
Variables 90° 60° 30°
S-L4 5.6 6.9 17.5
3D S-L2 45 15.6 13.1
measurement S-T12 -94 7.3 13.8
relative angle 5-T10 -12.6 75 19.9
S-T8 -12.3 9.2 25.2

* S Sacrum /L : Lumbar / T : Thoracic
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2 295 d" 4A foFter miekste] el Ay, Ate]
228 T Zo] HE5p7] Qigolet. ofd 32kl FREA Al
28] 24 Ad 7 AlolEF A a5 AT 23 74k
o7t 71 AA Ushd Bele S-T18 > S-TI10 )
‘S-14 2 HRAAAN fote R 4b] flstolth(Table
2)(Figure 7).

Sacrum - Lumbar 4% (3D)

5 Q

m90" w60 =30

Sacrum - Thoracic 10" (3D)

Deg

i

®m90° w60 =30

Deg.

19‘1_5

8
i 15 i

EF folEE 3 weklel 1 Ae - g
Aolgd snte dufolag HAste] Aol
QHy el Ael3PeTA st gr 9
A7t glshAele,

|
A}

Sacrum - Thoracic 12t (3D)

Sacrum - Lumbar 2t (3D)

o0 v 60T =30°

Sacrum - Thoracic 8% (3D)

=

m90° v60' =30

Figure 7. Lumbar Flexion Angle (3D Motion Capture System)

17.5°

59.2°

Figure 8. Lumbar Flexion Angle 30° 3D Motion Capture System(17.5°) VS IMU Sensor (59.2°)
(taken by authors)
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Table 3. Lumbar Flexion Angle (IMU Sensor) (Deg)
Variables 90° 60° 30°
S-L4 1.27 4479 59.2

* S Sacrum / L @ Lumbar / T : Thoracic

Sacrum - Lumbar 4™ (IMU)

(=]

mo0" 60" =307

Figure 9. Lumbar flexion angle (IMU sensor)
(drawn by authors)

2) IMU AN &4 A3t
9] 32 A AL AAE Hgo R, Afo]
AHEESe] B4 5 (Thoracio)oll AAE 21617
7] tizell 85 A% =5Z HYEPsH] 7P AgRt Al
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o] BAANE BAele] 93 AT 2T 7% AolE =
st olel Tieh Avkgre 349 ZAgl Holst
A ol Fig ol et 2ol F H9I(QHmM-254%) 71
o ZTHsE Q7] A F7AE T RS s

£ 34 R4 b2 IMU 3AME & B (g
2w-Q 342 e ATE A3 SHste Ao Aol
S Y 5ol

olo] 334 FAEA 544 Aol Zk(between angle)E
AESH) SfElidE B 59 Atol S A 71EEE
AAste] olof M2 At ZEES H
g0l ARQR YAm-QFANE HAsISI). ool A
olZfo1 /N I A ApAle] A — Q F4H 0]
AA AL HEE E4stsien olo digt Adte ohEt
ZH(Table 3)(Figure 9).
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A F 784 SR NaturaDol A= 0% ~ 30
A28 Al BE9 U-&JA9] Aol AA L
2 5828 Deg/solx, -9 A SZH(Rotation)©]
2 30~60sec AteloflA= 180.68 Deg/s2 ZAIFb YElSITE
ol -l Ay FRelA ARl A HEd
A UeigE o 759 e 249 MAE /5
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Table 4. Anee Rotation Angular Velocity (Deg/s)
Variables Natural Rotation
Knee rotation angular velocity 58.28 180.68

Knee rotation angular velocity

200

150

Deg/s
g

50

_

W Natural .~Rotation

Figure 10. Anee Rotation Angular Velodty
(drawn by authors)

FRONT BACK

Figure 11. Position of Sensors and Electrodes
(taken by authors)

Fojofsle egolme oAl ¢4
Jolw sljo] Zhwot tejo] 8

3 gt ¢ S
NYE ZAT & e ARES AdsH W) el 0 W

Figure 12. Flat Pattern of the Cycling Smartwear
(taken by authors)

s 51 el ed WS Pl ot 22t



o
uey -

83t - ol - 07| - 22t / AOIEY ADLESIO AIZE 1% W W2 TR Y i Y 101

\B
F | F
B s,
F F
Figure 13. 2D Pattern of the Cycling Smartwear
(taken by authors)
Table 5. Size Spec Chart (cm)
Size Spec Chart Sample Size(L)
# POSITION Preq  lcheck 2°Req.  2“Check  Final
1 1/2 WAIST si2|=2 33 335 33 335 33

1/2 HIP &: (Measure by V shape based on FRONT PAD

2 CENTER POINT) 38 39.0 38 39 38
3 1/2 THIGH (Measure at 3CM upper from crotch ) 235 235 235 24 235
4-1 1/2 of Knee 14 17 16.5 16.5 16.5
4-2  1/2 of the calf 12 12.7 12.5 12.8 12.5
5 INSEAM 535 57 54.0 545 54
6  BACK BODY WIDTH 225 22 22 22 22
7 BACK BODY HEIGHT 32 315 28 28 28
® (irom BACK SHOULDER. 1o FRONT WAST ) B 25 6 656

FRONT RISE 2H( include FRONT YOKE and BINDING 265 24.0 27 78 27

/exclude STITCH)

10 BACK RISE (include BACK YOKE / exclude STITCH) 375 345 40 395 40
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Figure 14. Gycling Smart Wear CLO3D Photo (Front, Back, Side)
(taken by authors)

| Total Body

Millimeter

Millimeter

Shoulder

r {Curvilinear)

CF Neck to
CF Neck

CB Neck to

Extra Measurements

Total Rise

Head

Figure 15. Size Spec. of the Wearing Avatar
(taken by authors)
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