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ARtE AEE olgste] Qe AAARE HoR 2TAA A 2w
A AAAAE BAL St Aol @A) Fssith 2EAA Age AuA
ST ge] 28, A, A4, A 59 ARze] mAle E4o] WA
3 9% Weom WAL WAl SR s nAd 5ot £
o ggo] pAsle] ekt 715 Aofolth, XA NS Kol 4$
7} EBo] 7] FAel et Aol Atk et WA ARE ANE A9
B7] wRe] oEHle] e HEe AAT WA Folt A Er =y

o
AESE o2 Aide] B2 JFF2 = & UctBernal et al, 2015;
Godwin, Macdonald, Kaur, Zhelin, & Baber, 2017). dg2] =7lo} a7
I fHEC] S7kekal, ofztet «hstE whESHH, 4t Axp iAo JdFS

2 upel gtk Aeld A%AQ) elrt Wag Fag AYnAd Aol
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THEFES 5 2013: Hi3ks, 2015).
A A2 _1;_7_‘474] A5 Z—]zﬂ AR ol oF 70% 7FE A A=
%4 z

HAY AWl 24 9%E AARPA TF
I

lr b o I Jﬁ

APk 20063 60.9%% & ] Z7 51y, o] ALTA QES 95
T=AAES FAC A= FAAAL HSte] 7]Q1gh HZL At o]
&R0 g 5o& T2 Y A F Z=FA Ago] Ast=

ZAetd W ZAA S BAGH]
o5l

=
Nl Zrdzrele] = AA At oifHe]E 2|dst 3 AUTE A
e Slet A e Aekn B 1Ee e 4 AR 2
A%t AR TS B AMRRE FXske AL vt IT 2 AR
ofol nlelgrel W TEAA A o A AUV B W A
ZHH o] TEloe A 7|4 AoR o dEtH(Valenza et al., 2014; Kantoch,

Augustyniak, Markiewicz, & Prusak, 2014; Baig, GholamHosseini,
Mogeem, Mirza, & Lindén, 2017).

ol et %574741 Ago] zea & 9

Aol 77], x5 AlFEstr] flste] OWAS, RULA, REBA,
NLE 5 Z2 QI7bgehd BEAWHE AHgote] A ey 248 AAld]of
bt (Park, 2010; Kee, Chung, & Kim, 2011; Soltani, Dehghani, Sadeghi,
Falahati, & Zokai, 2011; Barkhordari, Jafari Nodoushan, Vatani Shoaa,

Halvani, & Salmani Nodoushan, 2011; Wahyudi, Dania, & Silalahi, 2015).
AntE Aldbo] YAE o2l AMAME o] gsto] Az} ol7tEsta B ajdbd

1O 711 -

Z el ExeF =Ao7 AF zpA|o] orAA 2 Hz= At o= nleln|E
2 28% 5 Atk E@ AEE AAE olgele] BF, W4 U 94 T A
A BAG 5 glow, Ants J7)e Asstel W g 9 99 914 #4
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II. o]23] Hj7

2.1 20tEgRE AX2A 0]

2.1.1 A0tESE AAA ] A~H

RFID 7142 ot100] Fu5g olggozs A20n A2 Jue 7
TR )ee wate, A2A AANACA dold] diet Ado Hojsw
okt H7el MPAE TEsly] Sl8) ZEaoR ATt ede Fat
Sebe E4S QAR AT of A9 BIE A A4F & 9o

golo] WAL AgErhs FHe] Stk 19609t FHEE Sde] et =
VS HRs BF, Ho AAE So AgHY Aol 4£gst o

A7tAstR AbalA B USN #70f 2853l lth(Landt, 2005; Weinstein,
2005). 2719 BAMA HEYILE FAHY Bz ATHYT A7} o)
Edog Paop] AE Ao 9 A A9 AR 2A ek
olg=lo] SHIAT, WA, A%, 2009). BAAA HEYT] HgHo}
LA AEge] meichelsl e AUbiquitous) AED Aol 23
Ae] gl wrt spke okz Haan Yov, B4 U 52l Ad 1
ctoz AZFE BHAA YEYIE el dnTr, Ayl g
A, AE9 Asel ITMHS] A
(Akyildiz, Su, Sankarasubramaniam, & Cayirci, 2002; Tubaishat &
Madria, 2003).

19 i
ol
o,
o

N

ol
ne
o
Lo
gh
o
e
f
mE
R
ol
el
k=
o,
L

A Ao F2
of wet P weetal, A Z2 SEYFE AXIote d7F AL
Ao (Wu & Xue, 2008; Luinge & Veltink, 2004), H|t] 2
of &Z9]& EAS5I ADL(Activity of Daily Living)2 Z43HZhou,
Chen, Chung, He, Han, & Keller, 2008). o= Xk W 2LA4R2 14

H FAAA YESZE o8t 24¥E BIe =k A AL
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Am

A oFF2] o]k (degree of anomaly) FEH
do]th(Lee & Song, 2011).

olAle] 2o w2 ARE Ar] 3l Accelerometer, Compass,
Gyroscope, Altimeter GPSE €-85t] Parameterg +59t1l, HCI/UX ¢4

o B AF AA7|E JMOR sto] ot S 2 BF et dle]

>
1>

il

HE doljglE AulE o 1 2 5 JA stk o=t HFFA R
BAA B ol E AME &8 AFCEHN fEYA MEES Fof 414
A AAL A, 85F SAHCERE AME &8 45 &, AR 57
g, &8 A=) digt AWl AGHE RUEPStY w7t Thed
T s Fert(E2F, 2, 2018).

mutd daAol= Hio| @AM O] £293E FA F4l7le B flofE Ant
E o] 2, ICTe} om7]7]19] sgo] EasixHA o5 ddsta Sle
FAlelet. ERF AAEAZIF(WHO)l oot A=axte] Sof 9 omH] &
i 22 5e4de o7l s =etd daAofo] dight ¥Aol A =of
213 kAl sk tH(World Health Organization, 2008). oA H HuY A
Alolol thet A o] AFEHA ICTE] th7]9 Apple, 2342}, Google 5©]
Aol Adstlar, oeFet AAZIdER T8t FAE717E =oAL 8l
=8

2.1.2 AutEg9 AAA 0] EFE W3}

2141710 FolSe] WrANLBL 3.0 )
He Agshe Aol wEstA o, AW AR §A5 Hojsitt 2
g 2000dEREH WHOE i 7 uete] A%45Ee

20159 7EoR gHRQle] ARLEL 2
82.193 Hlwsh o) oF 9d =] Aol7h WATTHSAZ, 2018). B2
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o] 2.0AHE AuEA Ao 2 77]&ol “*%i%‘ﬁiﬁﬁ ZIdis=rgel S7FsHA

o, d2A0 3.0 Adieles S7iet 7y A% A3 &9
7ol FadAth. TR A%A Dy B} AL Fal PHL Ao
w0l ZashA7] A
E-2A VRPN sntegasolly  mEa
ADIEYA
qua | COREEE | Bgacezes | Uwscgs | esEd 3,
M= ogmes | waasn @ | A4S AzBa | oA Sdow
Oj 2= 4, Ap7tate
AL My ~8Y
F240/0 et ge g | B IR A § 2 ot

o 8%, 71 g
lotZ|9t2|PHR, &

=) e .
Nag | mmseaam | SITASCEN | enacigeHR) | 29c Yoo

plExls

(19 2-1] o= + IT §HEIE HoGh=674d FA+4, 2016)

drAol/olg Fokel ICT 7]&9 §2 F@A(u-health)o] ofo] ¢
g dA(digital-health) 7} MEA FAAstAa, olgAd]lAaet ICT 7]&9)

A,

FEe TR dRARE AT FHE Aoz, B4 FAL o
g3l Shate] AHE mUHY @4 9k $8A(u-health) 2 s}l
AA, oAt CRAHAS AL 5 Ur FHE skt A2
o omet Bx, obd o] H@RHT AR WAZ AnkEr]r]g
BF e Fo) Aol AaE M) LEwol} AN e, AX

= &F 75 S& Y 7tst AnEIA(s-health), HloldEHFHE

717159 BHpdr|7)Ee] @AAle] EFERA E8ET] AZFSHHEA RHERA

A (m-health)7} FAsta 93, YAEdA(digitalhealth)= <+ B4

Skl Q= iU}—E—aa]i DedAA S st Foo] fdoeR, AZSH

Hom HeteozA ZiQl gy A
A

el 9 oaAusY Aol Abssith WxAe] F AntE W



B 24 B Y A2 B 23.0%= AAANFECD wE2A Y
Aog oigEm, 20200l 3% 4,9949] el @& Aoz Holth

2.2 =Ui-9] ATAAL A%

el

o= ITAE AIRUN((F)otels)at nAdF7 At EON(Fila Korea),
HTole mraEs A0tE 7oL AntE g9 #Rlr]E] AFold IT
A AIRUN((F)otol)& Anjd o] wom ZAre ARs 74 dids
o] RAgslH, HEFA AA ARgom ALt RAGSit mAdE AE
EON(Fila Korea)> 4/34A9 Holg7t Rt AAolm FQ1A wiggE o]

&3t ol AL, HHEM WA ool ot AR 2§

et Aol Jtli?lﬁ_ %7154 AT B&ol folslE WEAAE
Agistel A5, By e, ZRean gl § Hrh o JHE AnEg
&o] 2gH AntE A¥he A Hol1 Qltt 2012~2016W7HA] =
2 HIPHA ] Ad¥FSTIES 4.1%2, FA Axd FIHHA] 9
o
=

Q1 1.2%E £/ A9lsid, 2016@ 7%, Hab A Axgol 7

AYAZA =
7P = =W Al ARG FIE7HA9] 28.7% S AFA| ek
[E 2-1] b= A’ A2 #7171 Fo (2h9] : winkel)
=35}l
A& Arold =
1=d 44 20124 20134 20144 20154 20164
2] =
ﬂfjlq 480,712,652 | 479,281,190 | 484,485,237 | 495,774,155 | 504,809,625
2 m‘ﬂ;
Zﬂ;@ 918,934 862,340 986,179 1,059,529 | 1,077,780
A
A2 13,601,938 | 13,096,714 | 14,156,940 | 15,923,247 | 15,659,090
w4 o
A
Zﬂfm 289,658 296,420 357,732 320,398 308,894
a2y

X 2w 0 BAA B - ARG 2AH2016), FARA 4 1091014 7E

AA ATAFe] 4FD = e F8 ade=2 de AFHA 7184,
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Aldd "], BEREZRR] A%, diAlTl 2 7HE8%, @824 Sl o

=~ s

EQh IT Zstz =zt 75, AL, A 9 &7 #e 7Isol v= 4
gol Fas goor A 22E A HAss S5 )k 5 oM
of/HiBF AZe] Tl SVt AR 7IE fX ey A=e] wmuirtAe
HF7] flote] b=a AR BHEES et o B FUbeke et
A A2 AR o571l Zlost ok AlA ARAE 5 92 A
Yore Fristd 22E A7IAAC e Avde] fser A= H A
Heg=o] Add Az, S+3g AF 9 ZEud HRE] wiE A,
A E

20009 tiHE = 2 7]set B sjAdste] digt Aot EolAAL Sl FA1
|t} Casual®] 2|&A4<Q1 A4 &4 Running, Soccer, Walking?} &
2o dste] tigt #27F Solual Sl FAlolth Aldte Fuiste 1A
SAE7E 97 gzl & lEely 80 F5,
Al A Hojut @73t F
Hth AA Aed ATAEFEE 769E, =]
Strategic Business Market, 2013) Il
oA A& High-Techd}7t w435] 3=
S AR7PRAetR AAEL U,

Ao a0 thoksl, ARl wEs AFOR AR o] majolZo
TATE oA HZoe 3~67d=

2
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AM fEF adloR AEHT Yk TR L Ao AT
= AAsta, dFAAAS] 352 4 2 OEME S A4h2] Fol oyt
;Ho] olo 117(-;]1148 ol /\]Z}-X]HHEﬂO

_11_



42 Q97tgAY

s

-EU FTA A=A

5

4%}t sol Zasit.

o

el
N

sfefol

e

ﬁo
P

o
T

0

7A
Jo

ol

__OO

iz

ks

Q24 el Tl

2010).

)
e

_zT

)

71N 2orrA 7IES S

2 el a7= Sl

s
=1
=

g 9

574 me&d Sdst

=i
=

51

6,3’

345

=
o

Hn

Al

@]of%= Energy harvesting

H i
T e

4
boi, 27

IT, BT
o

a7

S 9lef ol o

]

0

—_—

BRERE

gk

2 9

=
—

=0

o

—_—

S o

s
ol

o

ol
B

Aol A

7+ %

=
o

o

oA
A

Gl
o

zel

5
of F& wolAQd HolZl = W 1,150 7 welz] uj

AEATY

ok AlA

2 (Nike

1=l
=

Grind) 2 A4

“qr

—_—

S

el
Hin

ANA Wia oo @4 A% aA =

A ~| o2 A& a6t

A

2

Tk

<

0

T
o

o

_12_



el
2
Lo
)
&3]
<
0%,
2
(= )
>
i)\
=
ofy
tlo
AT
ol
rr
S
e

°
20159 7HAl= E471seh dHst Zobe] AAENE 9 FEAaA 7R

S

>

rL

N

=
) rr
ST - SR TE RN
o M Bowo

g
e
l
Y
g
N
wy J
=,
rir o
)
rO
or
W
o3l
ol
ol
N
i
i)
e r
B
e
ol
rit
RS
Bit)
)
>
e
)

2.3 AvtE A%

23.1 ke gwre] o] 9 Way

At AEEe Aute] WG J)%el 95 A% G4 T mE, B4 Seo
s ot Az J5T AR AT 5o wEon § e A
o}, AntE Ak A do] pEd kst ARE ARE 4 glon o=
Pt QA thokst A= P2 Bk ulgd Auklog Aol 7}
Solw AlRe AE EAE 5% A% 449 g1 9 BaE 75 Zg7)

AN
on, o] A HEg Y% MAY|ET JuAe 2D ol A4S dT
e

=, d85ae A A 7leol MEEHL AthHEa-$27]

re
N,
i
il
|
2

2ubE Qe ofe] FHHe] ARt FPse] ot AlA ZEE A%
T gl Z19elA] A AW oln] A A
Aol AEolT Qe FAlolth A F|imer ohet 1T 7]gel4
9O ]9 B B AUtE WS TSI glon], firE W
[e]

=~
TdE FEQ Eefolut o dict JE H5S Fot] AW I AMuAE

—



Sofal Qt. AutE A2 ICT 7l& g5 59t vHAFdd M= 4l
v A Z5h u-Medical, u-Silver, u—Wellness Z} Hofo]] H=AHHE
o2N AEE ANEE FED 4 v IFIPHE] dEeE HrbEL
HEa5A71Y9 7]&s 259, 2016).
E Ao AIAIAAE 2016 1x 1,300 oA 2020+ 5%

R FASHL glow, FAS AAAE AT AR

7,2509] €
0.8~1.0% Hl-&Z 7FA2 JATH IT ¥ 7|& 2 A7 ¥ A7
of AlA AmtE Aldh A Hia2 54 AT Haeo 2419 2%= A4t

] i o @ fRE ASH
¢ loT A& 2mtE AlE A gdiof diet Zdigo] 1xEi glen
2013~20208712] =Wl ToT A2 AE+F 7| °F 33%, 228 A2
26%% AFE Ao 2 ofAETH Analysys Mason, 2014).

&
F

o gy lo

kU A

12

[ 2-2] A0tE AHFo] A 2 SuWjAR i 53 (FH:o3)
Az 2016 2017 2018 2019 2020 H| 1
AAAA | 11,300 17,100 25,700 38,200 57,250 -
A
= A 224 342 514 764 1,145
2% 85

Zt= 1 Analysis Mason(2014), KISTI &%
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2.3.2 AUtE Aol A8

20~300] SURGEE AANE sniEZe] A48AFE AT %

Wz A7 AL A FREze w2 AR Be uE

ZASEAL QAL HA ARfEE ZEIAE FolA 40 o]/4de] HIFol

19 25.5%NA4 8¥oll= 32.8%= J7F =l AREE AMSAHE 34
oz @ u FHEES AL o00% Be| 7R T 4 9

4, 2014; Van Deursen, Bolle, Hegner, & Kommers, 2015).

35 3 qil;g.

30%
24 6%
25% I
20% | ERE
mooi2H 1
. 13.4% I =l
2 9.5 =301245 S
5% -
D’S& -
194 0|5t 20T} 30CH 50T O &
Source : BHEEM QA ]

g+ 4~ QtH(Chilian, Hirschmiiller, & Gorner, 201
Durairajah, 2015; Zsedrovits et al., 2015). AX] AEjollA ZAH Z7z§
= ¢ 284 A ZYUHY, olF Al EF RUHY, Z=4A A
A A AA Al AAREe g JfiQle]l Al RUEHHS ThsctAl €
ouf AntEs|AlE ol8ete] BTl Tof WA grw QA oA &
A ZEAA A o 9 B9 RUHIS & 5 A=F AnEZ|Y] 2
fo] 7}5StHEom, Choi, & Park, 2013). @A wu|118]e A7 oA

Aepape] obEg Hste] weY Ao UM WAL Agsky Qo A1E

meh %O ruE
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o] H&HA A WA Butyld IFE ARSIt SEATE ButylAl
FE= ntrio] 4otz Sots ©He] Jtt(McGorry, DiDomenico, &
Chang, 2010).

AAE AY Al FAYE ASKH R 1]
Al SH(COG, Center of Gravity)®] wlAler H3LE AT o,
+ AF A9 Predictor2 &-go| 7ot BHREARAIE RFASH]
=44 9 HEH Ty JtolbEERlS AAFoEH HAAAS]
A Agt our 92 #e]7b 755cHThomas et al., 20105 Abdul Razak,
Zayegh, Begg, & Wahab, 2012).
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ey AntE AEF JfEke H]2SE ookl AJFAHE FuHte AnfE
Aol SAIE Qleh. Al Qo] A=Y 4 REo] FatEe]l HA Z
2o 24o] s AE A% AF dol, 44 5 A

2stH BMI(Body Mass Index) A7 SAEIL HF ASHF 2
dre] 4ansg o Holgzt AEEH it F0 =we
£ distrl fsi shEEF *sde AXESTIIE N EASE7Y

7l 2T, 2016).
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27 N T W E I

AUEEN A Vle
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ArAe] A9l [oT 714 I ‘“‘]j e o
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Aor WrAle] Aol AGEE AA|, 8k, f27]%¥e we chp
s Az

20t HE9 $27|0% 7Ig2EY

Pl ADLE pigo| 7| FPgEEE  ISS/OEYHE IO ADE A
25 gho|g g MSTRRRET o 7lE Y T
SERO | msmmeswie 0 swvpwm VSR
7|E g
q - N E B R
LS EHUEY
E e PEUSY IS it
7 CUTTES _
71| A HEHE SHEY T IUCHREAD
| 7w ADIECIHIO|A BIE 7|@ EFSARETE 7T
Hel ER T EEE
Il HiE{2] 2 F8 0| 7| & _ s
7I&8/NE AD}E §ioj2HE 217] & HE E-uE
L= LUSLMRTEN o/ umueisiant +tie

24 LZAA A%
241 =734 A% Holet EA

A o] wEARS Esbt w2A ARsEA 2026delE 1
27 HFol 208%0] B¥ Acw AYHL uPse] LErh Fas
Hig) wlg wea, A% wolw] B Aol L8 A7z owA 4EA 3

1=
=)
Fokel el uEhdal lekelad, 2013; #e3], B9, 2017).

g, A W ERYd 2FA Sol Fvlekn eHE AW A%
59 =EAF AUYe] olTAWA LF AF | BAF AZol F7t
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Sha 9T WATFA AYAEON} 1% LFAPNN 2HE %
A drest g ZRzdel JRHoR Gerg Rop] Bmsiw
SoP], FaR AQPl BT el ks Al olg A<iR
So] A3 qhel AYuel skwsk Hu ekl 2013 247,

24, 2013).

4EAA Age ALY Edae 9y 25, A, A%, dd 59 4
Rz oldg £Aol WAY T A% weom WAL wEAQ
Fgoz old) g 2Rt zHel f4o] AR Ut 7%
gofjolty, AFAQ AT}E Hole A7t EEo] 27 T4l Wi B
of At Jei g ATE AL A9 Bl wRe] olauld dig
Fae A @717 Fdolvt Ad ke ZAHE Fom A4
wo ogks = 4 Qth(Bernal et al., 2015; Godwin, Macdonald, Kaur,

A &AL eyt "WQsE FQ93 Zgyeld  Ago|th(Ebse
2013; gk, 2015).
AAR TEZAA A2 HAA dFA A9l oF 710% 7VFS AAsh=

=
A AR Aol 24.9%2 AAWA 2

ZATAY Aol 20008 A
ZAAAZL 2006 60.9%% 2As] ZrteldEy], ol AlTA QES
A5

S ZEAARE SAC ZRAZIE FAAAL ®stel 7|t wpt
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H | ,“ —;[3.': 1'}1\ ITVI 'E_:'_:g bﬁl' ‘ﬂiﬂ
e AL, . N e k=1 = R (R e = 5
2|29 |G A | 84| |78 2 A |pa] 2 | 8%
5 |55 || 2= 48 |
2012 | 7472 1500 897 275 3 9 30| 2775972 579| 1438 3,792 163
2013 | 7,627 | 1,414 816( 259 2 i 29| 304|6213| 684 1622] 3,696 | 211
Z 7 155 50 Sl -16 -1 3 -10 27| 241 105 184 96 48

¢ HFARHXER 22EX|SH

toflM MR AXIZ0] ZEE Ao|n, AxiEA lMHLTL BChE o2t

OIS 0| HEE BAIE MESP| fisto] OURE HPA FYS okl Zo| THlei, ot MHieipy

ay o2 P&
o T : Nelzid 3 fefelniel Mol FaE WHE, U, 32 % F345S, WISHES,
sHssEd 55 5)
SelxIx, 0jAIeL, MRuloiA S

o Eohs et
o MIHRIN T : 9PN 20
AyUEE, AR, O 5)

o Eelpiety Z Jlet : D2, ASa|A, 24EEh HAEE SOz ol

b

ol HolE S piFely 900 BHNOT XSsiol WS (-

Az ot=e] AFHEY AmE ol8ste] dF Al e o=
oEs AtelE Zdstel 24 A AA AsleRo 2~38 9 e
Aor FA% A74E 9len ol Fo AdRolMe Z=AAES A
= ot getol Wi EA® AdAoim ZIAA A" oY " YT
A2 AR B 2R RFoA] wie "ath Agelth(e]gd, I3,
drg 3], 2010; o84, 2010).

_22_



(AFHEHA} duE)

ol

r
B
oz

7000~ - 2012
6000 — Q@ 2013
5000
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897
1000 7" 816 579684
| B Il
0 8  lamm 32 | 94 |3 2, | |
i L 329 QugH  SENY o AFE" 28
s24ds a2 suss de Ag

(Driessen et al., 2010; Balagué, Mannion, Pellis¢, & Cedraschi, 2012).
oA, &, & F T Al &5 TAst FALFTIT, Ee= HHEEAHC]
&2l Qﬂﬁ &0l FA"EHA st FAQYAY HRHCTD,
Cumulative Trauma Disorders)e|2}al Y71 SFoYy, 8% 9 51X
£ =Zodstel AdEEd Z=AA HS(WRMSD,  Work-Related
Muscuoloskeletal  Disorders)o]gtal  8oj7F  AHgEth(da Costa, &
Vieira, 2010; Long, Bogossian, & Johnston, 2013; Esmaeilzadeh,
Ozcan, & Capan, 2014).

i

+=AA A2 O Sl 7P FI1A Sl AZstal TA
49 FAZMA chepebA et 2EAA A Adng 2 A%ia
AHGA] g BHSH] TREe] err IZAA A%t 9
A% Ae AF F= Aol we F85t}t(Laisné, Lecomte, &



Corbiere, 2012). <&4A4 Agke 4F ol99 7HAl @A™, 491, Al
9 Bl P BACKIEE, ol 252 el Bolakn e
Agho] gt dFwsd oFE wosty AhE fdadlel o
s gqslel AUt 952 A Sheshl Agsh
dste] ZEAAATO] WAslA PEE FET ofF W pesh
95t Cheng, Cheng, & Ju, 2013).
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SSBR %7 @ S4o] w2 Aumes S4o meo] Baste SBRE

e  weEl 385 (emulsion) SBRIF  89HFSH(solution) SBR=Z
roldith 35 SBRS FxA o=z A oty RECA otk
02 dgd7x7t A9t He v 8959t SBRe AEE P FE
fol s zA-o] st AH 7HRTH(e] 4=, 2012;  Oprisoni,

©
Alshuth, & Schuster, 2008). 3] Hed<d Hd ZAdFze= JAYAH &
Aol w2 JFZ ulAch Heinrich and Vilgis(2008)2] d+tof]  oJstH
styrene @0l FUFEO =M JIAAE, JAE9UE S &2 7AEA 24
o] F7tHARE YutRAde FAgtal stglow, FetdqQl HYE AT

FFol Z7hge] wet ohEASE Fokarka s,

BN

e
BR /
| ! HC==CH !
23.5, 40, 45 i 1 < st 5
i ! : Haf=——
Cis-1, 4 (%) 12 C e=d
Wanstd@l 7 contoled <t
_ g
Vinyl (%) 16 | __ A

@ ! | Hl'|J=CH2;
| | o <vinyl>

[71¥ 3-1] ESBR¥} SSBRE| H|w
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2 dFoMe 71E SR Higoel SSBR AAE AE&To=zA Ue
HAT UrtiAo] et QEASER ofE 4AAE AESH] flsl A&
29 EAE mjelolil base rubberd] FS XE, Jtw 9 HIHA 9
FEFI= Brroh] ft A-E sk

Hzb o] ogt ZsAde He shrl9fsl HE AYd &
7B, obxET mo] Aol ZFAId wE AujAE7E
TolAE HHAEE 2.5kgf/cmE VISR SEYloY ol A
ol 2.5kgf/cmol/Fe] B LI eks A davt <l
o @A ARgste mEAE AXHYAE ARG olF JHEAHA]
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S AAZAS] AMEEEOl LA ARESEAE = 72081 Zepo|H(AAE
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3.1LL7 FEAlA, BN e A
= dFlAE AT REFEO HASE fd 2E HYTEE
skt Hel PCB F7 3mmE FERO ZAsES FHislsty] 93 W
HoAAStE e AR FAE F

"ol tzele] Wo] Wastsrk

(18] 3-12] 2AG=AHA Ad o] Azte] AlHF of94

Ozl Qbdst Wiof A=l FHY GHAANL Hzelo] Hast
AA 71 RE 280mm AAsIFe™ 260mm, 230mm °PX4§}°1]

ﬁ = = —
SE dEAM EEs o] B3sk. ddREe] fAle F5FlA
SETE WG stglen HY A FACR A% oy WS FHast @
T S 72 AR, gAQl A2 dEAA gAklel dHitt HE
8= 28t g fAE AAsAe A HE g AlA
= FAs AT
D EAA, B e AAE fs) HW AAE 35k
7h Aol AdEe 22 dAle 4 stedt 571, 1A Sl

gt oA SEoR HE WAT 4+ Yk PR/ Wastart
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Power Part
- - - -
lMlin Micnm{

.

- ®
fasmsnessssmeeeeeneen®

R 3L

(23] 3-13] Main Control Board

th) Main Micom 7H'& A
@ Single chip, highly flexible, 2.4 GHz multi—protocol SoC
@ 32-bit ARM Cortex—M4F Processor
® 1.7v to 3.6v operation
@ 512kB flash + 64kB RAM
® PPI = maximum flexibility for power—efficient applications
and code simplification
® Automated power management system with each peripheral
@ 3 x Master/Slave SPI
2 x Two-wire interface (I’ C), UART (RTS/CTS)

_36_



©® 12-bit ADC
Real Time Counter (RTC)
@ On-—chip balun

2 B4 AlA N AR

ke

(& 3-5]

oA Al

A R AR

oA Al

A Range Sensitivity (1;;22') Olfgitpi'ng

Acceleration | MPU9250 + 16g 0.73mg/digit | (R | ~40~85° C

Gyroscope | MPU9250 | +2000Deg./S | 16.4mdps/digit %?I%HI‘S ~40~85° C

Compass | MPU9250 |  +8Gauss smilli-gauss | Ghpis | -30~85° C
D Ao|ZAIE : 3%

— Digital-output :
— Range :

— Gyroscope operating current: 3.2mA

triple—axis angular rate sensors

+250, +500, +1000, and =+2000° /sec and
integrated 16-bit ADCs

— Digitally—programmable low—pass filter

— Sleep mode current: 8pA

— Factory calibrated sensitivity scale factor

@ 7M&EEA 3%

— Digital-output :

— Range

— Accelerometer normal operating current: 450uA
8.4uA at

- Low power accelerometer mode current:

triple—axis accelerometer

+2g, +4g, +£8g and *16g and integrated

16—bit ADCs

0.98Hz, 19.8puA
— Sleep mode current: 8pA
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— User—programmable interrupts
- Wake-on—motion : interrupt for low power
@ AA7NA - 3=
— Triple—axis silicon monolithic Hall-effect magnetic sensor
- Wide dynamic measurement range and high resolution
— Output data resolution of 16 bit
— Full scale measurement range is +4800uT
— Magnetometer normal operating current: 280puA at 8Hz

repetition rate

@ U8 4= Atte 9 dasls

Groupl)
Magnetic
distortion 27&

X|X}2| 24 (Gaus)

Magnetometer Sy,

Accelerometer Sa, — J'::’*{.;':'(-’f st =11 Ei'l')fq‘b(;:‘:[)- u.!—l‘h‘d' H&"s'h)
et
Ut 25 © E
Group2) 1
Gyroscope -
."-_Zﬂﬁxl- E%‘ {_ Group =

. 1.,
Gyroscope “wy -'E;',:q, i1 w m yar:
EPeS 2e

(deg/sec) (deg)

[ 3-14] 48 AL dazls BAE

Group 1 : @719 A7) t, k&% ZE vl2 A A7te] zte A
22 olgs AA7] AT BAFL AMste] AL

o} © Zamo] AA47 =g mASA.

Group 2 @ Hi= A AZHe] AL A&F3 Group 1 oA A7



oh grel AlA] A Ao}
® 71% ADC 10bit2 = 3
@ 12bit SHF=E 7H] A€ micomes 2§
® ADC Specification
- Eight Low—Noise PGAs and Eight High—Resolution ADCs
- Low Power: 0.75 mW/channel
— Input—-Referred Noise: 4 # VPP (150 Hz BW, G = 6)
— Input Bias Current: 200 pA
— Data Rate: 250 SPS to 32 kSPS
CMRR: -115 dB
— Programmable Gain: 1, 2, 3, 4, 6, 8, or 12
— Unipolar or Bipolar Supplies:AVDD = 2.7 V to 5.25 V

@ Amp. Design
- 71% Aol 10MoIA 100KZF2o2 f=e] utet #s}]
ol 71& Aewt £ s g go] AHgE
¢ z=sze Ager) Polr ok B AolME
& 7t slzz AAISHH.

ol

2 ol

[19 3-15] Amp. Design
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Hh) BAFA s AA
O ISM Band®] 2.4GHz t¥ A&
@ Zigbee, Bluetooth, WiFi, RF 52| &4l t&0] AMEEI §)

L 99

—

® RF2} Bluetooth &A1 o9 A&

Ah 2.4 GHz transceiver
® 96 dBm sensitivity in Bluetooth low energy mode
@ Supported data rates: 1 Mbps, 2 Mbps Bluetooth low
energy mode
® 20 to +4 dBm TX power, configurable in 4 dB steps
@ On-—chip balun (single-ended RF)
® 5.3 mA peak current in TX (0 dBm)
® 5.4 mA peak current in RX
@ RSSI (1 dB resolution)

ob PA, LNA Amp A4

O 74 4 AEel RF &892 d¥r¥o=® 0dBm, & 77t
10m el

@ 2 AFe A, AUl AdEe 2ol Wi ot &
7oA AHgE7] wizoll 4l E=o] AsfoF Hrt
® £ AlEe RF 382 10dBm A& =5t
@ =] Hut Q1Foll f835 o] 10dBmelHie]7] el A7 7k
oltt.

® 24 GHz ZigBee high—power single—chip, single-die RF
front—end 1C

® Single—ended 50 @ input and output ports

@ Integrated PA with up to +22 dBm output power

Integrated LNA with 2.5 dB noise figure
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© Transmit/receive switch circuitry
@ High transmit signal linearity meeting standards for OQPSK

modulation
@ Full on—chip matching and decoupling circuitry

(19 3-16] 7HE 7\1]3—4 RF &9

Z}) 2.450 GHz Harmonic Low Pass Filter
Hu} ¢1go] w2 RF &2 F&: 100KHz ©]

® 24 B4 AT
tolet.

@ £ AE A RF 28 FH=g 237] 98] 2§ 10 A8
stk

2 RF Output Test
O & A= o RF &2
@ =4 Hdut Q5o Fagt &9
=92 10dBmo2 AAstt.

15dBm7}#] SFH 51T
go] 10dBme]e]7] miol X
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(18 3-17] AA RES RF &8 AIF A

® Open field RF Test : 50m oy %<&

@ AL AR 7FsE A AER BRER AASHIT

® & AFY AR AR FA 10A7F o) F o g2 AA AT

© 4, A 2zo] Ado] a7H ]I

@ A2 7 dgy AR, B SAIFS] &2 Y
Fag st7] 9 Y HLFE A5t A5kt

Input Voltage Range: 2.7 V to 6.5 V

© Ultralow 1Q: 1 ¢A

Reverse Current Protection

@ Quiescent current of only 1 uA makes SHDN: 150 nA

® Supports 200-mA Peak Output

® Low Dropout: 245 mV at 50 mA

Available in Fixed—Output Voltages: 1.2 V to 5 V

ol
o

7hH FW A4

O He Qg 54 7mE gl A
@ 2 AEe 74 T4 A5 0 i, 28 IMU)

r O =
24 A9 A9 19 B A9 55 ueZe] Bastyrk



® Z 09 AA7F HolglE By, 19, 29 . n®l, ohA] 09
s
[e)

1H, nfl o2 dgolHE MFshe dalzso] MdEo] 3

El) Euler Angle &x12]& 7id

O RHANE EE, Aolz, Pkt AN olgste] §HZS

@ 71E ATNAE YawFol the SeZE AxT 23 Ho

Lo
e

A2 08 Zol7] gt WHSe] ANE gtout, ¢

Angle 71258 Autslo] 28s}qrt,
@ AL AR S YawZo] gt A& Aws Wasix got
APAFNA AAET Qe EalmEd] ot e H4d

® 49
@ BE AL Z7te] Al tiet AejuEold Hlolels} AgE]

* g2 Agatd
® 27] sbar7b] L 7R 5 0.5bar THOR FAS F7HA)
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Pressure Pressure

—— Right Foot Pressure

Left Foot Right Foot
Siride Timelms) : | 464 Stride Time : 1,34

Step Timelms) © 0,936 Step Time : 0,528

Stance Time HE | Stance Time : 0.952

Swing Time(r 0.364 Swing Time : [_388

Single Limb Support Time{ms) 1 058 Single Limb Support Time @ (), 588
Double Limb. Support Timelms) ¢ 0,388 Double Limb. Support Time @ (088
Gail Phase{ms) @ - Gall Phaselms) @ -

Spead(mfsec) i - Speed(m/sec) | -
Cadence{step/minute) : —F20_ Cadencelstep/minute) : 45 918

Max. ForcelKa/cm™2) ¢ 8,809 Max. Force{ka/cm™2) © 7. 6658

Average Max. Force(Ka/cm™2) 19 277 Average Max, Forca{Kafcm™2) : 10,294
Hael Max, ForcelKg/em™2) © 6 180 Heel Max, Force(Ka/cm™2) © 5847
Middle Fool Max. Force(Ka/cm™2) © 2 BER Middle Foot Max. Force(Ka/cm*2): 3 5]
Meta. Med. Max. Force(Kg/om®2) @ 3 537 Meta, Med. Max. ForcelKa/cm™2) © 7658
Meta. Mid. Max. Force(Kgfem™2) 1 4,42 Mata, Mid. Max. Force(Ko/em™2) | 5 037
Meta, Lal. Max, Foree{Ka/em™2) : 8 800 Mota, Lat. Max. Forca(Ka/em™2) © 7,581
Big Toe Max. Force(Ka/em™2) : 1.9 Big Toe Max. Force(Kg/em®2): | 897

Stride Length{m/siride) ; - Stride Length{m/stride) © —
Step Lengthim/step) © - Step Langthim/step) : -

Plantarilex AnglalDeg) @ 27,1 Plantarllex Angle(Deg) | 38,9
Dorsiflexion Angle(Dea) ©  ={0.7
Valgus Angle(Deg) @ 43,4 Valgus Angle(Deg) @ 29,
Varus Angle{Deg) ! —§.7 Varus AnglelDeg) ©  -30.8

[ 3-21] Gait and Lifting Analysis Module

_46_




=]
s

s

5]

st71 4

<]

5}

st

=

12 A71Erel7] mEel &

2 AHY BEdA

Azrb A 30mmeld
Agae] B4 FH A

]

%
il

=
K<)

il

ol
A5

W71
Stod

&5 O

Q.

A =

¢
IC

&/

o

wireless power transfer
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At

[e])]

%7 swe ofefet 2t

7b  Highly integrated and

controller

[Z1% 3-22] A% FAsHdelz 14 E&(TX Part)

& HY AAZE A-8=



2)

L}) Support dual modes for input power
® Boost mode support DC adaptor input
® AC-DC mode support AC-DC system like SMPS
th Boost controller
® 12C adjustable output voltage for wireless power control
@ I12C adjustable current limit
2}) CV/CC controller for AC-DC mode
® I2C adjustable CV control for wireless power control
@ 12C adjustable current limit for CC control
n}h) Integrated crystal oscillator
@® 6.78MHz clock output with 13.56MHz crystal
Hb) Differential high speed and current gate driver for class—E
amplifier
Ah 10-bit ADC for current/voltage sense
o}) Dimmable LED driver for status indication
Zh Synchronous buck converter
@® 5V, 200mA
@ bypass function for low input voltage
2h) Low dropout regulator

@ 3.3V, 50mA - for Bluetooth or MCU

27} 9z g2 o Eh
7h 121 szl o] & He,

W F4 ADE 527 A s A 8
th Fd 58F o7l A AUY A7 WY
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o] ZgHo] girt.

Pre Amp. Part

L]

FPower Part

Main Micom
IMU Part

—

(29 3-25] 92

ol

7} High Efficiency Wireless Power Receiver
h) All Integrated Single Chip Solution

@ 6.78MHz AC rectifier

@ Synchronous buck converter

® Low dropout regulator for external device powers

@ 10 bit ADC.
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t}) Rectifier Operation
® Over 90% efficiency when normal load condition
@ Wide operating range of VRECT
2} Synchronous Buck Converter
@ Max 1A, 5V Buck output
nh) Low dropout regulator
@® 50mA, 3.3V LDO for WiFi and Bluetooth
Hb) Voltage & Current sensing
@ Rectifier and Buck output voltage
@ Rectifier and Buck output current sensing
AP NTC for temperature monitoring available
op) 12C interface
2} Over voltage / current protection
@® Over voltage protection for Rectifier : 17.5V
@ Over voltage protection for Buck : 5.4V
® Over current limit for LDO : 200mA
2h) Thermal shutdown
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3.1.1.9 fz}el AA 2 =He

An OAde AAEo

=
-1 -
2 AMEHZ ARt 22HE Adole AESHA] fod, dett meozs

25 gste] AWskA] GODE o]F MU tAS Hgstsr.

stafFild ... s oEE o

AR

o8 Hgo| shEoith. Ay HEHA

& oA & Fud REAYS T A4S BT & e A
& A OH:I %]

FHoE Agshed dRlHoRE slage] AR ueh Lo B
=+ J
=

A5 Akds A go] Sloh I 9 ARt 3L EAR AL
ol uex = AV doew, FA dwrHdd e sky A4t
1500~2000%0l1t EFHo] A{H= AFS Af, =HIF 4~500F°o=

o n=EQE JHY EEMAF Eol HA8HT TIE dAst 2EdEe o



staFlld . / OUT-SOLE-LINE

[Z17 3-27] o2& "ARRl-1

e, A 52 I AgstE & tzele] WA met

4 tAle
maRde Wrstel Aesigd. 240 Lol BAL Ae $7E A
uro] 2

Are] FEA ool e gYe Tejstel 2 A WEE AHsto]
B2 AglY 2 S Aolsl F 5 9t slolg tzeles gy o

=

Aele skl 28519

starFild .. s 0 a o

& tzele g
Baol wet 2RE ¥ 4+ UAES ob] S5 AwA
2 Agelr. ofxsel ¥

Fe&gHel & Al
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starild .. / DUT-SOLE-LINE

[Z17 3-29] of2E& HARQl-2

SAFETY, SHOES

- A

TOP VIEW MEDIAL VIEW BOTTOM VIEW LATERAL VIEW SECTION A-A'

[13 3-30] & 2D AA=
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E 3-6] of2E Fo84a HAAUY

1% 2= 3t
(B 5S5mm 3mm 2mm
Z7 4.5~7.5mm 4.5~7.5mm 4.5~6.5mm

3.1.2 g+AES F+=AA

20 52 Ade® Smm¥ EUEE ste Zo] ofd diFAa JHde
2 HEAE ARTeEN BT AAQAE Eoldl dF9 EFESE
A7)e Aoz gi(290) F(260) 423002 REAES 2HsAt. BE
Aol o EE A 232 dEEHE REA7t SAsHA gt
ZL ofHou HEo Zolo wet HE H4UYY mEQES 497Ms
offleo] AAEn=z BES ZolE Wrgs] mEQES & AE XS
o PEQIES @7 i e EEAUSY TWAFAZ 4dmmE SH
sfopetth= 7IEe A8SHArh 280mm ARR|ZE 7[EC=E 4~5mm FH
SHA skl I olstRdiE A4E do|dste] ARAE HsSHA SH
o},




3.1.2.2 Afo] 2 MAMEE 4A

712 AA Fx2E AMHEEE HHstde] AdEE FxoiH, 712 A
AAO] 2= 280mmel™, 260mm, 230mmE Afo|2E=E JHEetTh AllA
HE AA= Hdst AAEHS 7122 siilen, AAEE o] of=iAl

A QA= A Ato]l =¥ H[&-S 2835t

10

X axig

1\

E5% Langth

Length i

[ 3-33] AlA §17] 4§ Hl&
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H=E =
= T

Fo) o5 =
& Amenta,

2 AFollME 71 =wolM AlEsta e
gotal, ol wig Hes -85t r(Tomassoni,

2014).

Traini,

(1% 3-34] 2 o]
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(a) (b)

[Z17 3-35] 280mm AMEESl AA 92 A, () 27144,
(b) ZF 24

2 dFeMe 71 A BEE 280mm= AASAer, 260mm,
230mm A HEE 247 AAskirt.

—— N,

[28 3-36] 280mm, 260mm, 230mm AAHE9] 7
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2.3 ZEAA g T 7FsAe SAAE oY 24

P e A o]5(COP, Center of Pressure)= ©]83dto] =
i A EADeE AHdSe] Hdds ZASkAY.

A Hdg 5 7}—0—1}(5—’31})—q <! G

°oF 5%E 54'1]3}”1,

A vett=

AR

0.

801 5L 010 1) 1] o 0

-74]l éj:@l frat 7}&;}(3@1})

(19 3-37] W& 9@ COP H|W

ZEAA A3 52 752 E AN Gait Line A A= Gait Line
(77 3-38) TEAA QB FT ASA@ID} FHRE)

Gait Line
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Masko]t},
Chang,
Zaraska, &

1
| L

Piekarski,

el

iy

[e)

Toe off A

J(Totalo2

A

1
—

5
1—
Klimiec,

_]
TH(Amemiya et al., 2014;
Pauk, Thnatouski, & Najafi, 2014;

ZZE(M2)o)A]
2014;
g ojZ]
2014;
— 60 —

AZHM3),
A A 8T AsAHEFD 1

oAl

& Wang,

F(M2),

=
Lee,

o=

Castro et al.,

==

sff I7HEH(Toe)o] HollA]

5

g
(Maximum force) -] A

=
Chang,
1]

Jasiewicz, 2014).

(e}

2o
™, o|=z<l
AT (de

A~

=8 (M),
-

Liu,



Chen, Lee, & Lee, 2014). X2 (Peak pressure)ofld g Z et
o] A% Hdidd fASHA BHASEYG =544 A9 73 AR
FZhe] Fditgo] @A yehbe AdS Holu, 2EWS AHAe 57
MDE ALt 2E FHolA —376 dSHe =4 Uekt(Huerta,
2014; Patel et al., 2014).

A Total (B#) - Length 0% ~ 100%
/| I Wide 0% ~ 100%

(5 e 13 (HZ 8} — Length 60% ~ 100%
' Wide 0% ~ 100%

e M2 (EEH) - Length 30% ~ 80%
WIdE 0% ~ lﬂﬂ".!"{!

g - ZFsAHEEAD) FAYE wi'el AF2 COPY o]
SAZ27 =Hor 2% WAISHItH(Masani, Vette, Abe, & Nakazawa,
2014). Gait LineS WE|Zajo]Ad wZ7ix] wWals] L}z oron] o=
o7 W& PHE HAAt $FFY HFHACl A yehud, AFFO

Fdidde]l 9A Yehd= a AST FdASe] COPeF ARG FHS]
HyE Algsh 71 St & Fx2EE AAstolor & Zom ToEw H
3y Al FEom MFA HPS fFhs F7] HAd & F2EOl

=

F1e)
B 7|27 so] ololzol & Ao

_61_



3.1.3 AHAA, BEAA e B AJE BE 2}

2 dFolME Wl REel A7lE HAsiete Ao dAMsE

=
A8 chrs PCB AAE SustArh. HHs REES 4yt AB

el A8 shlem. o 1™ 2F AlEel AdA Aol

RTC

IMU Part

Main Micom

RF Part

W
Pedometer  Pre Amp. Part SdsHe

[Z17 3-40] H3td HQl 25

14 sl HAste dAAAY JEgd He VR ARt
7% Age SIKE Agste] A 2 Aol 2V ARSI of A
Mg 32325} glolw ADCTH Hsdl 1Eslzel F B2 A
sfo] Qlme] HHsE o2 4 ATk ADCE] I WS 2.5V 44w
o= sl HHY ADC SWE sustgon, Wz ADC AU AA
guas) A9 32w Axskstar,

gt

S

o ofk

N

(17 3-41] 4HFAA 243} 3|2
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3.14 ZA@Ee A2" Adz N

3.1.4.

gm/o2x AU selo] AW PO IMU ANE Agste] A4
ol Wasick olg te] AAet A

Eo] A%Hy] G5 1Y) the] W FA EZREE LueF] Aol

[19 3-42] BLE & 4= 3 of 1)
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29297

:

(19 3-43] BLE AHAAI} BE AZ E29] 2E

NAE(ATIE B)o} ZelolH(Ad, MUY B4 AWEE ST}
Zt.

Master Start Message : |WrWn55AMS Master mode startWri¥n ]

Total 27 byte
NAEE 4HE BESs QHCIS DEO MPY ONY B2 gHgE
27uj0|E ELE HAE|

p‘u‘rﬁ nOKWrin,

| W7t ATE AR sbto)s
Total & byte |

Slave Start Message : Wr#nSSAMS Slave mode startWri¢n |

| Total 26 byte |

®HOES JUE EFTS PHOE SRy TR ONE JF §25s
26H0|E SEHE AN

Fr’ﬁnﬂi(’ﬂrﬂn

J F7t SEHE MAIF GupolE
Total 6 byte i

(1% 3-44] AUtE E3} A8 MU 541 AW
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[ 3-45]2 mpaES) geEo]E Atolo] ol Z2EF diZ|E

gxolct,

<CR-LF H|3 &>

1.
2.

3.

Main Process®| Zt ARI2 BLE Module®|A| £ E|= HAX|E 7|E2E 2 E
Zt AROICt BLE ModuleOf|M Z3&|= HAIX|E HASH| l6l 2 &8 & 8
C}.

BLE Module0f|M =2 El §|0|E{0f| CR(Carriage Return) 1} LE(Line Feed)7} Q! =
Xl M35t =

BLE Module0ll A S|~ HAX|i= CRI} LFO ojs) 72

BLE Module0j| M Z3E HA|X| & CRIILFZ} 22} 2744 Q1 AL, StLte| HA|X]
7t =8 & 7122 QIX|3l1 BLE Modulet|A =& El M A|X| £ uart0_parsing_buf
o XZetct

uart0_parsing_bufd]] MZE|] = HA|X|E UART1E E=SHCL (AR} 2
3 E)

CHE M3 & ¢l CRat LF H|3 FeHa =7|5t

2 48 5 37] OlFo| ABO2 BHe| Yl B3 w2 57

AR RIE 53 B>

1

o o.
Main Process2| A}2X} X|&H SZh2 BLE Module?| OtAE/&g|0|2 HE
£ @B
Main_Step_02 BLE Moduled0f|Xq| Z2k|= HA|X| {2 & =(CR_LF H|=2
) E & sk
Main_Step_12 BLE Moduled®| M &lE ONS}1 Main ProcessOi| A Al25}
S E31E 2713 82, 2Y M 28 5 sk
A% X3 gal 8 DAF0 AUS XFSED Main_StepS 022 2
ot0{ BT ModuleOf| E3E|= HA|X| H2 & TIFSICE
Main_Step_2+= BLE Module0fjA| E3E|= AELE HA|X] |2 E TIisHC}
BLE Moduled0| MasterE A|&tEl AL RollS DAEE MEStn O A
B N~ NS
BLE ModuledO| SlaveE A|ZEl A2 RollE 80|28 HEsin L2 A
¥s HaschaY HEES B)

[C19 3-45] pAE §l gEo]B Aol rEE IAAF(AH)
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AR XY B Ea>

1. Main_Step_32 BLE ModuledOjM S E|= AELE HA|X| H|3E TISiSIC].

2. BLE Moduled0jjM “OK"7} E2HEl AL, Main_Step_42 H7$IC}

3. Main_Step_4= BLE Moduled0f B& Q&

4. BLE Moduled0]] 20|22 A|EHE] AL “at+btscan”"HE Q&8s |2 A
U nYshaY MY B4 2

5. BLE Moduledo| DIAE{Z AISHE 22, “atd TPE YD Chg 282 T
s,

6. Main_Step_5= BLE Moduled¥{|A =& &|= ST HAX| M3 S TS
CL(EEO Y=ol chet ST HAX A =3)

7. BLE Moduled0jA] “OK"7} E2HEl AL, C}2 A= X3l siC}

(28 N &g+ B

AR RIH B3 24>
1. Main_Step_6{ BLE ModuledOjjM E&5|= HZ HA|X| H{3E TIssiC].
2. BLE Moduled®|A] “"CONNECT"7} =5l ZA L, connect_modeE
CONNECT_OKZ H7Z43}1 Main_Step_72 HZSIC].
Main_Step_7& Sub Process& &3 A|FIC}
BLE Moduled?| HZ0| 2= E|H, Main Process= C}2 AEE XIS
P51 Sub processE ZIZiSICE
5. Main Process®| AEH XI8i = ERROR7| &/ Mst A2, ERROR7| ZMEl A
HE 8ot AFZXHPC) MM HEZ BLE ModuledE H| {2 A= E -
BYPASS B =2 H{ZEIC},

[C17 3-45] mtAE 9l So]E Atole] ZrEF dAF(HE)

3.1.4.2 Hlolf A% Z2EZE 7|

B AFoAEe BLE B4 ZREZS ARSIGow, folgel Zo|rt
S ARESH7] 9%t WHior dolHE SARgte
% =

st oz
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[3 3-8] Pedar-X &9 =4 AW|H4
PEDAR-X system
7] A AA 4 =74 Fate AFGA 71FAZE
(mm) (g) (EA) (sensors/second) (MB) (min)
50X41000X 360 256/1024 20,000 32 25
PEDAR-X insoles
A&37] 57 AA 4 Sp=LuEs &5A4
(european) (mm) (EA) (kPa) (kPa)
22 to 49, 3 ~ 15-600 or
widths 1.9 85~99 301200 2.5 or 5

[C1™ 3-54] Pedar-X &A= AH]

% 3-9] AAASA ARt A9 An
T A& (n) A% (cm) A5 (kg Aol Z(mm)
Subject 1 178 65.0 280
Subject 2 173 68.0 280
Subject 3 180 80.0 280
Subject 4 180 80.0 280
Subject 5 180 75.0 280
Subject 6 171 75.0 280
Subject 7 179 70.0 280
Subject 8 179 71.0 280
Subject 9 184 83.0 280
Subject 10 182 79.0 280
Average 178.6+3.69 74.6+5.64 280
— 72 —




;
£7] BANY B2, RePE ZR AY 9 24 dd Okg 571
2 A Al e W@l met A4 29l BuF REs Aoz
gl o] ASE wad 57] Aoz A% AFo] Wbt FAsh
sfsti gl Zlol obd AFO] el SIS} Qe AoE Wuwc
&, AERel A9 W3] Fd we 9% BEsl dehin 9ee @

et al., 2014; Koller et al., 2014). 30kg =7I
Hop o 3FRZ02 AFo] Aude AS o 4 UeH, 15%kg 71 &
it mpR7iR R SEEeL JRIVIER] FHO dlo] AY e A o
4 AtH(Fernandez—Seguin et al., 2014; Park et al., 2014).

29 Ao Rat mEgus @e Aol Holn 9ot u@d
Sofl dizt A mige] okt Hsbt S & 4 o, Aed A9k
= H

o531 Itk(Dufour, Casey, Golightly, & Hannan, 2014).

§
|

[71™ 3-55] Pedar-X H#9¥ o g =4 stA
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H
w
|
S
o
i

Z£219r2 2] Max Force (N)

Big

Fore

Fore

Fore

&4 T Toe : Med. | Mid. @ Lat. Mdde Rear MAX AVG
1 170 91 4 0 26 474 474 130
2 1447167 21 5177837493 493 114
3 3277723898 95 02 446 446 116
4 165 7180 50 34785 472 472 108

kg 2 179771450 2 50744 404 6
6 2387218 o4 108 248 507 507 96
7 2677087 121 92 UL 443 443 102
8 3057163 111 157188369 369 81
9 19277398 132 116210 352 398 94
1077720577151 96 927 40T 5200 520108

MAX 327 3981327 157248 500

AVG 5065 AT Ty 59Ty
1 143 125 8 0 12332 332 0 97
2 14377125 '8 0 127773307 330 g7
3 27277184 85 8883397 397 100
4 A7 0 0 35777436 436125
5 13577204 31 TS N o T B BT

I5kg g 17377181 129 117207 476 47687
7 186202 81 69203 311 311 o7
8 241771520 83 125 132 408 40890
9 171 267 99 126 @ 155 @ 363 @ 363 | 79
1077771307178 105 1141387 7369 36967

MAX 272267 1297 126 207 476

AVG 4577087390 e T4
1 58 55 0 0 12289 289 1 73
2 72 B RS R S 1 B B 1 R TC R B Y/ B X /A B
3 225 15177 9T s T 341 341 ey
4 227771 0 21777344 344 06

Og 2 317797 6 87326 32688
6 7677189 99 TATTT00 T 377 377 s
7 106 150 88 68 170 287 287 8
8 12177119 7737 786 100 333 333 65
9 1217 7224 88 95 1827 303 303 68
10 61 12588 86 126 349 349 70

MAX 225 224777997 95 009 37T

AVG FC A TR TR R VA T T )
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ot o] Max Force (N)

2 wgx D Fore Yore FOre nigge Rear MAX  AVG

1 368 252 94 91 145 © 486 = 486 @ 129

2 206 @ 185 77 112 = 157 = 461 = 461 89

3 353 303 75 55 91 484 -~ 484 : 153

4 253 © 354 135 109 167 = 625 @ 625 | 144

30kg 5 241 236 49 45 153 649 = 649 | 147

6 153 258 ¢+ 107 138 © 191 = 689 | 689 = 145

7 174 + 268 86 60 189 | 488 « 488 : 111

8 262 ¢ 251 84 88 164 + 433 © 433 : 102

9 180 394 + 135 ¢ 121 © 199 : 497 497 + 127

10 304 321 153 98 142 458 458 | 115
MAX 368 394 153 138 199 | 689
AVG 59 49 26 24 22 76

1 310 216 99 80 139 392 392 + 100

2 310 216 99 80 139 © 392 392 100

3 253 ¢ 235 85 75 79 405 ¢ 405 : 109

4 399 253 126 157 154 © 541 541 ¢ 132

15kg 5 167 = 257 @ 107 @ 107 = 147 @ 583 @ 583 | 128

6 138 + 235 = 107 86 169 = 568 @ 568 @ 123

7 208 250 79 56 161 = 375 = 375 90

8 241 258 91 87 145 385 = 385 94

9 117 + 304 88 87 190 417 = 417 ¢ 107

10 281 238 125 84 127 492 ¢ 492 | 113
MAX 399 304 126 157 190 | 583
AVG 68 18 12 17 19 73

1 258 | 234 84 87 117 ¢+ 373 = 373 96

2 157 191 94 117 125 + 412 © 412 79

3 230 ¢ 153 77 76 63 367 ¢ 367 92

4 133 215 © 108 99 135 421 421 88

Oke 5 159 = 289 93 89 118 = 478 = 478 : 120

6 135 + 234 113 90 137 © 543 543 + 120

7 109 = 257 91 59 137 302 = 302 80

8 309 213 78 60 117 = 358 = 358 | 104

9 74 232 65 65 181 @ 363 = 363 95

10 168 192 = 103 67 105 @ 382 | 382 78
MAX 309 ¢ 289 ¢ 113 ¢ 117 = 181 | 543
AVG 55 28 12 16 19 51
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[E 3-12] 9%

=

=

=

4= 9] Peak Pressure (kPa)

sa wgg Big Fore Fore lore jige Rear MAX AVG
17330 13 T 0 s 305 330 119
305 68 ARG T 00 315 31597
3750 TT7s T 113 10565 305 35095
F08T T4 e e e 035 035 ha
kg 0. 203 100 15T S8 0% 298 83
6" 307 42 8T 1121007 32 302 04
77375 A0 127 8T 5T 060 410 126
87357 67 100 1227 1207 175 357 e
92730 130 112 102 237 330
167779807 137 s 9T T2 8068
MAK 375741030122 120 855
AVG CTST R R T R T T B TS
T 7 0 T T N T B 1 -
272 30O TTTTAS T 20 278 90
37308748 105 98T RS T 003 303 68
IS8T TR0 263 263
Iskg | S 175 143 48 3340263 263 | 77
6 2457 155 110 110785 340 3409
73T 95 T e T 17 295 R
I T 7 V1) 7 0 M A T
oI 20 95 1T 107 237 237 s
10778747 02 T 60 1873
MAK 3037729571107 140 132 340
AVG 7 R TS R/t T U B ¥
5 7 S ) R 0 S 7V T B (S
TS s 30T TR T AT 030 230 66
375525 00T 93T TAS T 008 255 6T
I T B T B S N R S - 3 S B
kg | S 7893 30 20 30233 233 | 9%
697 55 o0 TR0 RS 035 235 As
778 005 8T 6T 57 205 3
I B VA B A B e A e T S S M S U M T
9750190 87 00 00 202 202 A4
1077117 00T 8 R0 57 1573
MAK 25572137 00 93 100 935
AVG I R T BT R B M

_77_




[E 3-13] 22& =292 9] Peak Pressure (kPa)

=2 oIzt 'IEé)ge IF/IOerE. Ilz/([)irde. lic;f Mdde | Rear | MAX | AVG
1 378 200 90 168 93 210 = 378 73
2 245 275 80 120 113 250 = 275 76
3 458 253 70 53 48 225 = 458 128
4 258 270 118 103 80 290 = 290 86
30Kg 5 258 190 48 115 68 315 315 89
6 162+ 252 82 172 125 315 315 66
7 310 ¢ 202 67 67 82 230 310 88
8 305 160 72 75 72 205 305 75
9 237 287 130 127 160 ¢+ 317 @ 317 71
10 440 ©+ 252 175 90 67 210 ¢ 440 95
MAX 458 © 287 175 172 160 @ 317
AVG 73 37 29 31 26 42
1 350 183 83 158 85 175 350 64
2 350 183 83 158 85 175 350 64
3 398 198 85 70 55 195 398 97
4 340 220 118 125 80 268 340 84
15Kg 5 245 170 83 85 70 285 285 77
6 145 235 85 82 92 245 245 62
7 322 ¢ 200 75 52 72 190 + 322 86
8 335 167 70 75 75 192 + 335 79
9 187 + 220 82 92 122 230 = 230 57
10 377 ¢+ 200 142 72 77 240 + 377 88
MAX 398 235 142 158 122+ 285
AVG 68 18 16 30 12 34
1 300 @ 200 68 138 78 193 300 68
2 143 193 78 118 88 228 | 228 47
3 370 135 83 70 43 193 370 88
4 153 163 98 88 93 210 = 210 41
0Kg 5 258 203 73 70 55 233 258 83
6 115 = 225 90 82 85 242 242 62
7 200 217 95 60 52 130 + 217 57
8 355 132 67 60 55 167 = 355 81
9 120 170 67 90 90 192 192 40
10 275 140 97 67 52 220 ¢ 275 70
MAX 370 225 98 138 93 242
AVG 83 30 11 19 18 26
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[F 3-14] 9 =x4¢=9] Max Force(N)9] #H7] A=l ¢]gt Normalization

=2+ aext 'I]%% If/[%rg Ilj/([)irde lic;ie Mdde | Rear : MAX . AVG

1.0 = 26.7 143 ' 0.7 0.0 40 744 744 @ 20.4
20 215 250 3.1 76 124 740 740 : 17.0
3.0 417 304 126 121 156 569 569 | 148
40 @ 21.1 230 64 43 109 @ 60.2 @ 60.2 : 138
50 244 197 © 0.0 0.3 7.1 - 577 0 577 ¢ 157
6.0 324 297 128 : 147 . 3377  69.0  69.0 : 13.0
70 389 418 @ 17.6 + 134 + 249 ' 646 | 64.6 | 149
80 438 234  16.0 : 226 : 27.0 : 53.0 : 53.0 : 11.6
90 | 236 489 @ 162 : 143 « 258 : 433 { 489 | 11.6
10.0 + 265 195 124 @ 119 @ 181 | 67.2  67.2 @ 139

30Kg

MAX 438 489 | 17.6 . 226 3377 | 744

AVG 7.3 8.1 5.8 5.6 8.0 7.8

1.0 224 197 @ 1.2 0.0 1.8 = 521 521 ¢ 15.2
20 214 188 1.2 0.0 1.7 = 498 @ 49.8 | 145
3.0 347 234 109  11.2  10.6 506 50.6 | 12.7
4.0 52 225 26 0.0 45 556 556 i 16.0
50 183 277 41 1.0 6.1  50.7  50.7 : 14.2
6.0 @ 235 246 176 159 282 @ 648 648 @ 11.9
70 271 294 118 @ 10.1 @ 29.6 : 453 453 @ 98
80 346 218 119 180 @ 19.0 . 586 = 58.6 = 12.9
90  21.0 328 122 155 191 : 446 446 : 9.7
10.0 - 16.8  23.0 136 : 147 = 17.8 : 477 4777 : 8.

15Kg

MAX 3477 + 328  17.6  18.0 | 29.6 | 64.8

AVG 6.0 3.4 5.1 6.7 8.9 4.6

1.0 9.1 8.6 0.0 0.0 1.8 454 @ 454 © 115
2.0 3.1 6.1 1.7 2.4 29 502 0 50.2 ¢ 13.0
3.0 287 193 ¢ 9.8 101 @ 58 @ 435 @ 435 : 11.1
4.0 28 218 39 0.0 26 438 438 135
5.0 42 132 16 0.9 1.1 444 444 : 120
6.0 103 257 135 101 @ 284 @ 51.3 513  11.9
70 155 219 128 @ 99 @ 248 418 418 i 84
80 174 17.1 105 ' 124 @ 144 479 479 i 93
90 149 275 108 ' 11.7 + 224 373 373 i 83
100 ¢+ 79 161 114 ¢ 11.1 + 163 : 451 : 451 ¢ 9.0

OKg

MAX 287 + 275 ¢ 135 124 284 | 51.3

AVG 6.2 5.5 4.6 4.8 9.2 2.9
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H 3-15] 2E& == 9] Max Force(N)9] 27| A|&o] 2]$F Normalization

2 g o8 fore Fore Fore ngige Rear MAX AVG

1.0 578 396 148 143 228 763 763 @ 20.3
20 309 277 115 @ 16.8 @ 235  69.1 @ 69.1 : 134
30 450 386 95 70  11.6  61.7  61.7 : 19.5
40 323 451 172 139 213 7977 @ 79.7 | 18.3
50 327 321 @ 6.6 6.1 1 208 883 883 i 20.0
6.0 208 351 146 188  26.0 937 937  19.7
70 254 391 {125 87 276  71.1 711 @ 16.2
8.0 377 361 121 126 @ 23.6 | 622 622 @ 14.6
90 221 484 166 : 149 : 245 o61.1 @ 61.1 | 15.7
10.0 + 393 415 198 | 127 « 183 | 59.2  59.2 | 149

30Kg

MAX 57.8 484 198 | 188 @ 27.6 | 93.7

AVG 8.4 4.5 3.1 3.2 3.2 9.8

1.0 @ 486 ¢ 339 ¢ 155 @ 126 + 219 | 61.5 | 61.5 @ 15.7
20 464 324 149 120 209 @ 588 @ 58.8 @ 15.0
3.0 322 300 109 @ 9.6 @ 101 517 51.7 i 13.9
40 @ 508 @ 323 161 1 200 196 69.0 @ 69.0 : 16.9
50 227 350 145 146  20.0 1 793 793 ' 174
6.0 ' 188 320 146 : 11.7 + 230 773 773 | 16.7
7.0 303 364 115 82 235 547 5477 | 13.0
80 346 371 131 ' 125 208 553 553 : 134
90 : 144 374 108 . 10.7 : 234 « 51.3 : 51.3 ' 13.1
10.0 + 363  30.7 @ 16.1 : 10.8 @ 16.4 | 635  63.5 @ 145

15Kg

MAX 50.8 + 374 ¢ 16.1 = 200 = 235 | 79.3

AVG 9.8 2.2 1.8 2.1 2.8 8.0

1.0 | 405 @ 36.7 1 132 1 137 @ 184 ' 585 585 @ 15.1
20 235 286 142 ' 176 @ 187 : 619 | 61.9 : 11.9
30 1293 195 @ 98 9.6 80 ' 468 @ 468 | 11.7
40 170 @ 274 @ 13.8 = 127 = 17.2 @ 537 @ 5377 : 11.3
50 216 394 126 121 161 @ 651 @ 651 ' 16.3
6.0 ' 184 318 154 @ 122 186 @ 739 @ 739 ' 16.3
70 159 375 133 86 « 200 440 440 : 11.7
80 444 306 112 86 168 515 515  15.0
9.0 91 = 285 8.0 80 223 446 446 @ 11.7
10.0 217 248 133 87 @ 13.6 @ 493 493  10.1

OKg

MAX 444 394 154 ' 176 223 739

AVG 8.4 4.7 1.7 2.5 2.7 7.9
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[E 3-16] 9&

Z£219r2 2] Max Force (N)

g as B8 R T Do ke Rear MAX AVG

1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2.0 746 121 248  40.6 @ 145 266 746 169

30 1573 355 0 482 1 279 1 409 1496 1573 51.3

4.0 856 1 29.6 187 | 323  86.6 0 399 86.6 @ 249

30Kg 5.0 68.9 i 124 { 282 i 271 192 | 663 | 689 | 204

6.0 1353 222 @ 421 351 203 @ 76,5 1353 338

70 1107.0% 419 { 41.2 | 294 ¢ 351 : 919  107.0: 27.8

8.0 91.1 = 28,6 305 | 446 | 383 1352 1352 34.5

9.0 104.0: 30.2 { 40.7 @ 354  27.8 | 746 1040 248

10.0 1 106.4 ¢ 28.8 | 288 @ 352 @ 30.1 { 50.0 {1064 @ 21.1
MAX 1573 419 @ 48.2 | 446 | 86.6 ' 149.6
AVG 29.0 i 10.0 { 10.2 7.7 15.2 @ 345

1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2.0 46.0 9.5 16.1 @ 363 16.6 | 22.5 0.0 0.0

3.0 95.8 304 447 : 389 @ 376 1125 1125 294

4.0 64.5 + 30.7 ¢ 26.1 : 264 : 515 :101.2: 101.2 ¢ 22.3

15Kg 5.0 757 1123 ¢ 210 ¢ 196 @ 162 ¢ 431 757 ¢ 18.7

6.0 165.0: 274 305 344 263 385 165.0: 37.1

7.0 444 288 258 416 @ 244  60.3 603  11.2

8.0 1416 22.1 : 30.1 450 356 @ 68.3 141.6 319

9.0 1156 26.7 : 350 = 36.2 352 : 348 1156 228

10.0 ¢ 72.0 ¢ 329 i 297 : 41.2 i 374 ¢ 327 i 720 : 104
MAX 165.0 0 329 : 447 450 ¢ 515 1125
AVG 38.0 8.9 8.1 10.0 ¢ 11.4 ¢ 27.3

1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2.0 534 8.1 125 ¢+ 250 i 12.6 7.4 534 129

30 1242 31.1 | 426 |+ 256 ¢ 335 1023 1242 35.6

4.0 68.6 1 26.8 1 195 : 194 : 393 | 187 @ 686 | 14.6

OKg 5.0 61.3 175 156 @ 225 267 @ 141 @ 61.3 | 11.8

6.0 106.6 1 19.9 | 29.2 1045 16.6 @ 17.7 106.6 @ 37.6

7.0 619 295  21.6 : 351 : 251 242 619 @ 104

80 :1109.3: 234 @ 21.0 @ 302 @ 295 : 379 109.3: 225

9.0 89.5 231 1 294 | 40.2 @ 254 @ 268 { 89.5 i 17.2

10.0 : 66.1 @ 26,77 i 242 @ 441 ¢ 292 : 19.1 | 66.1 i 135
MAX 1242 31.1 . 42.6 {1045 39.3 | 102.3
AVG 26.6 7.4 7.8 17.1 8.4 17.3
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[E 3-17] 922 =zt 9] Max Force (N)

= | g %i)% IF/IOercT Il\s/ﬁrde anrte Mdde | Rear MAX  AVG

1.0 689 298 @ 383 196 214 718 71.8 19.1

20 696 10.8 0 335 341 152 215 69.6 15.0

30 928 275 @ 688 @ 179 293  149.6 149.6 @ 39.4

40 @ 744 @ 317 269 @ 246 68.0 48.0 744 @ 179

50 1063 140 @ 41.0 @ 16.8 = 144 = 533 1063  25.9

30Ke 6.0 1246 255 321 439 297 175 1246 26.3

7.0 863  28.0 i 46.0 @ 36.6 @ 229 | 59.7 863 17.6

80 @ 783 323 445 @ 360 @ 281 @ 831 @ 831 20.2

90 1273 460 @ 71.8 : 40.1 : 41.0 | 20.5 | 127.3 @ 27.9

100 1 835 453 478 338 31.8 728 835 @ 17.1

MAX 1273 1 46.0 | 71.8 @ 439 @ 68.0 | 149.6

AVG 172 + 79 108 + 85 @ 101 = 27.6

1.0 485 237 281 : 30.6  19.6  47.6 : 48,5 @ 10.0

20 664 149 232 239 145 @ 101 0.0 0.0

30 899 315 458 220 332 921 921 | 257

40 831 313 204 274 839 19.0 839 @ 26.2

50 101.1 173 359 : 212+ 21.8 309 101.1: 21.0

15Ke 6.0 970 231 @ 30.1 @ 31.1 221  19.5  97.0 20.0

70 705 275 439 327 2177 0 532 705 @143

80 779 30.1 427 322 297 679 779 @ 174

90 965 336 475 351 272 156 965 19.6

10.0 1 104.0 36.1 : 389 @ 336 @ 279 | 645 104.0 223

MAX 104.0 : 36.1 : 47.5 : 351 ' 839 | 921

AVG 142 = 5.7 8.2 43 114  23.0

1.0 398 @ 254 @ 30.5 294 235 532 532 86

20 587 169 : 17.0 + 275 @ 19.1 @ 10.5 | 58.7 = 12.1

3.0 822 1 316 i 31.1 20.0  36.2 748 | 82.2 '@ 21.7

40 499 309 223 181 852 125 852  20.7

50 770 132 347 162 16.0 57 = 77.0 | 19.2
OKg

6.0 ' 111.6 26.8 @ 30.0 @ 88.8 @ 26.6 @ 237 111.6 32.6

7.0 487 309  51.7 @ 286 @ 243 ' 287 517 @ 9.8

80 735 245 284 270  21.6 1 109.1 109.1 29.3

90 = 754 265 324 316 198 @ 88 754 143

10.0 : 96.1  30.3 @ 31.0 : 30.3 + 240 @ 333 @ 96.1 @ 184

MAX 111.6 = 31.6 : 51.7 @ 88.8 : 85.2 : 109.1

AVG 17.6 © 4.6 53 114 124 | 2538

_84_




[F 3-18] & =2 ¢392 Max Force(N)2] 2}7] A=l 2J$t Normalization

=2 g Big ' Fore Fore | Fore . dde

Toe  Med.  Mid. & Lat. Rear MAX | AVG

1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20 112 1.8 3.7 6.1 2.2 40 11.2 . 25
3.0 201 = 45 6.2 3.6 52 191 201 ¢ 6.5
40 109 @ 38 2.4 4.1 1.1 © 51 ¢ 11.1 © 372
5.0 9.4 1.7 3.8 3.7 2.6 9.0 9.4 2.8
6.0 @ 184 3.0 5.7 4.8 28 104 184 . 46
7.0 156 @ 6.1 6.0 4.3 51 134 156 | 4.1
8.0 131 41 4.4 6.4 55 194 194 @ 5.0
90 | 128 @ 3.7 5.0 4.4 3.4 92 128 @ 3.0
10.0 : 13.7 = 3.7 3.7 4.5 3.9 6.5 | 137 2.7

30Kg

MAX 20.1 = 6.1 6.2 6.4 : 11.1 194

AVG 3.7 1.3 1.4 1.1 2.0 4.8

1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2.0 6.9 1.4 2.4 5.4 2.5 3.4 6.9 1.7
3.0 122 = 39 5.7 5.0 48 143 143 @ 3.8
4.0 8.2 3.9 3.3 3.4 6.6 129 129 @ 29
50 103 1.7 2.9 2.7 2.2 59 1 103 = 25
6.0 @ 224 3] 4.2 4.7 3.6 52 224 50
7.0 6.5 4.2 3.8 6.1 3.6 8.8 8.8 1.6
8.0 204 32 4.3 6.5 5.1 9.8 204 @ 46
90 142 33 4.3 4.5 4.3 43 142 | 2.8
10.0 © 9.3 4.2 3.8 5.3 4.8 4.2 9.3 1.3

15Kg

MAX 224 4.2 5.7 6.5 6.6 | 143

AVG 5.0 1.2 1.1 1.4 1.4 3.7

1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2.0 8.0 1.2 1.9 3.7 1.9 1.1 8.0 1.9
3.0 158 @ 4.0 5.4 3.3 43 131 @ 158 @ 45
4.0 8.7 3.4 2.5 2.5 5.0 2.4 8.7 1.9
5.0 8.3 2.4 2.1 3.1 3.6 1.9 8.3 1.6

OKe 6.0 145 27 40 142 23 24 145 @ 51
7.0 9.0 4.3 3.2 5.1 3.7 3.5 9.0 1.5
80 157 34 3.0 4.3 4.2 54 157 @ 3.2
90 : 11.0 28 3.6 4.9 3.1 3.3 0 11.0 + 2.1
10.0 . 8.5 3.5 3.1 5.7 3.8 2.5 8.5 1.7
MAX 158 « 43 54 142 50 | 13.1
AVG 3.4 1.0 1.0 2.2 1.1 2.3
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H 3-19] 2E& == 9] Max Force(N)Q] 27| A|&o] ©]$F Normalization

sz g Rig Fore Fore TOre nggge Rear MAX | AVG

1.0 © 10.8 = 4.7 6.0 3.1 34 113 113+ 3.0

20 105 1.6 5.0 5.1 2.3 32 105 272

3.0 118 3.5 8.8 2.3 3.7 191 + 19.1 = 5.0

4.0 9.5 4.0 3.4 3.1 8.7 6.1 9.5 2.3

30Kg 50 145 19 5.6 2.3 2.0 73 145 35

6.0 169 @ 35 44 6.0 40 24 169 = 3.6

7.0 12,6 4.1 6.7 5.3 3.3 87 126 26

8.0 1 11.2 46 64 52 40 119 119 29

9.0 157 5.7 8.8 49 5.0 25 157 ¢+ 3.4

10.0 : 10.8 = 5.8 6.2 44 41 94 108 = 2.2
MAX 169 ¢ 58 ' 838 6.0 @ 87 19.1
AVG 2.0 1.1 1.2 1.2 1.1 3.9

1.0 7.6 3.7 44 48 3.1 7.5 7.6 1.6

20 10.0 2.2 3.5 3.6 2.2 1.5 ©10.0 { 2.0

3.0 115 40 5.8 28 42 118 11.8 i 33

40 106 = 4.0 2.6 35 107 24 107 ¢ 33

15Kg 50 138 24 49 2.9 3.0 42 138 1 29

6.0 132 3.1 4.1 4.2 3.0 27 132 27

70 103 4.0 6.4 = 48 32 78 103 ¢ 2.1

8.0 11.2 : 43 6.1 46 43 98 11.2 ¢ 25

9.0 1 11.9 41 58 | 43 3.3 1.9 1119 = 24

10.0 © 134 47 50 43 3.6 83 134 29
MAX 13.8 4.7 64 48 107 118
AVG 1.4 0.6 1.0 0.6 1.4 32

1.0 63 1 40 48 @ 46 3.7 8.4 | 84 1.3

2.0 8.8 2.5 26 ¢+ 41 2.9 1.6 8.8 1.8

30 105 40 @ 40 26 @ 46 95 105 238

4.0 6.4 @ 39 2.8 23 109 16 109 26

OKg 50 105 1.8 47 2.2 22 08 105 ¢ 2.6

6.0 152 36 41 121 3.6 32 152 44

7.0 7.1 4.5 7.5 4.2 3.5 4.2 7.5 1.4

8.0 10.6 3.5 4.1 3.9 3.1 157 157 @ 4.2

9.0 9.3 3.3 4.0 3.9 2.4 1.1 9.3 1.8

100 + 124 = 39 = 40 3.9 3.1 43 124 24
MAX 152 + 45 7.5 121 109 + 15.7
AVG 2.1 0.6 @ 09 1.6 1.5 3.7
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3.3.1.1 SSBR HJ3t @ 7}lmzA AA
SSBR A4 ujdt MAz obAst ujste] =z AMLE= NBR siste] 7
QS AR BAel Fou, et dot ol wE 4 o

o J
L SSBRE TEFOEM ot
O

B4, BAE D obzge WS FHAY
24 B BEE B2 ol2d ANLSE Adad AFskdt. A9
A7E 54

5o A" 7]E b3t wigu]e] SSBRS Mg oza HSHE
= =4& TF SSBR2 butadiene?] vinyl AvAxe] wep Hed EA
]

of w2 JgFol U];:ﬂ‘:]'j— l‘iﬂgoﬂ ot vinylghgo] E2 I o|EE A}

[E 3-21] Recipes for Matrix Rubber Compound (N-1, 2, 3)

code
name N-1 N-2 N-3
Materials
NBR 90 80 70
SSBR 10 20 30
St/A 1.5 1.5 1.5
Filler 30 30 30
Additives 7 7 7
Coupling agent 1 1
antioxidant 0.5 0.5 0.5
Sulfur 1.5 1.5 1.5
M 0.4 0.4 0.4
DM 0.4 0.4 0.4
TT 0.2 0.2 0.2
Al 149 149 149
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3.3.1.2 SSBR A¢ 7154 W7}

SSBRO] A 7tgx7oz SSBR A4 A8S T3t yWEedHAd g
A5t S FESH] o) 7t AlAF 9 HUHA b 2AEE

[® 3-23] Recipes for Matrix Rubber Compound (N-4, 5, 6)

code
name N-4 N-5 N-6
Materials
NBR 70 70 70
SSBR 30 30 30
St/A 1.5 1.5 1.5
Filler 35 40 45
Additives 8 8 8
Coupling agent 3 3 3
antioxidant 0.5 0.5 0.5
Sulfur 1.5 1.5 1.5
M 0.4 0.4 0.4
DM 0.4 0.4 0.4
TT 0.2 0.2 0.2
A 150 155 160
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[Z 3-24] N-4, N-5, N-6 284 EA

Properties N-4 N-5 N-6
Hardness Shore A 63 65 67
Specific _
ety 1.13 1.15 1.21
ol MP 10.2 11.0 12.5
strength a : : :
Elongation % 400 380 390
e N/mm 44 47 51
strength
NBS % 138 145 169
. Dry 1.34 1.31 1.27
Slip
e
: Wet 1.17 1.16 1.15

g B4 Jtw A=E FHAD BA 2
o fAsHE Ane sustan. AAF 24 SSBRY FFol 10%2u)
o 545 WIWA PSS GAUT. 5 A4 AHelAE o
Hashe AL Hold &4 AU A9 Fast g FAPE Mol
T gtk ol SSBRO AMA B FWA GA4EY wiAcE A4
S o=

SSBR &Auigo] we FAE A5ttt NBS AlHS FHISH]
Al B7Eet & A8)) NBS mlR A|37]2 o835 NBS A
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offt
>
N T
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MBS OF=7|

[2% 3-89] NBS n}RA|&7]

[E 3-25] vtRAY v E

N-1

Z,

-2 N-3 N-4 N-5 N-6

NBS

b 165 152 147 138 155 169

Tensile strength
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Tear strength
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el A7 W] odrk

[3 3-30] Pedar—X system & 44 |4

Pedar-X system

7] ol AA 4 54 o AP A | 71FAIZE
(mm) (g) (EA) (sensors/second) (MB) (min)
50x100%x40, 360 256/1024 20,000 32 25

¥ 3-31]. Pedar—X insoles A LE=A Q&2

Pedar—X insoles

1&37] A ALK 4 o= ¢ &2A4
(european) (mm) (EA) (kPa) kPa)
22 to 49, 3 15-600 or

widths 1.9 85~99 301200 250r5

6) HTh3l(s1831%) =%
A (3185H%) 24 ol 59U Noveld AE loadsol mobile force
insole AMg5lo] ArjRe ZAsiqch A9, ma, 2d, 75 LAef

et Eute 95 A 7hssie, Ao 200Hz=2 2dedde SAdH. A
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A

N

olo

o

|El

K

I
e o2

H o
= T, T —1

o)

e}

[3 3-32] loadsol insole H§ =4 #v] 24

Technical data of the loadsol insole
all sizes and custom made

1, 2, or 3 full plantar area
max. 200 Hz
Bluetooth LE

iPhone, iPad, iPod, Android

3V coin cell / 14 hours or rechargeable cell

sizes

number of sensors

frequency (Hz)

transmission

operating device

battery

.
i U5 Rmdd )

fi q
| Ii,; i

3
i

HHH o Bgo =0l NovelAl A& loadsol

=
71, EE W27l ols(Ey # 2d)

Hdd (@89 54

mobile force insoleS A}g35lo] EE &
ol #HYd A FHES 99 E

A AgEe EAsn
woodway D& o]83e] Okm/he] AT S HgEe Ao



s
sCience’

695 0NGRE=

asLpomay gl B vousapomay

0.0N..

science

697 677

1o

5625 5902 7150 7233
o090a1880

(727 3-111] #F BAHH4 4587} loadsol insole Xt

(2™ 3-112] #F At 45387} loadsol insole Xt SHAR
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7) DLOoRE A 9 By
ZHEE ZHe A Zgo o 57 8o m& Hileks =45}
BAton 4 olx] 2% mEL Z71FS B@rlshr] 9§ B4 Hholch

1

N2 Y712 5o 2YRE g4 §72 Bt 2] Rel A7 ans

2 HY A s AgEE 25 7P A4

Qo] & Ueht glom BoRrt w2 4742 2§ 95 SAste] vl
=45kt

| 4
da|2 5 ZA 5T} (Musc efatlgu . I
. . 3

8% Hof Aza 1.

(19 3-113] AAelsly 587t ane B4

==
Lateralis)2 F52 23ol=d 54% 9= st stx]o] =3 414
o] ToJst= LSolt}, H|EZ(Gastrocnemius)Y SH2| Q] WS Q5= =&

o 2 JS gFsty glom A7 Ba Al mhe] W Zz]7EL o

ﬁ
>,
)

= 8o, HMAS(Tibialis Anterior)< =E3HEo|A 713 @b o]l 7}
ot dhE {9ls dorja B Al Hhg HigoA Eo] &1 YeEle 9T
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E 3-33] TeleMyo DTS Telemetry 4% =74 |44

TeleMyo DTS Telemetry system

Power + Replaceable Li—ion rechargeable battery, operation time
Requirements more than 8 hours after fully charged

« Up to 100 mW (depending on antenna and country

Output & allowance)

Transmission + DSSS 2412-2464 MHz on (up to) 11 selectable radio
Frequency channels

(Depending on  + DTS Probe transmission range: 10m
country) + Belt Receiver Re—Transmission range: up to 100 meters

in line—of-sight recordings

+ 16-bit resolution
EMG Sensor Data * Sample rates 1,500 (for 16—channels) or
Acquisition System ¢ 3,000 samples/second/channel (for 8 Channels)
+ Selectable low pass filter 500, 1000, 1500 Hz

+ No notch (50/60 Hz) filters are used
+ Ist order high—pass filters set to 10 Hz +/— 10% cutoff
+ Baseline noise < 1 uV RMS

EMG Preamplifier * Input impedance > 100 Mohm

Leads « CMR ) 100 dB

¢« Input range +/- 35 mV
+ Base gain 400
+ Snap-style or Pinch-style terminal electrode connections

+ EMG Probes Dimensions: 134" L x 095" W x 055" H (34 cm x
24 cm x 35 cm)

« EMG Probes: Weight: Less than 14 g
DTS Belt Receiver Dimensions: 126 cm L x 675 cm W
x 238 cm H

« DTS Belt Receiver Weight: Less than 185 g

Dimensions

o2& (Muscle Fatigue : MF)gt AlHFzkgo] wE oiz|o] & m=Z

T Zsle wy] 93 ZRuWon Tuae d=s] 9 UW Z o

o

et 30, 60& F Fubp WHelkgs SRIto=md oA ZoEk J-E
A% 7Zhsoitt. o2 54 9 24 HH[EE= "5 Noraxon AR



¢

TeleMyo DTS Telemetry, Noraxon XP 4§ AZEo] ARESHTh A
JQEHH 1114 cﬂo]ﬂ ;qﬁ\_—a].tq EMGE]- j_g E}E /\Hy\ﬂoaob@ A A -] ZF
Fol Jbsalth, o A3 AMg Jbs @ nED gololE Agstn glo
o, A% S4L JHAE Fol T 470 100m7kA gl s
G 2o o2 slEE @ dold 27, 4~32 AdE TAHcle
W, Ag slmglolsl 4ZEge] AME, AF AolZol gt ET 2ol

7Fsstot.

4

1 Efcd /b oA 4.2km/hZ oe”(é“—\?E% FA5t HiPs A

A 2g Aol Hx SH0D)= AAst 2 dHlolA 60 7+ KA
2 AANT S A5H oto] g H/S v BAE AASHYTE H A
7Fg Wol ARgshs W E WdE, R, Jd@de] e 288 AHEEE
(Tibialis Anterior), H]E- (GastrocnemmS), Q)=342(Vastus Lateralis), f2
E g (Hamstring) 595

24 A dole9] o
&2 olgdte] WRE A
o qlgshel ua Pejolx

s 3_2‘3}01 otq Aefzo

& dlolH 33] {35

E
e
Lo
b

)
N
i
)
rl

W

el 8
FHA zbeb AAAEE SAH(VAS, Visual Analog Scale)& AH-g-otod
F24) Asite Zgoldch RS o8 F04 Aad Wie B H%
s A

Al UER= ZF Ajjele] Z1A il§].7¥ 715t
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oMol HES B mEde] Fpd Asizre BAsiol
.

o
1
E ASe YT & U9l

VAS: How much comfortable? Check+/

Distance Measurement -

v

uncomfortable comfortable

(119 3-114] AAAHE A9 VAS(Visual Analog Scale)

3 el Aol

|\

b NZHHE ZFR(VAS) F0E g 24

19F A A2 el 235 (Overall Comfort)

A

)
— }} 5

A

il

& A
= 23 Y o HetE(Medial and lateral Comfort)
dro] Zo](Shoe Length)
@ F-/(Cushioning)
- HE\ZR|(FFH) o] F4(Heel Cushioning)
- I (HFH) 9] vtere] M (Forefoot Cushioning)
H A
H

©
ro,

(Stability)
- B3 A o= QA (Ankle Stability)
@ |44 (Comfort)
- &= A Y of Hotgt(Medial and lateral Comfort)
— oF2|(arch) §<19] HeH(Arch Comfort)
- AF/ A FA (Shoe Lightweight)
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9) A+ A

A

Al
ShA| et '

2 20~30H

49
o HedsE2 859

2

A

=
=

Ago] o mEA}
A7) A
Lo} AHE FFES 57, of

talom,

45

A%

AAe e

Ui

teeh 2e DdAE

2145

I =
[€) =2

a9

(U

5]

SHA

23] g5
oA A Q]

8¢ 3

A
=

I

1

ANA 7H&

241

o
~—

ol
oo

il
__OT
To-

110

<
oy
{|m
Bl

!
il
No

mr

<k

ol

ol
ﬁuo

ﬂ‘_.mo

&g 23.6%0.5yrs, 4l

% 75.4+6.3kg 12|11 H¥FAtol= 280.0+0.0mm=Z LEF

Z

ol
™R

ZF 179.2+3.4cm,

ot

B

4

A

stA
5]

[E 3-34] AAY

)
280

HFAFO] 2 (mm

280

280

280

280

280

280

280

280

280

280.0£0.0

A5 kg

80

83

75

72

70

65

80

80

68

81

75.4%+6.3

A% (cm)

182

184

171

179

179

178

180

180

178

181

179.2+3.4

A (yrs)

24

23

23

24

23

24

24

24

24

23

23.6+0.5

= A 2H(n)

Subject 1

Subject 2

Subject 3

Subject 4

Subject 5

Subject 6

Subject 7

Subject 8

Subject 9

Subject 10

Average
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(1% 3-119] A2 487t Sz 54 23 A



V. 47 A% 9 AvEA
41 4343}
4.1.1. 3=Z4 Fx4d7
2 AFE Fote] EEAA R 9 % ZYEH AoAAHRES
gt AntE AdE S Fdgstglor, [E 4-1]3 Zo] EAE ¢ F
o Wit FAAF7IES] HIHE Fote] AFH HZEE 100 A5
=3
(£ 4-1] AFH 51 23 Y&
) A H o
2o gsAm |we| ° AR A3 s
=R (H82/E8719)
1. &= AA % 95 95(1]=t/GAH 98.26% 100%
2. Sole ¢f=1EAr
o % <10 (3H=+/KAD 14% 24 100%
EFE&)
3. Sole Y74 % 155 150(m] =) 233 100%
4, ZLHAE 9] 300,000 250,000 TEYS 100%
5. 5] &stE kg 120014 | 120(=%/Novel) | 141.65kg 100%
6. M2 A
% 2 A (EH=/KAD [19.5% &4 | 100%
(Fo=x)
7. AMRERS g 70015} | 70(5Y/Moticon) | 34.678g 100%
8. 2 g5==t (1]=t/Motion +/-
) % + 5 100%
2UE "y A Analysis) 5%°] 5}
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4121 AF A5 FF2 T8 2o SALY B4 2

D 0 kg TF& 2549 SAYE 4 23
7hH H=5H q(Contact Areas) =447}

SHE Okg SE&Y Al FHF AT AAE FHAE Type A9t izt
FASHKAD Type B HA|(Foot), HMZF(Fore), TFFMid) H F=
FRear)oll ot HFH2A EA43 FH(E+AE) Hotglol A
(Foot)ellAl= F 70 AAIE HASE Type A7} dixa FHSHKAD
Type BHETF of 439% W& HFHZo] yeyth Fod HFHA 24
A FEFMidNA FF L AAFE FARE Type AZF iz ¢Hd
SHKAD  Type BXH©Er °oF 47.88% 42 H=WAol UeRL, HZH

(Fore)9t FZFH(Rean)ol Al oF -10.92%, °F -10.04% F2 HEHA
Uetsth 2E T AAE kst EAET 2HF: T AAIE st

=

3
Type A7} BAAISE F52 B4 golold e AEAzo] vehgrh

(% 4-2] Okg BEZDY 2% AL F2A2 BAAT (&9):em?)

Type A 115.14 38.84 41.61 34.69

Type B 110.30 43.59 28.14 38.57

s4& 4.39 -10.92 47.88 -10.04
P(EHE) = { O - g4 / dix A} * 100
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120

100

80

60

40

20

116
115
114
113
112
111
110
109
108
107

Okg Contact areas [cm?]

UM H|(Total) TFHF(Fore)

Okg Contact areas [cm2]

H Type A
HTypeB
LT (Total)
Okg Contactareas [cm2]
EType A
E TypeB

- 141

Okg Contact areas [cm2]

HE R (Fore)

Okg Contact areas [cm2]

m TypeA
u Type B

HType A
= Type B

EType A
EType B



) Z el (Peak Pressure) 441}

FTEE Okg E&2Y Al 2HF AT AAE HHSE Type A9t tix
AASHKAD Type B #HAA(Foot), AEH-(Fore), FTHFMid) ¥ F=%
HRear)oll oigt g A2 FE(eEd+ddhE ol IHA
(FoonollA+= #F BE AAE P33t Type A7l 183.45kPaz tjx+t
AdHSHKAD Type B 184.31kPa Hr} -0.86kPa °F -0.47% w2 o
dgo]l yebgh FoE FHdigey 243 dSHE(Fore)olA 2F Y
ANAE st Type AZF 132.08kPaz  thxwt <QFPHSHKAD Type B
150.19kPa Xt} —-18.10kPa ¢F -12.05% 22 Ftjetedo] Yyttt

FTEREMid)elA= FHFE I AAIE HdSE Type A7F 78.85kPaz=
27 FHSHKAD Type B 65.83kPa Rt} 13.02kPa ¢F 19.78% =&
HAdqgEo] yehgon, FEHReanoMdEe HE T AAE  oHds)
Type A7} 15291kPa=m thx3 QFPHIHKAD Type B 150.73kPa Hrth
2.18kPa °F 1.45% =& Zdietde] ueith 2T T AAE Hds)
BAAT HE AT AAE kAS Type A7F WAAe} A2H BA 9o

AN @2 Hdd=e] e

[% 4-3] Okg BE2Y 2% AWAE Hojgre 24927 (] : kPa)

FE(LET + A4

Type A 183.45 132.08 78.85 152.91

Type B 184.31 150.19 65.83 150.73

THE -0.47 ~12.05 19.78 1.45
P(EHE) = { OfEAE - giz=4d) / gz A2} * 100
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Okg Peak pressure [kPa]

200

180
160
140
120
100
g
6
4
2
0

m Type A
u TypeB
0
0
0
0
UHH(Total) TEF(Fore) FFEF(MId) FFHH(Rear)
Okg Peak pressure [kPa] Okg Peak pressure [kPa]
184 155
184 150
184 145
184 HType A 140 mType A
184 AR wigpes 135 WA
183 130
183 125
183 120
HH|(Total) HEE(Fore)
Okg Peak pressure [kPa] Okg Peak pressure [kPa]
80 153
. 153
152
70 ®Type A 152 B Type A
= TypeB EType B
65 ype 151
151
&0 150
55 150
EEE(™mid) Z 5 (Rear)

(19 4-2] Okg BEAY HF ALAE Hare BaEwn
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=
TEFE Okg 28&Y Al AT AT AAE OJXW} Type A%} tix
HHSHKAD Type B ®AA(Foot), AZH-(Fore), TFHMid) ¥ 5=
H(Rear)oll oigt Fdigwets 449 FHeEd+dd) Bddkol
AAFooollAe HF 7B AAE HHA3 Type A7 65.94kPaz thx
& QFHSHKAD Type B 77.43kPa Xt} -11.49kPa °F -14.83% W&
Figdeedo]l et 29 Hoigddy 2443 ASH(Fore)ol
A HF BT AAIE b3t Type A7 48.02kPaz tixat FHIHKAD
Type B 62.00kPa Xty -22.54kPa ©°F -13.98% 2 Z 4= o|
ettt S5FMidodAs  2HF: AT AAFE Fdst Type A7
41.94kPaz2 X QEHIHKADH Type B 39.32kPa Hrth 2.62kPa oF
6.67% =& FHWEAAdHol UeRt. TXFEReanoAde= HF T Al
AE  AsE Type AZF 84.96kPaz  txa SQPHEIHKAPH Type B
97.36kPa Xt} —12.40kPa ¢F 12.73% Y2 ZHaddHo] Yepgtt
T M AAE s EAET HF Y AAE HAsSt Type AZF 2
3

AAlel WS, FER B4 geloq we Amaceo] yehit

nL JNI‘-{J

-

[# 4-4] Okg =2E=2Y 25 WEAE HANBLdS 2427 (F9 © kPa)

FELET + A4

Type A 65.94 48.02 41.94 84.96

Type B 77.43 62.00 39.32 97.36

2748 -14.83 ~22.54 6.67 ~12.73
%(FHe) = { ONEAT - "4 / gz A * 100
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78
76
74
72
70
68
66
64
62
60

100
90
80
70
60
50
40
30
20
10

(=]

Okg Maximum mean pressure [kPa]

Y H|(Total)

HES(Fore) B5F

Okg Maximum mean pressure [kPa]

LT H(Total)

70
60

50
B Type A 40

EType B 30
20
10

Okg Maximum mean pressure [kPa]

(1% 4-3] Okg

55 (mid)

100

95

ETypeA 90
= Type B g5
80

75

- 145 -

il

® Type A
ETypeB

(Mid) 2 (Rear)

Okg Maximum mean pressure [kPa]

mType A
H Type B

HE 8 (Fore)

Okg Maximum mean pressure [kPa]

HType A
mTypeB

ZZH(Rear)

Beael HE MUAE AgBEde 2w



2) 15 kg 8= STAY AU 24 A9
71 &2 (Contact Areas) 2427}

THE 15kg =AY A HF NE AAIE FASE Type A<t
HASHKAD Type B A (Foor), HAZFH(Fore), TFFMid) ¥ F=F
FRear)ol oiet J=W4 449 FH(ET+AT) Bglol &
(Foot)oll e 2F 7B AJAIE HAS Type A7 122.20cm’2 tix
OFHSHKAD Type B 116.53cm? Ht} 5.68cm? ¢F 4.87% W& HE=HZA
ol uehgth. FeE HEHA EAET dZH(Fore)old FHF WD A
AZ  ord3t Type AZF 43.13cm’®  HiFT  FASHKAD  Type B
46.49cm? Kt} -336cm’ oF -7.23% HL AEWAo] et FEH
Mid)olME 2F A AAE HASE Type AZF 43.26cm’2 tiZ ¢t
ASHKAD Type B 30.76cm’ Btk 12.50cm? ©F 40.62% ¥ A=W
o] yetgth. FEZF(Reanolde ZHF T AAE HASE Type A7

Fx
M

N

x

ra

M2

5
35.82cm’2  gixat oFASHKAD Type B 39.27cm? Hrtl -3.46cm? oF
-880% & WEWHo| ushtov HE AN AAE ehdst 24Aw
g M AAE St Type AZF HAAet 355 &2 4w

HEHA o] Y.

[# 4-5] 15kg =49 2F NEAE 504 2425 (F9] : cm?)

F(eEd + duh)

% ZzH ZzZH S ZH

S S A S % A

Type A 122.20 43.13 43.26 35.82

Type B 116.53 46.49 30.76 39.27

TaE 4.87 -7.23 40.62 -8.80
%(F3&) = { OPdAT - x4l / iz A} * 100
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123
122
121
120
119
118
117
116
115
114
113

140

120

100

80

&0

20

15kg Contact areas [cm?]

ﬂiﬂﬁ

A (Total) TEF(Fore) FTHFF(Mid)
15kg Contact areas [cm?]

47
46

45
uH Type A

= Type B 44

43
42

41

XK (Total)

15kg Contact areas [cm?]

40
39
EType A 3
uTypeB 37
36

35

55 (Vid)

mTypeA
u TypeB

B=5 Rear)

15kg Contact areas [cm?]

HType A
= Type B
HEE (Fore)
15kg Contactareas [cm?]
E Type A
= Type B

[C19 4-4] 15kg 2EAY 2T EAE H504 24925
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) Y= (Peak Pressure) #4447}

FTHE 15kg EEAY A FHE T AAE FARType A9t Hix
HHSHKAD Type B ®AA(Foot), AZH-(Fore), TFHMid) ¥ 5=
FRear)oll et FHoigrel 2443 JFEH(EI+AIdFAgol THA
(Foot)ollAe= ZHF N AAE st Type AZF 232.58kPaz tx+
OFABHKAD Type B 226.87kPa Kt} 5.71kPa ¢F 2.52% =2 g
ol uetth Fed HEWH EAZEAT dEFH(Fore)olAd FHE WD Al
AE b3t Type AZF 191.30kPaz izt QPHSHKAD  Type B
200.15kPa Kt} -8.85kPa ¢F -4.42% 2 HUgEo] yergoen, F
FEMidANAE HF AT AAFE 3 Type AZF 92.25kPaz thxt
OFHSHKAD Type B 69.93kPa W}t 22.63kPa oF 32.50% =& Uit
o] Uehgth SEHReanolM= FHE T AAFE FARE Type A7
172.24kPa2 ozt QFASHKAD Type B 160.89kPa Hrt} 11.35kPa ¢
7.06% =< FHdig=lol yehgth FHE NE AAE et 244
T NE AAF HARt Type AZF AEH 4 F9oA 2 Fditg o]
e

s

il

[# 4-6] 15kg =EAY 2T NEAE s 2425 (&1 : kPa)

FE(LET + A4

A A AZH T 55

(Foot) (Fore) Mid) (Rear)

Type A 232.58 191.30 92.25 172.24

Type B 226.87 200.15 69.63 160.89

TaE 2.52 -4.42 32.50 7.06
(A = { O - dix4d) / gz A%} * 100
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15kg Peak pressure [kPa]

250
200 _S.
150
u Type A
u TypeB
100
50
0
YHH|(Total) TEZ(Fore) BSZEMid) FEE(Rear)
15kg Peak pressure [kPa] 15kg Peak pressure [kPa]
233 202
232 200
231 198
;2: = Type A 196 = Type A
228 = Type B 194 _ = Type B
227 192
226 190
225 188
224 186
LHH|(Total) HE = (Fore)
15kg Peak pressure [kPa] 15kg Peak pressure [kPa]
100 174
172
80 170
168
60 H Type A 166 = Type A
Type B 164 Type B
a0 " Type 162 = Type
160
20 158
156
0 154

F55(mid)

(19 4-5] 15kg BEAY HF ALAE Hojere 2427
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thH FHjH s (Maximum Mean Pressure) 5421}

FTEE 15kg EEAY Al T N AAE FA3F Type ASH tix
AHASHKAD Type B #HHA(Foot), HAZH(Fore), FHEMid) ¥ F=
H(Rean)oll ofgr HjEgdds 2443 FH(LEE+AY) BFitol
AA|(Foor)oll A= & W AAE HH3 Type AZF 73.54kPaz X
o SHASHKAD Type B 83.64kPa Hrh -10.10kPa oF -12.07% &
A gdd=ol vebgth. H9E HEWH EMFy ASH(Fore)olA]
A% AL AAE oH3t Type A7} 62.67kPa® HlFat FHASHKAD
Type B 72.46kPa Xt} -9.79kPa ¢ -13.51% & ZHa<telo] v
Bhgton, FHRREMidoA= HE AT AAE kS Type A7t
49.01kPaz2 x4 QEHIHKADH Type B 41.62kPa Hrtt 7.39kPa  oF
17716% =& Hdigaterde]l yeidth FFFReanoli+= HF HE
AAE  otASt Type A7F 95.62kPa=m  thzxat FHSHKAD Type B
104.78kPa Ht}t -9.16kPa °F -8.75% W& XHdigaetao] uebgth
2HE N AAFE et EAER HF N AAE FA3SE Type A7}

q

4
Aot AER, FEE B golx e ArjEzdEe] Lehie)

nL JNI‘-{J

ATV

[ 4-7) 15kg BEAS] A% ALAE AGBRYY 24FH @9 kpa)

FTE(LET + A4

Type A 73.54 62.67 49.01 95.62

Type B 83.64 72.46 41.62 104.78

THaE -12.07 —-13.51 17.76 -8.75
P(EHE) = { O - dizqdd) / diz A} * 100

- 150 -



50
48
46
a4
a2
40
38
36

15kg Maximum mean pressure [kPa]

120
100
80
H Type A
60 Yp
H TypeB
40
20
0
H M (rotal) PEE(rore) BFEE(Mid) Z=ZE5(Rear)
15kg Maximum mean pressure [kPa] 15kg Maximum mean pressure [kPa]
74
72
70
uTypeA :: ® Type A
= Type B 64 uTypeB
62
60
58
56
WHH|(Total) HEE (Fore)
15kg Maximum mean pressure [kPa] 15kg Maximum mean pressure [kPa]
106
104
102
EType A 100 uType A
u TypeB 98 uType B
9%
94
92
90
S5E(Mid) ZE 5 (Rear)
(18] 4-6] 15 kg BEZY I3 AR Aoigeds 2447
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3) 30kg FHE BEAY SAYY &4 2
7h HEH 2 (Contact Areas) 427}

= 30kg S=AY Al AT WD AAE St Type At o
HPARHKAD Type B WA (Foot), HZH(Fore), FTFFMid) %
FRear)el ot H5H2A Z4439 FE(ET+AL)E o] &
(Foot)oll e 2F 7B AJAIE HAS Type A7 126.29cm’Z2 tix
OFASHKAD Type B 119.44cm’Htt 6.85cm? <F 573% HWo H=Ed
ol uehgth. FeE HEHA EAET dZH(Fore)old FHF WD A
AZ  ord3t Type AZF 45.15cm’® HiF oFASHKAD  Type B
47.66cm? Btk -2.5lcm?® ¢F -5.26% HL HEHZAo] Uehgton ==
EMidolME 2F AE AAE HHsE Type A7F 44.38cm’2 R
OFHSHKAD Type B 32.77cm? Hrt} 11.60cm? °F 35.40% W& #H=W
Aol Uegt. FFHFReanolAe= HF Y AAEF HASE Type A7
26.76cm’®  t)FF SHASHKAD Type B 39.0lem? Htob -2.25cm? <F
-5.76% F2 FZHA o] LEH

Fx

i
=

2 ol
o2y

MW

S
S |

1
AR FEE 24 99

[ 4-8] 30kg BEAY A3 BIAE W50 2HAF (@9 am)

FE(LET + 9W)

A A AZY 55 FER

(Foot) (Fore) (Mid) (Rear)

Type A 126.29 45.15 44.38 36.76

Type B 119.44 47.66 32.77 39.01

THE 5.73 -5.26 35.40 -5.76
(&) = { OPIAT - x4l / iz A} * 100
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140

120

100

a0

60

4

(=]

2

[=]

128
126
124
122
120
118
116

50
40
30
20
10

30kg Contact areas [cm?]

s

28 (Total) HEF(Fore) ZE(mid)
30kg Contact areas [cm?]
a8
47
®Type A 46
u Type B a5
aa

LA (Total)

30kg Contactareas [cm?]

E5 (M)

[ 4-7] 30kg 2=2Y

H Type A
uTypeB

43

- 153 -

EE 5 (Rear)

30kg Contactareas [cm?]

HEE (Fore)

30kg Contact areas [cm?]

B Type A
uTypeB

®Type A
= Type B

HType A
= Type B



) Z el (Peak Pressure) 441}

FTEE 30kg EEAY Al T N AAE FA3L Type A9t tix
AASHKAD Type B #HAA(Foot), AEH-(Fore), FTHFMid) ¥ F=%
H(Rear)oll oigh g EAAR FH(eEU+Ad) Barito]l WHA
(FoovollAle & AT AAFE <+t Type AZF 261.58kPaZ ozt
ASHKAD Type B 256.98kPa Hrtt 4.61kPa ¢F 1.79% =2 ZdigEo
Uebdth R HERA A AZH(Fore)olA 2F AL AAF
FASt Type A7} 213.94kPaz Wit QFHRHKAR Type B 228.55kPa
Hrp -14.61kPa °f -6.39% %2 Fdtde] uEton, FZHF(Mid)
o= ZZ M AAE HHS}E Type A7} 96.95kPag iz ¢HASHK
A Type B 81.04kPa Xt} 1591kPa ¢F 19.63% =& Hoigtelo] e
Hrh FEREReanA= FHE O ONE AAE 3 Type A7
198.50kPaz2 Rt FHSHKAD Type B 183.26kPa Kt} 15.24kPa oF
8.32% =& Ftig=lo] YeTh

HE ML AAE et 2427 HF T AAIE Hdst Type AL

Bl

AR 24 GoolA W2 Hdiggo] ettt
[# 4-9] 30kg EEAY T MNEAF HAogs 24487 (&9 : kPa)
FH(e 29 + gdh
A A HEH TER TEH
= (Foot) (Fore) (Mid) (Rear)
Type A 261.58 213.94 96.95 198.50
Type B 256.98 228.55 81.04 183.26
THE 1.79 -6.39 19.63 8.32
%(FHE&) = { OPIAT - x4l / iz A} * 100
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300

250

200

15

o

100

5

(=]

262
261
260
259
258
257
256
255
254

100
95
90
85
80
75

70

30kg Peak pressure [kPa]

30kg Peak pressure [kPa]

LUK (Total)

30kg Peak pressure [kPa]

FFF(vid)

(1% 4-8] 30 kg =

li

TN (Total) HZ E(Fore)

ot
I8
4

(Mid)

230

225

220

215

210

205

200

195

190

185

180

175

- 155 -

B Type A
E TypeB

FZE 5 (Rear)

30kg Peak pressure [kPa]

mType A
= Type B

HE 5 (Fore)

30kg Peak pressure [kPa]

®Type A
® Type B

=
==

£ (Rear)

4% ApIAE Acjerey 2425



h ZJEH%—&O*E (Maximum Mean Pressure) #4121}

TEdE 30kg 2=AY Al T ME AAE ARt Type A9 dix
FHSHKAD Type B ¥AA|(Foot), AZH(Fore), TFFMid) ¥ =
H(Rean)oll ofgr HjEgdds 2443 FH(LEE+AY) BFitol
AA(Foon ol A & 7N AAE HAsE Type A7 81.47kPaZ thx
o SHASHKAD Type B 94.67kPa Krth -13.21kPa oF -13.95% W&
A gdd=ol vebgth. H9E HEWH EMFy ASH(Fore)olA]
2E ME AAE HHSE Type AZF 70.19kPaz  tiFT SHHASHKAD
Type B 81.22kPa Xt} -11.03kPa ¢F -13.59% o HdjEageo]
vegton], FHREMIidolA= HE HE AAE bH3E Type AZF
50.33kPa®  tiZa- SFHASHKAD Type B 44.88kPa Rt} 5.45kPa  <F
12.14% =& HdEdg=Eoe]l veyth $FFEReanolAde T AT
NAZ obAZL Type A7} 107.98kPai  thxw SHASHKAD Type B
119.65kPa Htt -11.67kPa oF -9.75% W2 ZfEwd o] UrE’r‘)fE}

g N AAE

ot 4
Aot AER, FEE B golx e ArjEzdEe] Lehie)

nL JNI‘-{J

ATV

0!

N

LE 4-10] 30kg BEAQ HF HLAE HhBge BT (@) : kpa)

FL(LET + 9)

Ay A G 5T O

b (Foot) (Fore) (Mid) (Rear)

Type A 81.47 70.19 50.33 107.98

Type B 94.67 81.22 44.88 119.65

THE -13.95 -13.59 12.14 -9.75
%(F3&) = { OPdAT - x4l / gz A} * 100
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120

100

95

90

85

80

75

70

51
50
49
48
47
46
45
44
43
42

80

60

40

20

o

30kg Maximum mean pressure [kPa]

WHH|(Total)

30kg Maximum mean pressure [kPa]

UHHM (Total)

30kg Maximum mean pressure [kPa]

(Mid)

==d
ST

4-9] 30 kg =

[
N

HE 5 (Fore)

HType A
= Type B

B Type A
u Type B

T

82
80
78
76
74
72
70
68
66
64

120
118
116
114
112
110
108
106
104
102

e

- 157 -

\

S5 5 (™id)

A% ABAE 3

u TypeA
u TypeB

= E(Rear)

30kg Maximum mean pressure [kPa]

W Type A
B TypeB

HEH (Fore)

30kg Maximum mean pressure [kPa]

HType A
B Type B

fu)
oHl,
£l
2
1



4.1.2.2 HF Ae87r N d=EAA A GE 85 24 2

:‘—14

ol

1) Okg, 15kg, 30kg SHE B=2TY

P

o

ol

(518st8) w4 4
7h %2 2=E&4Y HHdMaximum Force) 47243}

FFE Okg EE2Y Al 2T T AAE HHS Type AS] EAA
(Foot), AZH(Fore), T5FMid) ¥ FFFRean)ef] ozt il 2421}
oFat (@ 2uh+uhHHzo] WA (Foot)ol e Okg BE=2F¢] Al 470.48N,
15kg 252 A] 587.72N, 30kg 2L Al 670.22Ne2 T (N)o]
LFERSE T

HAAIN)S slgotskg oz @9ght B4} off(eed+edhyd
grol WAA (Foon)oll 9] Okg =T2FY Al 48.01kg, 15kg =ZTAY Al
59.97kg, 30kg ZEZ Al 68.39kgC 2 5]-8515(kg)o] LrEFGTE

zo HR(N) 9 o]8otF(kg) o2 Tt BAAT AZH (Fore)d
Mt Okg BS99 Al 192.63N, 19.66kg, 15kg ZEZFS] Al 259.49N,
26.48kg, 30kg ZTZF] Al 304.27N, 31.05kge® FHUIWN)} &-8sH=
(kg)o] e

2o AYAN) 2 585t (kg) 08 Tt BAAN 228 (Mid)d
ME Okg 2= Al 168.49N, 17.19kg, 15kg =2 Al 196.40N,
20.04kg, 30kg T2 Al 211.54N, 21.59%kgoz FHIN)I} &-8s15
(kg)o] et

o HAdN) # S8stakgor @9t 242
e Okg BT Al 287.98N, 29.39%kg, 15kg ZEZFY Al 332.38N,
33.92kg, 30kg Z=2Y Al 389.46N, 39.74kgo® AN} ]-&31=
(kg)o] e

2E N AAE st ety HUY EAETS T T AAE <t
A3}t Type AZF &AM Okg, 15kg, 30kg SE= == < (585t
)& 30kg 2= Al 670.22N(68.39kg)o] ==
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[& 4-11] 0, 15, 30kg

2EAY

AF NIAE AN &8ss 24285

Type A FT(ET + )

o9 N =9 - kg
5 1HA] | AR | FSR | IR | T | ASH | 52H | £5H
T (Foot) | (Fore) | (Mid) | (Rear) @ (Foot) | (Fore) = (Mid) | (Rear)
0 kg |470.48 | 192.63  168.49 287.98 48.01 | 19.66  17.19 | 29.39
15 kg | 587.72 | 259.49 | 196.40 | 332.38 | 59.97 | 26.48 | 20.04 | 33.92
30 kg | 670.22 | 304.27 | 211.54 | 389.46 | 68.39 | 31.05 | 21.59 | 39.74
% 1 kg =998 N o2 9] At
Type A E7|ZHY ECHE [N]
500 47048 B 2EH | (Total)
. sas.06 BEEE (fore)
° Okg 1skg 80k
Type A E7| Y S 2F (ke
50 a80L rare = Y A (Total)
B HE (Fore)

19.66

okg

17.19

[71%] 4-10] 0, 15, 30 kg

29.39
26.48
I ZD-M

15kg

31.05

I 11.59

30kg

B S5 5 (Mid)

B E 5 (Rear]

SEAY 2T AR AN (E-851S) 2428
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2) AATA o5 A ARDEIE5HE) B A

7h g olE(@Y) Al ol (Maximum Force) 42}

A8 olF(EY) Al HF AT AAFE HESE Type A9 IHA
(Foot), AZF(Fore), TFFMid) % FZF(Rear)ol| diet il Z448%}
Qe+ ko] WA (Foot) ol A= 1,388.16No2 gt A
141.65kg 22 &]-&st5(kg)o]l Ukttt R HIIN) 2 5185}
oz o9t B4AT AEZH(Fore)ol e 642.98No=z o3l
65.61kg, TZFHEMidNAE 504.92No =2 kit Al 51.52kg, FH
(Rear)ol A= 587.89No = T|ekit A] 59.99kgo 2 5]-8ota(kg)o]l Ve
o ZF T AAE St 2 olF (W) Al Fdid +42Y FF
A AAFE FHSE Type A7 THAAN AR89
1,388.16N(141.65kg)o] Fth= reRsiTt

)

> (kg)
A A

(3 4-12] 242 ol () Al & /NEAE A (G855 =429
Type A FI(ET + A9
@9 : N =9l - kg
TAA | AFH | T25 | FFR | T84 | AR | 3FF | § =R
(Foot) | (Fore) | (Mid) | (Rear) | (Foot) | (Fore) = (Mid) | (Rear)
1,388.16| 642.98 | 504.92 | 587.89 | 141.65 | 65.61 51.52 59.99

% 1 kg = 2F 98 N o2 he] 34t

Type A 0| 5(21'd) Al Z|CHE [N] Type A 0| S(2{d) Al 5 B5}S [ke]

141.65
» YHH|(Total)
B HF R (Fore)
= SFE(vid)
551 59.99 8 25 (Rear)
. : l
‘
|

A AHE ALAE AND G




4.1.23 FF A5y 2oz 24 Fat
D 2F A AAE Hash Su2e 24 A

7h A7d&(Tibialis Anterior) #4217}

7 18T B2 3e 7 =2 JEEREE Bt T T A4
£ QHHst Type AE 4101 308 B & HAST 289 ZnaEE 4%
A7 1.1492 Normalized MPF Zto] lolitelog mzw Aayrs}
e, iz ¢HASHKAD Type B 0.970 Hrth oF 184% =2 ko]
LFeRLLTE

ZZ N AAE HAIT} Type AS A1 608 HY T AAEZL 289
225 E =A% A1t 1.104%2 Normalized MPF o] l1olAtddo=m =
n2r ZAZadrt vepda, 2 PHsHKAD Type B 1.014Hth oF
8.9% =& kol UEtuith

uType A

0.970 mTyped

=TypeA
WTyped

(27 4-12] A% AT AAE AFBT 24 2
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(£ 4-13] 2T T AAE A3=L 24 2%
7= (Tibialis_Anterior) |
Min Type A Type B %(Type A)
0 ~ 30 1.149 0.970 18.4
0 ~ 60 1.104 1.014 8.9
%EHES) = { GIFAE - dx4u) / gix Ak} * 100 |
) H|E(Gastrocnemius) =443}
HMAL 1EY Y2 ge 7Y w2 SHREE Hdo FHF T A
AE et Type AE A 302 HY & HED 259 SH=zE 574

st A3} 1.1492 Normalized MPF Zro] 1o]Ar¢]

eha,

etk 2E 7 AAE S Type AE 4lX
o489 ZHREE
o= dNEL
Het oF 11.5% =&

Gk

==
=
a

43 s

o vhepgle,

or Juzk FFadrt
iz HASHKAD Type B 0.986 Wrk oF 16.5%
60 H3Y &
1.1842 Normalized MPF %fo]
b dehty, iz PASKHKAD Type B 1.062

E2 ol

W

1o

1.062

Type A
B Types

=TypeA
uTyped

(29 4-13] &

- 162 -

A AAE

H]

Jo
rd

£

o
i



(% 4-14] 2F L AAE 0= 24 g7

H] 22 (Gastrocnemius)

Min Type A Type B %(Type A)
0~ 30 1.149 0.986 16.5
0~ 60 1.184 1.062 11.5
%(SAe) = { OPIAE - oix4) / iz A} * 100

thH =3 L(Vastus Lateralis) ©A4127}

THAE 1He B2 g A B2 JHERE Hh 2HF A AA
F St Type AE AlAl 302 HA & 53 <59 du=xs 54
A} 14472 Normalized MPF Zre] lolAdeg ZozL AZAgir}
e, tixs SHFESHKAD Type B 1.097 Erot oF 31.9% %2 Zto] 4
el 2E S AAE FASE Type AE AlDl 602 HY §& o)=L
=89 Zoz2rE =A%t A 1.8432 Normalized MPF Zto] 104

og ZuRLE AZayrt veygy, iz oFESKKAD Type B 1.201
Hr} oF 53.4% &2 grol UERTh

rsh

soosza R N
Vastus Lateral lis.
60E 2ZYE 2LRE
1.843
Type A
ype
v Lateral /
233 B Ax)
‘9] T oL 1=
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(£ 4-15] 2F T AAFE 58 24 23
Q&34 (Vastus Lateralis)
Min Type A Type B %(Type A)
0~ 30 1.447 1.097 31.9
0 ~ 60 1.843 1.201 534
%(Tae) = { OPZAE - 24 / gz A} * 100
ﬂ-) YAE Y (Hamstring) A7}
TMe 1ET B2 s 7AW 22 SuELEE Hoh HF A AA
= Jdﬂ} Type AE 41X 307 H3 & JAER <89 duzkE 47t
A3 1.0612 Normalized MPF o] lo|AQler ZuzL AAFgrt
e, dizat FesHKAD Type B 0.982 Huot of 8.0% w2 #ol

Uehgth 23 A AAE QbES Type AS AW 6052 HE § PAE

g 2% 2HEzs ZFF Zd 10502 Normalized MPE ghol 10]4F
deoz ZEzr AFadrt dey, bz HSKKAD  Type B
1.0105c} oF 4.0% &< Fro] Liehgh
pEWAER 2R B
60 ?:ﬁlE; 2hz2s
A,
(29 4-15] HF A AAE J2EH BA An
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(£ 4-16) AT AL AAE BLEY 24 A

A E = (Hamstring)
Min Type A Type B %(Type A)
0~ 30 1.061 0.982 8.0
0~ 60 1.050 1.010 4.0
() = { ONZAT - dixA4ld) / iz A%} * 100

4124 HF A5 204 A5z B4 A

D AE AT AR

o
r [¢]
R
o
N
r -]
ey
2y
o
)
=
o
2]
M
o
!
i)

7h F3A ZAsHVAS) 24 At

@ AAA 2zt = digt T84 ZAsH(VAS) 74 A3
2ZE N AAE oFHSE Type A 8.404, tixa+ ¢FASKHK
AD 8208 or XF NE AlAlEC] HAIF HP Al mt
gt Aol tixt FHSHKAD Type BETE 2.38% ztstzt
o] &£& Ao= peprh

@ FBEA(FZH) T FHo it FA 22RHVAS) 24
23 2T AN AAF ek Type A 8704, diz=w oA
SHKAD 830 cg T ML AAIFCl FHEA F99 F
A, FAY ALoA tixat FASKKAD Type B Hth
4.60% Z3to]l w2 Ao Vet

@ AFEHFH) vigo FA' = g FHA ZSH(VAS)
4 A HF AT AAE HEst Type A 8503, tix+
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FASHKAD Type B 830Ho=z 2% /¥ AAIEC] ‘I
79 T4, F4E BLolA izt FASKKAD Type B
By 2.35% zepgo] =& AR Uyt

oFz](arch)§-919] Wty =ol gt a4 23RH(VAS)
w4 A1 HF T AAE 3 Type A 8304, thx
OFASHKAD Type B 8208 C2 & 7d AA|Eo] ‘ofz]i
1o B3t ekt Ao izt QPSHKAD Type B B

2

o 1.20% #sizto] & Ao

A A 2 N AAIE AR Type A 7.80H, dixt

HA2HKAD Type B 790802 & i AlAFo] A
TS A ek AToA izt FASHKAD
Type B Xt} —1.28% 2atgto]
s

B A EE QA =] o

dr re Ao

o
ToA 2SH(VAS) 24
A ZF N AAE FASE Type A 8.104, iR+ obA
SHKAD Type B 7.70 202 2% /Wi A|AEo] HEo| &
219l HLoA izt QPASHKAD Type B HEot 4.94% =
sHtol =2 o= UERTh

HF o

H

A oFF ol Z(EH) ol ditt 3 2SRHVAS) &4
A1 2E T AAE oFASE Type A 8.60%, izt oFA

SHKAD Type B 82080 % 7 AA|Eo] 4 2 5
o ool AmolA i HISHKAD Type Bt}
4.65% #akgo] & Zog et

Ao Zo' FEo] td FvH BHZVAS) B4 At
% A AAE oHASE Type A 8.60%d, hEF QHASHKAD

Type B 8.508de= ZF /T AlAIFC] "E7iet B2 AR/
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HAZ AL AAE oFHS Type A 8.50%, txw oFHsHK
AD Type B 8308 0% 2|F 7Y AJA|Eo] "HaF Al AT
A ol"drt AE'oA it FASHKAD Type B Hrt
2.35% #3shgto]l w2 Ao= Ve,

[E 4-17) AZHE SHR(VAS) 774 2sigr 24 27} (Unit © %)
A &= Type A Type B A %
1 AAAHA &3zt 8.40 8.20 2.44
2. FIEA(FSH) 74 8.70 8.30 4.82
3. FEFHZH) vig 9 T4 8.50 8.30 2.41
4. o}x](arch) {912 =gt 8.30 8.20 1.22
5 ¢S 249 o mgst 7.80 7.90 -1.27
6. B3 A U& A 8.10 7.70 5.19
7. A 4o Z(EH) 8.60 8.20 4.88
8. Alo] Zo] 8.60 8.50 1.18
9. BFZ/ALRA 8.50 8.30 2.41

DB(T7E) = { ONEAT - thxA) / tiz A%} * 100

- 167 -



5|

x
s
%

=+
Ik
A
J

t S} 2 (Fitting)E 7} vas Z 1t

bl
0
bad

40] XF

i
N
»
8

1. TH|

4
r
J

0.
m
9
o

8.70

2 51BH(35%) 24

8.30

3. YEHESE) Hretel 24
8.30

8.30

4, OFX|(arch)F-9|2| Hotat

o
o
o

~
0o
o

3 1

©
=
o

6. 23 Al EE oY

=
~
o

8.60

o
9
o

8. ge| Zo|
9. AT UL

8.30

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
EType A ETypeB

[ 4-16] 2F L AAE 04 ZolH(VAS) 24 At
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42 A7EHEA

4.2.1 7

AHE ol gstel

gre]

Aol Widd

E

"I_

Ears

A4 e]

2]
A AA

o|-§5to]

=
=

SEE

st

o] 7}

=
A

Jare] 2l 7

=
=

[ 4-17] d771e9 g&oF
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B
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A4A
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4.2.2 A

S|P I g ol I B o | e B

K

0|

7Fede A

o)

Hz AF =

YA

SHOES 7i&

5}

B HE

M=z v

)

ol

o 3

Hin

o @A Al

A2
@

9

glolge] 9

el 27l

S

(Tinubu, Mbada, Oyeyemi, & Fabunmi, 2010).

Hip

= o =]
}O]'—J_i, & =X

g9l

=44

1

mK
<

s244 7]
s

o
o

A

o,

I}

7ol

T
=)

ohjet 7|

St
=

o
oy
wir

i
Jo

o] 7x4 7]

s g Ael wet 24, 3%

o

A 2ol o

ot

1 glowl, ter

A
=

A A RE] ARsp) 7h

o}

)
%

o

ol

a7 =Hi A

w7k Al

5}

FH7e9]

Rl

O
==

=]

71&7h

Z|319]
(Taniguchi, Tateuchi, Takeoka, & Ichihashi, 2012; Zhu, Bai, Chen, &

=

A3 A8 ] B

Wang, 2013; Davis, 2014).
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o2 M, u-Medical, u-silver, u-Wellness 2z Hofo| wrE=AHHEZE

2 glom] oo me Aula AF FRE Wd E71d Aow d

o 2 2
I T
SLond oot

424 BAGTH H5H7 BA

4.2.4.1 Okg, 15kg, 30kg TF= =AY ZAYY 24

20~30t] EA4e ez FHF AdeB7 MY AAE HAst Type A
oF diza HASHKAD Type Bol wE 7ZlsAde AU E4= T
dotH 1zt St Okg, 15kg, 30kg THE =L3ZF
) dHlolH e A, HFH, FFH, FFFE HuEAR
15kg, 30kg TF=E EEAY dlolEolA Uehdes HolH e Aol
FTUSHAY FASHA dErth FE(QET+LY) WA BAdE T
ZHEE AJAE QHASE Type A7 tizat FHSHKAD Type BHt 30kg 5
F= 25 A A AFEAHCl oF 6% WA dEual HdEddEe oF
14% A yetdd. $3=s =49 Al 25 i AAE Type AZF o
Zat QEHASKKAD Type Bell Hlsf Te] HEHAS F7HA7IAL dof] A
He odE¥s BAAA =AY A TSt #Hol FoE AAAE Ao
2 wdHth(Farjad, Pezeshk, & Sadegh, 2016; Bousie, Blanch, McPoil,
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ABSTRACT

A Study on the Development of Personalized Health Care
System for Smart Convergence Healthcare
—Focusing on Development of Smart Shoes with Musculoskeletal

Injury Prevention and Monitoring System-—

Jun, Sung-Pyo

Major in Smart Convergence Consulting
Dept. of Smart Convergence Consulting
The Graduate School

Hansung University

This study is a basic study intended to expand the market
domain of the smart convergent health care industry with personalized
health management by focusing on work shoes for prevention of
musculoskeletal diseases and development of mobile applications to
monitor activities for prevention of musculoskeletal diseases. Details
of this study include preparation of the basic design of the shoes for
prevention of musculoskeletal diseases, making of the prototype,
verification of functions of the prototype shoes, embodiment of a
smart shoe solution for health and safety management of workers,
measurement and evaluation of foot plantar pressure according to
prevention of musculoskeletal diseases, bio—dynamic design and

performance evaluation of smart shoes, application of the IMU sensor
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and  measurement and evaluation of musculoskeletal  diseases,
verification of performance of the smart shoe product through
bio—dynamic performance evaluation, measurement of foot plantar
pressure using a pressure sensor, design of the activity monitoring
module, and design of outsole material compound for safety shoes and
midsole.

The weights of the three objects selected for the experiment were
about Okg (0.12kg), 15kg (16.39kg) and 30kg (30.17kg). The same first
and second objects (molds) used to evaluate bio—dynamic performance of
lifting work were also used to evaluate bio—dynamic performance of the
final prototype. To evaluate foot plantar pressure, maximum force
(allowable load) and muscle fatigue of the final smart shoe prototype
mounted with the system for prevention of musculoskeletal diseases and
activity monitoring care, four motions (preparation, lifting, moving and
putting down) to be taken by workers during the mold work were
selected. The following conclusions were drawn from the experimental
results.

First, analysis of foot plantar pressure of the final safety shoe
prototype showed that Type A or the final prototype increases contact
area of the foot and reduce pressure on the foot compared to Type B or
the control group, thus lessening load inflicted on the feet during the
mold work.

Second, analysis of maximum force (allowable load) of the final safety
shoe prototype showed that Type A of the final prototype has maximum
force of 1,388.16N (141.65kg) on the overall foot while moving
(running). While moving (running), maximum force of 1,388.16N or
141.65kg on the overall foot satisfied target allowable load of 120kg.

Third, analysis of muscle fatigue of the final safety shoe prototype

showed that Type A or the final prototype has normalized MPF value of
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1 or above after 30 minutes and 60 minutes of walking for all four
muscles including the tibialis anterior muscle, gastrocnemius muscle,
vastus lateralis muscle and hamstring. Compared to Type B or the
control group, the value was higher for the tibialis anterior muscle (about
8.9%), gastrocnemius muscle (about 11.5%), vastus lateralis muscle (about
53.4%) and hamstring (about 4.0%). This suggests that muscle fatigue is
reduced in Type A after long walking.

Fourth, analysis of wearing comfort of the final safety shoe prototypes
(Visual Analog Scale, VAS) showed that Type A or the final safety shoe
prototype has higher wearing comfort than Type B or the control group
on 8 items out of 9 survey items. This means that the final prototype
has similar or better subjective wearing comfort than the control group.

Based on this study, the work environment and posture related to
musculoskeletal diseases can be analyzed to develop the core technologies
for smart shoes internalized with a sensor that helps prevent and manage
musculoskeletal diseases in individuals. Development of products that can
prevent musculoskeletal diseases under different work environments can
greatly contribute to securing of human resources by managing workplace
health and preventing musculoskeletal diseases in the future convergent
industry of IT and shoes.

Development of work shoes for prevention of musculoskeletal diseases
and mobile applications to monitor activities for prevention of
musculoskeletal diseases can monitor signals during walk and work to
prevent industrial accidents through health care and working posture
correction. In addition, these shoes can be applied to prevent elders with
dementia from getting lost when they go out. With expansion of related

technologies, many new markets and jobs can be created.
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