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Kinematic analysis of gaits according to

This study was conducted to discover the most desirable height for shoe heels. An
analysis of human kinematics and gaits according to different kinds of shoe heel heights

was carried out.

Walking, which is related to the locomotor and nervous systems. is different from
running. It has some unique characteristics such as the double-supporting phase and the
pelvis-centered smooth connections with tension and flexion which can make it possible to

walk comfortably.

kinds of shoe heel height

Ryew, Che-Cheong - Ahn, Song-Gvyu

ABSTRACT

The specific goals of this study are as follows:

1) HMFUER S ToF
2) AlMoixt DESD MDA
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1. To analyze the variables of gait cycles with respect to shoe heel height.

2. To analyze the variables of linear kinematics with respect to shoe heel height.
3. To analyze the variables of angular kinematics with respect to shoe heel height.
4. To discover the ideal heel height to promote a comfortable walking style.

Limits of this study:
1. The processes of BSP and Yeadon-kwon were used.
2. The shoe heel heights investigated were 1. 0 cm (ie: bare foot)

2. 3cm
3. 5cm
4. 7 cm

3. The equipment used in this experiment comprised of: a Panasonic VCR: VCR analyzer
and analysis program: a Kwon “3D Motion Anaysis” package.

4. The subjects of this experiment were 3 female college students who are not used to
wearing high heeled shoes: all are aerobics instuctors, with an exellent sense of
equilibrium.

The model of the human body is defined as a rigid body system connected by 19 joints
(for the purposes of this experiment the nose was included as an imaginative joint to give
precise direction). In order to reduce any displacement which may occur during
didgitization, landmarkers were attatched to each of the 19 body segments of each
subject. The subjects were then asked to walk, firstly in bare feet, and then wearing
shoes with a 3cm, 5cm. and then 7cm heel.

A video camera zoom lens was used to record the subjects’ walking patterns
(RTD-LTO-LTD-RTO-RTD) for one complete gait cycle, and the direction of the subject
was defined using X and Y axes.

After the digitization and interpolation of all frames, the linear and angular variables
which are necessary for the study were calculated.

The results of this study are as follows:

1. The time taken to complete one gait cycle increases or decreases by a negligable
amount as heel heights vary. It appears that the higher the heel is, the longer the
length of each stride will be and the greater the horizontal displacement at the center
of the body.

2. When a higher heel is worn, vertical displacement is increased during the initial phaze
of each gait cycle. however when a lower heel is worn, vertical displacement is
increased in the final phaze of the gait cycle.

3. The average horizontal speed of each phase increases, regardless of the height of the
heel.
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4. The vertical speed decreases. regardless of heel height in any gait cycle, the speed

decreases with each consecutive phaze eg: in a cycle consisting of
:RTD-LTO-LTD-RTO-RTD. the initial phaze from RTD to LTO will the fastest
movement in the cycle, the speed will decrease with each concecutive phaze in the
cycle. The second phaze of the gait (LTO to LTD) will be slower than the first, and
the the final phaze (LTD to RTO to RTD) being the slowest in the cycle.
(Overall, the rate of decrease in speed in the last the last phaze of any gait cycle is
always slower than the decrease of the first two phazes, therefore we can put the last
two phazes together to make one final phaze (LTD-RTO-RTD) as the decrease in speed
is so small.)

5. For each motion variable, the difference in tension and flextion of lower body joints is
not apparent, using any heel height. The tension and flextion in the shank and thigh
is negligable with a 5cm or 7cm heel. The tension and flextion is the most apparent
when using a 3cm heel.

6. The walking speed changes little according to heel height alterations. The common
outcome is that there is a slow increase in speed after the LTO phase, so that when
supporting body weight on the right foot, it is very hard to move on to a new
‘centered” body weight position.

No problem appears when using a 3cm-heel, however when walking bare foot, there is
more pressure on L5 and on S1 than with a 3cm-heel, this is because walking is a
forward-motion and the center of the body is left behind when walking bare foot.

In conclusion, it is the 3cm-heeled shoe that is the most suitable height to promote a
comfortable forward walking motion.
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AF7A digeje] HPn PAE QEHQY HYAFE BH, By 58H 24 L 3
Cavagna¥, 1966). Beckett $(1968), morrison(1970)., Nelson %(1972), =(1986)
5¢ 8 g Udx, duAF FHEE 24 dEFY A+ EX Cavagna(1976), Robertson
Winter(1980) &9 7€ 23y 71M7 FY Aol M vlnddA ¢ Axgle B3
ATE AT JI2ARE AU

A FAAN v AN BAAAHE v wdte AF2A & Cavagna $(1963)% Aoz
Lesh%(1982), Winter(1984), MarinoS(1987)24 ol&2 AFdME F8 2HL& B
Ay B3 BlF 2Ego|=g Aol £x, T FF5TH FHM ZHolE FHslT}.

o dXE ByAAe 2AUAE dojy ALS A433S o HgaMe £ 2 3
Yoo A g HIdte F4E Holm Atk & Cornwall MW.5(1996), Cornwall
MW.5(1994), Amstrup, A. §(1996) &9 ZA$e BIyPA LHFA T3] Halz A
2o Z&FY oddHE, T FT ¢ AP ®Y Fa dFiyozr FU:,
McCallum, J.5(1996), Ebbeling%(1994), Snow%(1994), Nyska%(1996), Noyes
5(1992)%& Awe Hejel Eole WiE FrR A BPaiAolA ojudd Wi} slestE
A=AdA Q7.

Farley,C.T.(1992) Z4a®8 FH4Zsor Bz Dejrie oduyxid wzay,
Farley,C.T. ¥(1996)2 Az3tely & I {HF T8 €¥ o 49 B3¢ 8- A-
WAz Pde] AjAsle] iy AT, Farley.C.T.(1992)& 348 FHARE M Basn g7
9 AURA WA, Farley, C.T.5(1991)2 253 H(tendon)e AT 2t Zor] &4
quzle] HED AR By eyl 3, ERFY, WUIY F9 o|FLFS 43 viunEy,
J.M.Donelan%(1996)2 ¥4 #Al4ol&(dynamic similarity theory)& EW2§ Q32
o] 2FA W U Y9 &x FY L Ao vRe 9 5 A7}

FH ke gz S AP AFERA F(1989), $(1988), ©J(1984) 52 & +#
Uz, RExLAS} A £ A W] MBATFEA Alex, S 5(1988). Kameyama,
O ¥(1981), Katoh,Y. T (1983), Ohmichi, H. §(1983), Okamoto, T. % (1983),
Suzuki,K.(1983) 5& € 4 ddt.

Aol APAF go] By AAIS g A3t dAHD e dFlA, 8.FH 2
o] tpdd Aol e, 53] Aol o Folrt dFAH T Hu A7E Bolx e 7,
Aol Ad Adte] M3z, AR e 8 S maM iy 2P E B, 3
FHEL oS F SHTEY AAHY €5 e W 9% S v £ Y. g £ &
Folde 437l e BLHEES ez €9 xolg UJstd 27T 5 o/ A1 23
& o zpAle] Hslel ] RHE rleoA HEE dodle AE I FHAHA AL A
98 & £ 3le ARE At Bo4E Fu AFE s
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G Ao et A28 Holx e shedl Ade HAFoly gold wabM el Bzt
Aekd, stA e B3R Ad 2 2oz A A 9 A-JAAN-2&Z9] AY AN 7
2ol A 274 T2 A FAAY L4V ¢F5& ste W IS A F UAd. oY
g A AAYE Fa, ¥ droMe 4R e FadES e g9 ol o
gatA BRI FH Ao el Folo wetA RYPS AIZ S of BYPA AA e Aztel A ¥
Hel 71w MEE dedle AE wHdte A A dYE & F de A8E AA
gt Aol & d79 EAoin
olgigt A+ FH g d4dr] Astd g 2 AFEAYE 4 GAA.

1. A% "o golo wepM B Frlo wE& WHA( HPFIAL, 2Ego|e Zo|, AE
gtolz A, AR, o|FAAIE, RES ARANLE, 2K, HYFT|Y BF
€ EHEH

2. A o gold metA AEFHH AAQ(AMFH WY, =, AAMEAHS] g,
& z) 8 FAEe AAFAHY EFEFET AANEH AA R 2R F4E AAPH.

3. A el golol wetM FAYE ZEFHH AA(SAE ¢, &H, dEHYg 25 2 A
A, Ede A&x)e HHFYES FdPnt

4. AFEA 193 28E A Ypold webr WAel AolE Mz vind H A 4=
2 7HE FRAY RPRRAE AT AT FolE AAEH.

3. 80182

B A3 AF AgHE Bz FHE folo FEL H3lan, ojHE F71 s ofs
2e gojo U 44 A,
B F7)(gait cycle) : @29 A AA HR2oM FLF Ho thF A NAAZFAI7AA 71
2Eglo]l= Zo|(stride length) @ %l A HZoM FLI o v A PFZ7kA A%
gl A o) &3 A
2Egol= AJZH(stride time, s) :Fo]2 He A A FFAAM AL g A HFAA
Azt
@2 2] (single support, % cycle) : @3 Fo| ol XAz} HEZ3o e HAF79
A e B
0] %22} 7] (double support, % cycle) : B&F7 o d§ F 'do] FAld Ao Feolde=
23
o] & (takeoff) : BYPF7Ft to] AW E =g £
BE(% cycle) : B8 F7I5¢ FYdo] thA| AP E =& AF7HA AA e Y
21 H &z) (touch-down) @ % HFo7 AR g &3
A]AIZH% cycle) @ 299 Wi E o] 3 HEZA FLL A AT
2¥1Zol(m) : AAZIFL wage Foid YT g AAZES FLL o FE AHAA
A#l
B8 F71o] HF 3 (ormalization of the gait cycle) : €A & F71o] 3 WP &3 & A
B Z(cadence, step/min) @ B3] BF34
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4. AF HEHA

2 AdFE Agde 7ted oA A9Hdos T ALgE olgel gl

1) AMZAAE(BSP)e A8AF(Yeadon-Kwon) @ #E o] &3t}

2) 89 Eole 471X 2 T3P,

. iy

1. T#X}

2 A7 #AAGF H¥Yzle BF ol AR £l x| 2 oz ¥y 3HE hA
o2 3l HAEdon], Hio 4lxje BHztzto] Hold ooz A=AAE oz Ay
B, o] E9 EAFL (F2-1)I .

(B2-1) BgX &Y

o E X UE(cm) #HE (kg) A (yr.) sto|dl Zd
H.H.J. 167 58 26 ek 203
Y.Y.S. 165 55 22 e 15%
K.Y.J. 161 53 20 ek 103

2. 49 ol A Y

2 A4 AHgE HA¥Er7Ie A 27HAEZ PR &£ U & ¥y} #Pde
Panasonic Video(2Wl, % 60Z#H<Y)2 o|& A ENE 7] 943 u¥ide EAM7
(Sanyo, SonyAhH) ¥ M ZT2a9 Kwon3DENHAZ 734t

43 HAae A48 d3t7] Aozt HAPateidt 197 AA ) Landmarker® 233l
dAete] A a8 FolxF ATt dF sivitel HAle APAI Aste ko uis)
AR e 22t A ztoz MG ¥ sidele Fol BAMdele W=yt 283 xid
FxE =Y. ojd Fivlgle]l Adc e 60 Y/Bo g ¥, AR ATN=E 1/1000
Z7F HA . Fivel AEe] g8d 3 A5 —dad d¥xe 2z @2, 3cm, 5cm.
7em2 ol FolE wUlZ ALl HPsA AT ol sivlety F& AP/ By
W oW HATE- & o|x-9% Eiue-28% ojx-28% HAYE, o gAY 1
HPFrE 2HE £ UA=E 2FE%Y. ojw #Pol® HAZHAAFMY A AAALE
2719 Wl && A7 A AP Ave LA 1.5 A E A3 B3] 9y
A7 A ete BEE X, FAYYE Yoz AU,
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v | | X
. 7.55M
Tape Encoding o 4 1
v | 1 ) S Cam #2
Digitization . o el
<4 C
B .
v Lafivy :
Interpolation ” = , L3 m__
o / E
« v View.Field A A , ~
. . = 750 _
Linear Variables ; @
. < ; P - . n
« , “?o: 3D Motion Analysis System _
Anguar <m:3_L . m " v
« . | Camera=panasonic Viedo
Yo S shutter speed= 1/1000sec.
00G Variables MQE f Cam speed= 60frame/sec.
[ - !
+ 1 ;l_ﬁ \\ /
L S P
ANOVA X v \
/‘ P Reference ruler 150
cm <aY3-1 AgA>
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3. YH=Y ¥ MUHMEEAZ(BSP)

dA AL A EHEC 1970 TFAM &l AZE A Al 4" (Rigid linked body
system)22 A3, de R oM e B EEZAM ZE ITHPAA $Y S P38
gatdct. 2o #AH L 25 197H(E3-2)olz A FARL 14712 o] Fo] At} A
A ZAZALA g AMEHAEE Yeadon-Kwon(1994) 8 <) &3 31, ol 4lA
HAe 712HE st & dAetold TAEE § T A 24702 stgeh. o) ZH Yoot
tjRlgle) Aol ¢A9 #HY e (F3-2) 2 AdASFABE (E3-F 2y},

oL

(E2-2) 2EH OXIEO|FEAM

=M A =M Ay
J1 Reference Point J12 Right Ankle
J2 Right Hand J13 Right Knee
J3 Right Wrist J14 Right Hip

J4 Right Elbow J15 Left Toe

J5 Right Shoulder J16 Left Heel

J6 Left Hand J17 Left Ankle
J7 Left Wrist J18 Left Hip

J8 Left Elbow J19 Top of Head
J9 Left Shoulder J20 Chin & Neck
J10 Right Toe J21 Nose

J11 Right Heel

B A AE A AleE AdAZ2A AEE Yedon-Kwond) ZIAE A1 &3t%c).
4. Xig &Y

1) dRegte]ly % Az

#ogg vt HES YL ¥476A WA Encoding® #ohd °]& Kwon3DEA A
2" ¢AMd w2t Body modeling(BSP: Yedon-Kwon), Master file(data collction
information, Event & Phase definition, Data processing, user angle), Subject
file(BSP estimation), Trial file® ZZ A& cAElolHA] FHE Algslele ZHE F
oF 2713} Iinitilization) A7l ©& mf Z Aoty #A32] £l ek AR gelA L 3
gt txAlelelAd AE= o) FAAr XYY FEEA F Eto|de tiAgolA o] g&
HE e U2 AFHAY

tAlgte] o] gR5E F A4A L JIAH LAE Fol7] Hd v Zddeive] HR
(interpolation) & AlZithg £ A7 4o dad HAI(AS, &x, 7&5) 7 7
(499 &) & A&

2) A=Y

EARYH dAgel A 2 BAY(THE2-2>T 2. F 1470 - i@ 2170 &
AYH 714 E W Zg gtk dREe]A A xn, dAEe| e 2F R 4 £4 I
vttt HlYFE AEFEEA WY £8AME FIAUR, £F FERE HAEolAC] Aow
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Mgt gof Folof opE RYxtel REHYH EM(RUY - AdH)

t}A] Redigitizing® 3t 71539 238 FAAF
o}

3) W&
tzigteld € AFE 72 d9F 2 J1AH 23
o] WYE Fol7l &l A&E  AFTH(cut-off
freqquency)® 6.0HzolA e (filtering) & 43t
o=
@ XY (interpolation) : TlxlEle]A A 2Z}zte]
HEE BUAAII A% AL H L of ZYYZ
0.0199 ., & <d7dM 8" wge
Cubic Spline¥yeltt. t=A13t, y=t|A]E}o]
A AE, ALAY A AL-HFEALY] FUHE (332-2) oA 242Y
(ti,yDoA (ti+1, yi+1)olat & of < fi(di)
E AESFZ QA 9
y(t) = fi(di)
= C3i-di3 + C2i-di2 + Cli-di + ¥y
A71M ti<tsti+l
di = t-ti
C3, C2 & Cl1= 2Z&A+

y
3 G

Yied \\ <P
¥ Franfe i+1
Franfe i
. et

(232-3) (ti, yi)} ti+1, yi+1)8 A3t A @2 &=

1

FEy(t) e 2Z89 #49 AGE FASR, ZE AD-ZEHAM A&H o9

tiold RZE RE yie bE yOFF2 FEH 78 & U
Yj = y(tj) = C3i- (tj-ti)® + C2i- (tj-ti)® + Cli- (tj-ti) + y 7} &},

@ &5, JtEE, AAF4AY A, &=, THEENS
A EAY A HE Pid dd £x(Vi)e
Vi = (Pi +1 - Pi-1)/24t
e Al
Ai =(Pi+1 - 2Pi + Pi-1)/(4t)®
3 i9 F4AH FAR cgiv
cgi = (Pi(1-(pi/100))) + (Di - pi/100)
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= Pi + (Di - pi)pi/100
oqg714 pi = 29< £33 %8
Di = 99< ¥4 A
A FAFA sx9 sk e BEFY &5, VIS AEhEa FLsih

@ AAFA 94A, &z, /MEx A&
Ax FAFAHY 93 CGe
14
CG = X (cgi*mi)/M

=
cgie i A £d9 FAFH AXFR

mi & ANMATe] ARG FAIH U 24 A

Me 2228 HAE 24 222 P A2

AN FA F49 29 i BAYY £x9 4 A2 Y34 &3
gt

@ BEF9 ¥ &
gt go] golo wpebA L, 3tE, g ZhHlo] WEE 4EE7] e ol &g
#¥ = BAFH (global coordinate) & ©1 &3z, 2 @HH g HelZ(vector
ngle) & 4&3ict.
Aed A WEZE 13 29 A&x 9 230l A UlEEE 474 A2
3t
5 4455 wp = we/A + wa % EH.
wp/a @ ¥ A F £3 B Ao &z AV
wa @ £HAL] B L&z A7)

5. At@xg|

AeE EANAN g J2EAZFH Y9 gold w2t RPAAAN Hol7t YleAE 7
H37] Y3l ANOVA(Duncan) £4& FA#H AU SASE ol &3t H4&3ATh

m. dxda ¥ =9

2 BolMe dgd ALe Fd, 53 AL Yo Fold wWey dFRBEANN EYPRAE
8. A BEEY o¥F R 282TEY FEAHA €F2 e W ¥ A F sove
7Fg3tel A7 e FLEES dBeR Yo golE i3t £/ 5 ol HE3lx
Hg of Ao Azt a2 B JlwolA MEHE dodle AE FH3E o U

A, g go] gold MM By F7lo at& HY 4, AL Yo gold waN &F
A wAdE BN AA, Bel go] dale Mg zolg ME HIFE H K4 Aelst QA
oy olg 71EeR Ay A9 % JH A EYAAE AT ALEFRE A @
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Mg Yol w0lof ME 2YXo REUH EA(FMUY - IMF)
1. 2YFI19 gel

1) 2948 28 ¥ ¥

Ak Yo} golol mE Hy F FriFe 4 IHA i FAHLeADY O @ €42 &
o= S 3] Y&l 2% EATH(RTD), €% °o|F(LTO), €¥ HAGL(LTD). 2&8%
°|%(RTO), 2&% HAL(RTD)Z T3t 4 & e (H3-1) R o9 AFFE
3 Adge (33-2)9% 2o

Z RTDOIM LTOY ZwH7A Aol F/o ety =% 0.1666%, RTDAAM LTD7A
28A7He 2% HA 0.5009404 Hd 0.5166%, RTDAIA RTOZA H4 0.4868004 A
W 0.6778%, RTDIM RTD7HAl AA A8t HA 09778244 A 1.0055%7 &
25U

AAHOZ 28229 4 AW 2t IWvltt BT LA ol Mol ¥k
gk, RTDIA RTOZMA £ 8AIZeA A% 9] Fo|7t S5cm¥ W 28400 & s
ol W&l o B ez Yeiuitt.

(E3-1) go| solofl Mg Y #HFI|Set 2 Y X 2242 (sec, frame.)

Phase|R.Touch
Subs. down L.Takeoff L.Touchdown R.Takeoff R.Touchdown
H.H.J. 0 0.1833(11) 0.5333(32) 0.7167(43) 1.0667(64)
e YY.S. 0 0.1333(8) 0.4833(29) 0.6036(36) 0.9333(56)
K.Y.J. 0 0.1833(11) 0.5333(32) 0.6667(41) 1.0000(60)
Mean*SD 0 0.1666+0.0288 0.5166+0.0288 0.6623*0.0566 1.000%0.067
H.H.J. 0 0.1500(9) 0.5000(30) 0.6500(39) 1.0000(60)
3em Y.Y.S. 0 0.1333(8) 0.4667(28) 0.6000(36) 0.9167(55)
K.Y.J. 0 0.1833(11) 0.5333(32) 0.6000(41) 1.0167(61)
Mean*SD 0 0.1666+0.0254 0.5000%£0.0333 0.6166*0.0288 0.9778+0.0535
H.H.J. 0 0.1833(11) 0.5333(32) 0.7167(43) 1.0667(64)
5cm  Y.Y.S. 0 0.1500(9) 0.4833(29) 0.6167(37) 0.9333(58)
K.Y.J. 0 0.1667(10) 0.5333(32) 0.6670(41) 1.0167(61)
Mean*SD 0 0.1666*0.166 0.5166%+0.0288 0.4868%0.2697 1.00556+0.0673
H.H.J. 0 0.1666(10) 0.5333(32) 0.7167(43) 1.0667(63)
7ecm Y.Y.S. 0 0.1500(9) 0.4833(29) 0.6167(37) 0.9333(58)
KY.J. 0 0.1833(11) 0.5333(32) 0.7001(42) 1.1167(67)
Mean*SD 0 0.1666+0.0166 0.5166+0.0288 0.6778%0.0535 1.000+0.0948

azy o3 Aele (H3-2)9 AFZAFAA & & Uxol WEe F$ F(3.8)=0.18,
P>0.9057, 3cm? 7% F(3.8)=0.23, P)0.8730, 5cm% 7% F(3.8)=0.93, P>0.4713,
7cm$ 7% F(3.8)=0.20. P)0.89412A 2 I¥ el do] gold wahrM {27 3
g Bolx @& Aoz eyt may RgFr gt AN Fold ©E 3 L83t
2% RTDoIM RTOZA AgAZelA A% de] gol7t 5emY wl &840 & A¥Eol
o Hla) o AL Aoz JelgA ¢ FAHORE §oA% o] RolA) Yttt
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2) 2Egolz9 Zo]

B3r] Bt o wolo matr AT F AEZosoM FolE BMG AAds (X
3-3) 2 ¥ Eolo melr FAAL ARSE F Aoe (A3-4>9) B} W A RE
NP2 HF 2EYo|=E 154.73+23.79cm. 89 %°l7F 3cmQ B$ HF 2Eo|=e
165.80+t4.65cm, €9 ¥°l7F 5cmY A%+ 164.10110.67cmZ zHz el wp d9
Eo|7} Bold+E 2Edo|te Zely A HolAe YAE AT,

(E3-2) 82 solo] ME 2 BFI|Eet 2t IoY T35 22A2He] ANOVA

RTD-LTO
Source DF 38 MS F Value Pr)
Model 3 0.00027778 0.00009259 0.18 0.9057 8
Error 0.00407149 0.00050894
Corrected total 11 0.00434927
R-square =0.063868 C.V. =13.76705
LTO-LTD
Model 3 0.00062250 0.00020750 0.23 0.8730
Error 8 0.00721778 0.00090222
Corrected total 11 0.00784028
R-square = 0.079398 C.V. =5.861168
LTD-RTO
Model 3 0.00653719 0.00217906 0.93 0.4713
Error 8 0.01883039 0.00235380
Corrected total 11 0.02536758
R-square = 0.257698 C.V. =7.396854
RTO-RTD
Model 3 0.00303093 0.00101031 0.20 0.8941
Error 8  0.04058445 0.00507306
Corrected total 11 0.04361538
R-square = 0.069492 C.V. =0.071225

(#3-3) 28 F7|Set g2 Hojo| ME 2E2to|=2| HOo|(unit:cm)

. el height oHt 3cm Bem Tem
Subj.
H.HJ. 131.8 166.3 166.3 180.0
Y.Y.S. 179.3 170.0 173.5 176.7
K.Y.J. 153.1 172 152.5 160.8
Mean*SD 154.73+23.79 165.80%+4.65 164.10£10.67 176.23£4.02

22y (E3-4)0) ASAHE 2D Awel Yol Fold a4 F(3.8)=1.30, P0.3402
24 AR ZE $9T Ao|E Holx YYAT, WMoz AEJo=s Yok U &
o7} golR4E Aol ANE HYTH
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A w9 Eolo E 2o FEHY FH(FRUY - AYF)

(B3-4) 2YF7|st 8o zojof & 2E2l0|= Zol2l ANOVA

Source DF 8s MS F Value Pr)
Model 3 698.235833 232.745277 1.30 0.340
Error 8 1435.07333 179.384166
Corrected total 11 2133.309166
R-square = 0.327302 C.V. =8.107817

2. AMZBY el

1) #% 9 ¥y

T ~Eglole Bt ¥ Fold weld AMFAHE 3 € £ANUYE F IHEE ¢ AU
g B4 3 die (E3-5)% Zon, o Zt ZE Aol AST Aoe (H3-6), A'Ee Yo
Foldl wtebd Ax AAM2YPo Wale (2HF3-1)3} 2o}

Z Ad AP L Jeld 2€uAe P2 Y.Y.S.9 A%, 3cm, 5em, Temd] £22
2Zy b, :

g ~Egole Fob AMFAel ¥y e 39 W RTD-LTO7Ael Adxl A4
o] 26.66+4.07cm, 3cme #H#F 25.13%1.75cm. 5cme 7% HA 27.50+3.50, 7em
9] A% HF 27.96+3.27cm= 4 Jehd vl 3cme] A9rt A AL Aoz ey, A
¥ 5cm, 7em® €22 3A Jepgth, ojg g HaE B o o] IHoM AHFHY £HAY
€ Ao g Folyl E&E & Aoz et

LTO-LTD 2} ZddMde e A7 HE 97.70x8.80cm, 3cmd A% HT 78.66
+27.94cm, 5ecmo A% #FF 97.30x3.57cm, 7emdy A$ HAo] 103.76113.89cmB
2}zt vdepd b, o] A HA] 3eme A$7F /M ARz, A, Scm, Teme €22 AA
YERst T},

LTD-RTO=Wd|A =miute]l ZA$ Ha #3397 126.33+18.09cm. 3cmd 24§ HT
123.16+4.22cm, 5cme A HF 126.13+%6.35cm. 7cmS 7§ HF 140.16%
18.78cmZ Zzt vepd v}, o] FW A} 1Y AL £HAHE B AF+e 3cm, W,
5cm, 7eme €22 F7tste AFE B

vt|gto 2 RTO-RTD=WNA AMF4He] HE +HANAE RE @de AL7 HF
197.36+16.49cm, 3cm? 7% T 191.50x8.77cm. 5cm9 A% HF 167.13%
57.93cm, 7emd ZA$ 3F 225.23cmEA 27 Jdepd b, ¥e ¥ol7t 5cme FS7t 7t
A Ae Aoz JYeygn, W, 3cm, 7emd €22 2A Jepwrd,

zt A AN FAY HAAE FHEY nixg ZUQA RTO-RTDFHAA 5ecme 3§
£ Al9sd RTD-RTO7ZIA] AAZQ gL Ade W9 Eol7h ¥&4F & Aoz JeR
o}
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A gof golof e LA RPEHY FH(RNUY - 4

Scm T

7ca 2

(233-1) Ay go| Folof @ 8 AE2l0|=S M2 H WentH-|



RELRHRTH BWIR

GH ALY ASe AL FH wepA ZF 8 weps 74zt #ARAHYA e BY
g}, RTD-LTOZ WM& wide] 397 M2 3.3323.20cm, Hne 89 %7l Tcm
 AF7t e 8.20£2.04cmEM £ M7 F3%2, LTO-LTDAME 9 EFol7F Tem
o] A$7F 3.06£1.30cm, 5cm® A $7F 3.13%2.54cm, 3cm® A$7F 4.6310.92cm,
Watel A7l 460+3.77cmE 2zt el vl o Folst Y E4E AMFAHY £3EY
o & Aoz ey},

LTD-RTO28 Z#ola Hd W E H 8o Fojy WHo #HFE 6.60+1.68cm,
3cmd H#F 4.63cm*0.92cm, 5cme HT 3.53%2.10cm, 7cmd 3.60%1.70cm2A <
Al o] ZHME Aol 2 Eolyl ¥E4E AANFHY FARYEs ¢ E Aoz el
o}

vl 2t RTO- RTD%“‘—J A+-E 23 age] A% HF 51320.97cm, 3cme A ¥ 6.66
+0.58cm, 5em® A$ #HEF 8.20+1.91cm. 7emdy 73§ FF 8.93+0.85cmE ZZ et
@ o}, of TN = /‘"i-l—] o] o7 &5 FAUYY £F& o 2 Aoz Jewr.

AW E FHsIHE A BEAMo] AzsE e RTD-LTOS viAg I RTO-RTD=R ]
-5 Aol e Foj7l ¥E44E o & HAUAE Bin, By AYFQ LTO-LTDS
LTD-RTOY =@M e 4ol do Fol7t ¥€F5 F£AMY e o ¥ oz Jeyr,

olg| g AMFAY FHALS FAHYY SEAL ARE 2zt FH metA AT Yo ol
of wetd fo g Aojrt e A& HFT BAs (F3-59 Er}.

BelN EW FHEWMYE HFF ZI A% e Fold =dekd RTD-LTOZHeA
F(3,8)=0.39, P)0.762, LTO-LTD=¥¢ 2% F(3.8)=0.90, P)0.48, LTD-RTO=ZH¢9|
A% F(3.8)=1.46. P>0.296, RTO-RTD=4E9 A% F(3.8)=1.52, P)0.2812A~ v =
Aol afetA Alge] el golo wel FAHCZE {27 Aol F HolA ¥
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g gol golo oiE RYXe 2EHH 2H(FHY - A4W)

(E3-5) 28 F7|32 €9 =o/o @& 2AHFA +8 % +HHEH (unit : cm)

Subi Phase! ¢ 10 L.TO L.TD R.TO R.TD
H.H.J| Horiz. | 255(13.84%) 88.4(38.26%) 117.8(12.97%) 184.3(36.08%)
Vertic. 3.4 4.1 6 6.2
B | yg [Horiz | 23.3(10.79%) 105.9(38.26%) 133.9(12.97%) 215.9(37.98 %)
Vertic 0.1 1.1 5.3 4.9
¢ ks Horiz 31.2(16.26%)  98.8(35.22%) 127.3(14.85%) 191.9(33.66%)
Vertic 6.5 8.6 8.5 43
Mean+SD(Horiy) | 26-6654.07(13.63) 97.70+8.80(37.25) 126.33+8.09(13.60) 197.36+16.49 (35.91)
3.33+3.20 4.60%3.77 6.60+1.68 5.13+0.97
H.H.J | Horiz 23.3(12.21%) 86.4(33.07%) 118.7(16.93 %) 190.8(37.79%)
Vertic 34 4.1 6 6.2
3 | yys |Horiz 26.8(13.56%) 94.3(33.65%) 127.1(16.35%) 200.6(36.50%)
cm Vertic 2.7 4.1 8 6.4
Ky Horiz 25.3(13.82%)  95.3(38.23%) 123.7(15.510%) 183.1(32.44%)
Vertic 5.2 5.7 6 5.3
Mean+SD(Horiy) | 2513%1.75(13.19) 78.66+27.94(34.98) 123.164.22(16.26) 191.508.77(35.57)
3.761.28 4.63%0.92 4.6310.92 6.66%0.58
g | Horiz 31.4(15.99%)  96.8(33.3%) 129.6(16.7%) 196.4(34.01%)
Vertic 26 3.4 7.3 5.9
5 | yyg LHorz 26.5(12.95%) 101.1(36.36%) 130(14.13%) 204.6(36.46%)
cm Vertic 0.9 1.5 6.9 8.9
KYJ Horiz 24.6(14.76%)  94(32.74%) 118.8(18.03%) 100.4(34.46%)
Vertic 5.9 5.7 10.4 9.8
Mean£SD(Horig) |Z7-50%3-50(14.57) 97.30£3.57(34.13) 126.13%6.35(16.29) 167.13+57.93(34.98)
5.96+0.58 3.13%2.54 3.53£2.10 8.20%1.91
H.H.J| Horiz 31(12.43%)  118.8(35.22%) 161.5(17.13%) 249.3(35.21%)
Vertic 1.7 19 8.1 5
vys [Horiz 24.5(12.95%)  101.1(36.36%) 132.9(14.13%) 234(36.46%)
7 Vertic 3.2 3.6 8.9 5
cm Ky Horiz 28.4(14.76%)  91.4(32.74%) 126.1(18.04%) 192.4(34.46%)
Vertic 4.3 5.3 98 7.4
Mean SD(Horig) |27-9653:27(13.38)103.76213.89(34.77)140.16+18.78(16.43) 225.23+29.44(35.38)
8.20%2.04 3.06%1.30 3.60£1.70 8.93+0.85
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(E3-6) 2¢ F7|&¢t

MERBRTH WIR

2o xolol mE FAHSY sHE A ANOVA

RTD-LTO
Source DF SS MS F Value Pr)
Model 3 25.27000 8.423333 0.39 0.762
Error 172.10666  21.51333
Corrected total 11 172.106666
R-square =0.128029 C.V. =17.85085
LTO-LTD
Model 3 208.3625000 69.4541667 0.90 0.480
Error 8 614.1066667 76.7633333
Corrected total 11  822.469166667
R-square = 0.253338 V. =8.9638491
LTD-RTO
Model 3 522.1233333 174.041111 1.46 0.296
Error 8 953.2466667 119.1558333
Corrected total 11 1475.3700000
R-square = 0.353893 V. =8.465182
RTO-RTD
Model 3 5155.816667 1718.605556 1.52 0.281
Error 8 9018.380000 1127.297500
Corrected total 11 14174.196667
R-square = 0.363747 CV. =17.14919

2) AAMFHY &=

wax A Yol Eold me

ot

LB EEE

At

&x9 Z %€ RTDOA LTOZHA 4%

s7&E9 7
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AAFA £9 L £ASEe WE PHG ABe (E
D3 ool ANAY £ % FA&%e W F4E Yo 2%

AAHQ w3 AR 53
9 Hagel WAL} BT BA RTDEAA 2 2Rl Bebd 420e) \as}z iol‘a*i
YHP FHEEE XA b 2 3718 9 FRE LTDIH
ol LTOSIA LTDo} olale Z3ol4 AMSAe) 4+H4EE 43 doste QL 2

e <1\“d3 2>9+ é"—}

ozA A9 A

& Aol 93 Y Mol glo] Bahol AW mebd o3
4 27180z WasWA LTD WeIM RTOS| o2& &3 Hde 3 $58 ey
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RERBATH BX%

olg|gt AR E zt =W wetd HEF (E3-7yellA zH FUH Ao Yo o] ZFo
ubebr] B3 ¢Huiglel A4 RTDAA LTOFHAA HA;E B HA$e €

7em® AS #HTE 138.97+x6.61m/sE EI=, Hdst 3emy A$ 148,

5cme A$ 147.48%16.68m/s, WEe] 144.72£21.33m/s2M AT &
A Temd] ALE A A9 Aojg HolA] & & F Ut}

LTOSHA A LTDFHAR Al 4o HS 3cme] AS 164.56117.78m/s, o2l 7
S+ W2y 7eme A 169.11£21.41m/s oldo2 A Al 9| Eold melA HolE 1
olz] & Aoz 1eEhdrt

LTDF9EA RTOZE7R] 9 A% H43e HY A%e €9 Eo|7l 5eme A$EA
#H 155.36%21.41m/s, WELe AS$ 162.55%32.94m/s, 3cme A% 176.39+
23.45m/s, 7cm® 7% 181.56+13.08m/s& UEeldo] I Al o] Ho|o A
glo] 43 AW S YehlA £, a8y 71 FHEE7 2AEQ] FHE Yo Eols}
714 & Temd A2 Jelgoed, 718 = £HEEE B ALE 5cme A$2 JE
st

RTOZ®oA RTDIZHEAXAY AS 718 AL FHEEE ¥ FHLS Y9 &7t Teme
A4+24 #H# 153.28+130.31m/s2 Jegn, 713 & A$E 3cme AF2AM 170.80%
2.51m/s& Jelgc},

o] & FHY FHERE Yo Eold welA] Halel AoldM AT FAS Holx osh
o, Aol ¥eo| Fole} A@glol Bao] AAPH weld HAF FHEE AZe Frsle
¢4E& BEt.

FA&xo 39 RTDAA LTOZHY H$ 89 Fold weld 718 & A%+ 5cme
17.18m/s2 Jeigzn, 714 22 As%e Wy 7emd A% 2z 15.89+14.43m/s,
15.05%6.61m/s, 5cme ZA$+ 17.18%12.49m/s& UEIYT. o] FHA 9 izo]d
Wt FHE EA L Holx] ¥ Aoz el

LTOYNA LTDZH7A & HAEES 2 5cme 0.28+0.69m/s& AY3A Aol vl
#e BAon, Hdeo HA$ye dBEe 2.96+2.28m/sEA o] FH GA] Aol o] ko]
et £ 3F zle]E Holx| e Ao eyt

LTDIA RTOZHZAE ¥H ZE WM & FALLE B vl HAr} o 7
$+24 12.00+18.78m/s. 3cme A 24.03*4.14m/s. 5cm9 26.71%7.38m/s, 7cm
9] 29.17+4.79m/sE ZZ el v, 89 Fo|7} Eold¢E AL oy HAY 2
e Ao Vbl

RTONA RTDY ZA$+ ZE IRoM 71 FL FRALEEe ¥3E Hole Aoz ve
@l A4 7em9 -13.60+£4.03m/sA 5cm9 3.03%10.37m/sZ JESET)

o4 AMFAe) £ R FHSToIA ALl Yol Foldl BE EFE T, $4 S
oA ol 2t 2R +YSES Yo Folo] meb Watg AoldH YPE FE Mol

Wgtout, Algel Yol Eolst 4¥glo] uyo) AAW BAY BF FAEES Arle 37
st e 2Ath

57 £59 29T FYHW Aol Yol wolsh Aéglo) RE TN MY 2 §e ¥
A 7%+ LTD-RTOZFWel2, 2 vh3 RTD-LTOZBL 2 Yetdn, 714 H & g KBl
FHE By oixjgt B2 RTO-RTDS LTO-LTDIBL 2 Jvelygy,

Ql
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gt glof golof mE 2YXiel EHH M (FAY - 2AdW)

(B3-7) 2YF7I8Q gof olo| ME SAZH HZEFY ¥ FHSTH (unit : m/s)

Sub). Phase| g 1p—— LT0--L.TD-—---R.TO-— R.TD
H.H.J. | Horiz. 120.67 151.34 131.60 126.44
o Vertic. 14.727 1.89 9.40 -2.63
YYS Horiz. 161.35 197.38 197.18 192.24
k'3 Vertic 2.08 1.41 31.95 -1.70
KYJ Horiz 152.15 160.58 158.86 161.69
Vertic 30.88 5.58 -5.34 -35.63
Mean* 8D 144.72+21.33 169.76%+24.35 162.55%32.94 160.12+£32.92
15.89+14.43 296228 12.00+18.78 -13.32%19.32
H.H.J. | Horiz 140.66 169.78 163.62 172.76
Vertic -2.68 2.81 27.25 -2.46
3 |YYS Horiz 155.47 179.16 203.46 171.67
cm Vertic 18.01 3.33 25.51 -8.79
KYJ Horiz 149.82 144.75 162.08 167.96
Vertic 20.26 -0.03 19.35 7.50
Mean £ SD(Horiz) 148.65t7.47 164.56+17.78 176.39*23.45 170.80x2.51
11.86+12.65 2.03+1.86 24.03+4.14 -1.25%8.21
H.H.J. | Horiz 153.22 155.79 149.34 147.10
Vertic 12.83 -0.50 24.10 -8.26
5 [YYS Horiz 160.54 186.67 179.13 184913
cm Vertic 7.44 0.51 35.05 5.20
KYJ Horiz 128.69 158.03 137.60 164.53
Vertic 31.28 0.84 21.00 12.14
Mean SD(Horiz) 147.48+16.68 166.83+17.21 155.36%21.41 165.51+18.92
17.18+12.49 0.28%£0.69 26.71+7.38 3.03% 10.37
H.H.J. | Horiz 132.72 164.27 177.60 153.43
Vertic 1.89 5.28 29.79 -11.86
7 |YYS Horiz 1459 192.53 196.16 183.52
cm Vertic 21.35 0.26 33.63 -18.22
KYJ Horiz 138.30 150. 52 170.91 122.89
Vertic 21.90 1.14 24.40 -10.73
Mean* SD(Horiz) 138.97%6.61 169.11+£21.41 181.56%13.08 153.28+30.31
15.05+11.40 2.28+2.68 29.17t4.79 -13.6014.03

Ao] ML e gold waty zt AMEH NHAEE o] 83t RA, &, 3t

A, dige Z W E # I wheby MR, EA. S=EH, JME=AHE 24, A
A, A Yol golo] weby 2zt I wtd AR EA (global axis)E °1 &% ¥Z
AAE AN BPAAe FAHIE EASAT.

1) #4¥ 9 ol @& A % 2FEF

§ HYPFrIEt 4 U Lo A S PNT e (E3-8) R o9 AMAHY
W3 ¢ Aol Uebd subj. HHJIS 4238 dEASZ Yetd ol (21¥3-3)7# 2o
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HEHBRTH WIXR

BolA Zhige Ay HEsld Jehfz, oo i@ i, -, 23e %S Uehge A
o2 el AEFFRY A& UehdY, g RF, & do WiFFZE YehiY,
& 7 F¥o] AHINFA FEAA ] HT AW E JePR Aol

(2Y3-3)9 Wzle 29 Yol Fo|7l M¥, 3em, Scm, Tem¥Y BF 2 7 ZFH @3l
of wgts LTDA RTOZE AlelolM 7cmel A$ 718 & wiEIZ344e 29x, 19
Al o] golold LTDAIM RTOZ RN E 71 AL A&2F9 @48 B4

ojg{ g AHYE A 2E Y9 FolodjM LTDZRAM RTOE A& g =y 3
% LTDAIAM RTOZWEE A3 EYPFrIFL AEF FJo] @ 2Hz 2o ww
(stiffness) A3 o] oA A9 %] YUUT.

g B3 Frge dtEe e YL (E3-9) 2 (T34 BT F He e
o] 759 ol EMdle WS FYsiy, FHEYE AAAY H4PYE BH LTOFE oA
7R g ZZARE FAETs LTDFHe g Wi Adg FHE ¥9 ¥ RTDEH
o triZiR A 232E AUHE R od ZHE B o Yo wo|7t EFE AAde ¥

782 4+ 33, et ¥E35F AL 2HE EAH.

Tsum,

GeA 8@ AHE P Age Yo Folst £ 84T FEUUY TI L AL
o § Ae Aoz ueit
(H3-8) 2] Fold] @& 2} A o] A4 @ ZZEF (unit :deg.)
Subl Phasel |10 LTD RTO RTD
g | Mean=SD | -2.46%0.051 28150153 -2.4420.117 -2.40%0.08]
A Sum 246 62 24 4 -24
s [ MeanzSD | 2.01£0.110 1.959£0.079 2.14£0.05]  2.05+0.052
- Sum 20.1 43.1 91.4 20.5
o | MeantSD | -2.19£0.099 -2.872%0.169 -2.39t0.159 -2.24%0.051
Sum 21.9 63.2 23.9 924
- [ Mean®SD | -0.36+1.387 -10313.007 248t2.988 0.192+1633
Sum 3.6 927 248 2.5
wg | MeantSD | 5%2738 19525916 335%2449 44524183
4 Sum 45 390 268 623
s | MeantSD | 532738 19535916 3352449 443894
s Sum a5 390 268 572
o [ MeantSD | 52738 19555916 3352449  4524.472
Sum 45 390 268 675
- [Mean®SD | 5t2.738 1955916 33532449  44+3.894
Sum 45 390 268 572
gu | MeantSD | 623316  22£6204  875%3027  47+2.138
4 Sum 66 462 375 423
o [ Mean®SD | 6:3316 2246204  37.5%3027  475%3.027
. Sum 66 462 375 475
oo [ MeanzSD | 6:3316 226204  37.5:3027 483316
Sum 66 462 375 528
[ MeantSD | 63316 2246204  37.553.027  49.5:4.183
Sum 66 462 375 693
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Angular displacement(deg)

g go sojol M 2Yxle) 2EUY EH(RUH - AHW)

RTD

LTO LTD  RTO
i fllll‘[.
'_ LT
[ IIIIIIIIIIJ. \llll
- f‘
|

| L AL

T L 4

ll'llllll_l
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lllllllllllllll'llll
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Time(frame)

(333-3) THX HHJS| ge| =olofl @2 2t I¢Y &2 AN % 2]2
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NERBRRRF BIXX

(£3-9) 89| =o|o ot Zt IHY slEe A™ ¥ F2F2SE (unit :deg.)
Phase
Subj LTO LTD RTO RTD
Mean*SD 1.47£0.283 1.668%0.108 2.75%0.337 2.56%0.316
bare
Sum 14.7 36.7 27.5 25.6
Mean®tSD | -2.94£0.051 -2.927*0.160 -2.22%0.122 -2.94%0.267
3cm
Sum -29.4 -64.4 -22.2 -29.4
HHJ
Mean*SD | 2.11+x0.087 1.922+0.119 2.82%0.319 2.45%0.302
5cm
Sum 21.1 42.3 28.2 245
Mean*SD | 2.32£1.913 0.027+3.589 2.85%5.383 -3.06*3.269
Tem
Sum 23.2 0.6 28.5 -39.9
Mean*8D 5%x2.738 19.5£5.916 33.5%2.449 44 5+4.183
bare
Sum 45 390 268 623
MeanxSD 5+£2.738 19.5£5.916 33.51£2.449 44+3.894
3cm
Sum 45 390 268 572
YYS
Mean*SD 5x2.738 19.5£5.916 33.5%£2.449 4514 .472
5c¢m
Sum 45 390 268 675
Mean* 8D 5%2.738 19.5x5.916 33.5%2.449 44+3.894
Tcm
Sum 45 390 268 572
Mean*SD 6+3.316 2216.204 37.5x3.027 47+2.738
bare
Sum 66 462 375 423
Mean*SD 6+3.316 2216.204 37.5+3.027 47.5%£3.527
3cm
Sum 66 462 375 475
KYJ
Mean+SD 6+3.316 22+6.204 37.5£3.027 481 3.316
5cm
Sum 66 462 375 528
Mean*SD 6t3.316 2216.204 37.5%3.027 49.514 183
Tem
Sum 66 462 375 693

_92_



AL g xolol mE YIS PEHY ZH(FUEH - oty)

LTO LTD

3.5

R;I'D
/
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—v¥—S.bare
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Angular displacement(deg)
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Time(frame)

(283-4) HYA HHJSl §lo Eolof me 2t iy 3t&e AlX g 272
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NEHBPRETH WX

HEe B+E 4 o metA F BAY Fe (E3-100 % (2¥3-59 2on, 4
BO

T IERY

b & el Ae9 Aok diFe] A& A g 3em, S5emd] AS A I

A W3 Fde AF RTDAAM AlZeted RTOFEZA HAH oz 2ol & Fuor Al
Az ¥g ¥, A RTO oM RTD7A 239 Ztxrl A4 F7hste F4& 2o, o
A e B o B2, 3cm, Scmel BA¥e 2 FU1Ed Ao Fdo] Mg wetd

AR 2 235N A9l Aolg Rolx ¥ YRz Watel AT olshe

B At

(#3-10) gof wolof mE 2t IHY chgle 4™ Y F2JLS (unit deg.)

g Fee

g9 gol7t Temy Z+2A A RTDOA LTOSE7A € AS Aol & 2
B2 {FA3ch7t RTOYA RTDE oA ofte] 2Folse AFAE B},

Subl Phase LTO LTD RTO RTD

- [Mean=SD | 0.09%0.159 -0.295:0.158 -0.86%0.069 -0.51%0.268
Sum 0.9 6.5 8.6 5.1

s | MeanzSD | 2.97£0.067 3.213¥0.088  3.0630.084  3.02+0.042
- Sum 29.7 70.7 30.6 30.2

o [ MeanzSD| 0.01:0.137 -0.313:0.135 -0.9:0.105  -0.26+0.320
Sum 0.1 6.9 9 2.6

- [ MeantSD | -1.14£1.190 -1.213t1.425 -0.07+3.396 3.023+3.247
Sum 114 -96.7 0.7 39.3

o [MeanzSD | 5%2.738  19.5:5916 3352449  44.5%4.183
Sum 45 390 268 623

s | Mean=SD| 5:2738 1955916  33.5:2.449  44+3.804
s Sum 45 390 268 572

oo | MeantSD| 5+2.738 19585916  33.5%2.449  45%4.472
Sum 45 390 268 675

- I Mean®SD| 5t2.738  19.5:5916  33.52.449  44%3.894
Sum 45 390 268 572

o [MeanSD| 6%3.316 2256204 37.5:3.027  47:2.738
Sum 66 462 375 423

sor | Mean®SD | 6+3.316 22+6.204  37.5£3.027  47.5%3.027
. Sum 66 462 375 475

o | MeanzSD| 6+3.316 2246204  37.5£3.027  48+3.316
Sum 66 462 375 528

[ MeantSD| 6%3.316 2216204  37.5+3.027  49.5:4.183
Sum 66 462 375 693

olzig ZAAE YA Y ¥ F71FL 9 Eol7t Tem¥ 25 dHEA] A 2 =2
FEEFL FHAA @ L Y Folol I ZBHAA ZLFol ANE o] Fof A
A% ¢ F AL 3emd ARl A FRHE AA R 2FLEE dte A2 e

Ha @ F71E¢ Yo Eolodl WE XA AA F 2F9| HEE FHIAYA YA BE
g9 FolodA LTDFEA RTOE A& th& 29 A§ LTDAA RTOFEE A3 B
BT AE EFc] & FH=E Ho] WM S (stiffness) F=2o] € BHE A &Fo] AU

5o A Ao €9 Fo|vl ¥E&4F FEUHY 2F R UAEF o HL ez
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g w2 golo oE YRl SEHY EM(FNY - yM)

YEbSTE
HEe ¥ Temd W dEgEde] 4A &

=
Aol b TR AW 2 2RLEE e A

¥a o JH

T2 FHA ¥2€ & F A2, 3emd

2 vy, gepd el 3¢ ¥el golz

A3 BHNFHHAN & RoZ YElYn, dE 2 dEHe A= ¥ o7l ¥E€FE FA
Al HPapH 7l o] R AR FAES & F ULt
RTD
LTO LD RTO )
o8 4 4 4
04

—&— T.bare
—w—T.3cm
" —a—T.5cm
—&—T.7em

Angular displacement(deg)

-0.8

-1.0
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aened

‘-l..l..l.-l..lan
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o 3 6 91215182124273053363942454851545780

Time(frame)

(233-5) WA HHJS g2l Eolo g 2t IHY s AN % ]S
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HERRTARS BN

2) 9 Foldl e By FU|FG 4z ¥

zt =g Yo Fold mE ¥ FHY A&s Wie (E3-11) 2 (29 3-6)% 29 ®
A vehd Ao ZtE&xe FHe A3 MY e &2 E e Zrelt. ZHM )
g AAAA ZdE&xzo] ¥ e BE ¥ xojdA 3 LTDAA LTOZA Fasdte 3%
€ 2 ¥ LTO ol¥F LTDZA RE WA 7H¢ & #k& Edu. olF RTO=®7HA &
AP 28R E B F oAl RTDZIRA ©h4d 9] Frbste @42 Jehddd. o Axg 84
3 TcmE AN Uvix] o Eoldlde A9 vk ¥l F4E Moy Temd A
£ LTDZHoA Hzol w3 22 £%& H<AF RTO ©|¥F RTDZA Hx9 g Holy
A A3 F7E RA

o] A48 FHHH, Yo Eol7k Tem) AS 4 W wWE FHAYG &=y FHL o
g gold H3td vt REH £3] golo] Aoyt AnZA dojuhs 4o AtrdT

Eo A$E B (2¥3-TelA vehdRo] del golo] 4#o] glo] LTO oj@7tA A
& Zadle A4S 2oltsl LTOAF F7leld LTD A ¥ Hane 4458 BYT a0l
RTOZ W72 w2 A #H2scirt Al RTOZBRE F7hsle F4E Bed. 53 LTO=®
o Fele &g Frte AA FAMNE WA Ran SEIL FA FFA7 Aol
a Aztdct,

sEo] A8 THIE HFAAHQA W3 A Yo golo wekA] Aol AT RE ¥
704 F83HQQ e LTOZRE AF ¢U3 3718 BdozH &yl A4 448 "o
UA Zen HFe A%l de Aoz #wodd.

e B (2YU3-8)elA e} Zo] 2t ZHE WFLS BASE = oAz Yo
Fold @& HUE Ao|H & HolAx ¥ttt

LTO=Z®e] 57 AAAR & Zadte A4S Ho|trsl LTOAA H8 Zd&xrt 184
gy ZAELE Holtrzt LTD AF Hel WmE F7184E B3 RTOONE 2E H4As
71 A #Edet. §3) LTOYA LTD7HA19) 8% AXZAAM &9 F71 g4 d4e o
57 448 Hojux Edxn 7] YEog AlgH9 53] RTOYA RTDIZ WA el
E°17t 5em 9 A S AR/ A] dE e x5t b duEA FE8is 43 HolRe Ao
2 JEigo

ol oA Yelhd o Fold wE z IEE Z&xe] W3 PSS MY ARAA
TemE AT Uniz] o Folalde Ao v ¥} 4L HAoY 7cm9 ASe
LTDZHAAM o] Wiy 83 £= & ¥AF RTO °|F RTDZHA 49 @ 29 F o
Al AT F7HE 2. dtEe AS ANAA W FFL el gold mekM Aelst §iA)
%t 2 ¥ FHAAM FEHA FE LTOZE AF ¢4Ud 3718 BdozH =7t A F
AXE Bojuz] Raln AFe Al sle Aoz Jetygrt diE ZA$9 53 LTOCA
LTD7HA 9] &% AzFHeA w3 F71 34 @42 dE7 FAAE Holux E3lxn
A7l B AtgEv §3% RTONA RTDEZHAA ¥ Eol7t 5cm 4 S A7 o)
Heo| £x7t 7bg @uEtA F71sits 843 "ojAle Aoz Yeig
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g gol ol @E 2R REAY EM(FHE - dyH)

(£3-11) 8o =olo m& 2 2HY 2T (unit;deg/s ™)

Phase
Subi LTO LTD RTO RTD
Foot -1.7 3.3 0.5 -1.3
bare | Shank 0.8 7 -2.2 -6.6
Thigh -1.6 -3.4 1.5 7.6
Foot -3.8 4.4 -1 -1.3
3cm | Shank -1.3 7 -3.4 -1.1
Thigh -1.6 -3.8 4.4 -14
HHJ Foot | -3.8 4.4 1 13
5¢m | Shank -1.3 7 -34 -1.1
Thigh -1.6 -3.8 4.4 -1.4
Foot -3.3 59 -1.2 3.3
7cm | Shank -1.2 8.5 -4.5 3.7
Thigh -2.1 -4.6 4.4 -2.7
Foot -2.2 4.9 -2.3 3.6
bare | Shank -1.1 9.8 -5.6 5.1
Thigh -1.8 -3.9 5.3 -4.1
Foot -2.1 5.5 -3.8 -1.1
3cm | Shank -2 7.9 -4.8 56
Thigh -1.7 -4.2 5.1 -3
YYS Foot | -2.5 4.9 -0.4 16
5¢m | Shank -1.7 8.4 -2.9 5
Thigh -1.8 -4.7 3.7 -4.8
Foot -2 4.6 -2.9 -1.4
7cm | Shank -2.4 8.8 -3..3 6.8
Thigh -2.3 -4 54 0.1
Foot -1.5 4.4 -7.4 -0.6
bare | Shank -1.2 10.5 -7.3 -4.9
Thigh -0.5 -3.2 6 -1.1
Foot -2.2 4.8 3.9 -2.8
3em | Shank -16 8 6.1 -7.6
Thigh 0.1 -5 -1.9 4.8
KYJ Foot -1.2 4.5 04 -5.3
5¢m | Shank 0 9.4 1.1 -6.4
Thigh 0.1 -4.3 1.9 -4
Foot 1.8 3.8 -1.5 0.3
7cm | Shank -1.1 5 -5.3 -0.8
Thigh -0.1 0.7 1 0.6
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Angular velocity(deg/sec)
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Mg gol Folof ME X 2EHY RA(RAMY - AMTF)
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NEHBHRHA BXR
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g gol gojol mE 2YXio 2EHRY FH(FMY - AdM)

<
[N
rHu

2 ATE g Aldel Y, §3 M) o Folo] wed YR4AN R
g2 31 2UEY 43 ¢ 2RTEY FAAY BEE e O I¥E 71 & doke
sl 4371l A FAEES WYLZ ¥e) ¥olB TSl £RE W olg Hgen

M MHE dosle AE FHEe o Ut
HolAx, APAe AL o Fold ofF Hgo

MY o e wsh Bx 24
1% Astel e HPPEL 9N
9 ge oAy 3302 surh

ol

o>
e
X

1. £22A12 & MESE

e

B8 FrEe Aeel golol BE ¥4 28479 A% RTDAM RTOZA 2842
oM A Yel Eol7t Semd W AAR] ThE Adolo] val o AL ez v
HAW FARORLE K@ Ao|E Bolx Ak}

xEgtol= olold We Eolrt ¥old4 % WA olxe 4L vy
AAZFAS FHUS A sk TR RTD-RTOZA] AR Aggae dge o
o gol7t ¥24% 2 Aoz vy

Z29glol BegAla W RTD-LTOS ®hx% RTO-RTDZWe} 39 Ao} ¢
o Fol7t ®¥&4% o 2@ 4£3¥AE BEx, ¥yol YPFY LTO-LTDS
LTD-RTOS ZReldE A2 Yol Fol7h 2&45 43 Wss 2 Hez veyn
2Ry $HEEE Y9 Eolo) mebd wael AoldN AP 4L wolx wten),
Aol Yol geolst guglel ol AWl mehd BFE 4% 29 AAE Frse
T4 BT

LTDeIM RTOZHelA 4% Yol Eol7h Eolds s AMFHS FASSoN Hole
44 AAE Aoz vsgon AN ¥ golsh 4¥ge] LE FANM AF 2 @
< HQ A%+ LTD-RTOZ®He|x, 1 ¥ RTD-LTOZHLe=2 Jeign, 713 A
< @E 29 39S 1Y X7 .89 RTO-RTDS LTO-LTDIREZE ey

(SRS

&

)

®

© 58 @ 3715 dARPY A L 23 PN %] AS BE WY EoloIA
LTDZ®|4 RTOE AMS@ the Fdold B@F75e A% 230 @ Huz el
W & (stiffness) AHel | YL, 59 A ALe] Yo Fol7t ¥L4F T8

BHe 25 R AAEFol. dEY B Tem 2F dEEAH A L 2JEFS F
HaA] 32 s ZaHNA e g0l dE EFo] FAF2HE AL ¢ F AU,

3cme 5ol 71 FRE AAH R 2FLFE e Aoz vEEH.

T Z&e FFE B BEHCAM TemE A vUniA] o FoldMe A W%
Aoy, 7eme ¥ LTDIREAA Hze wiF 2F £x& H¥U ¥ RTO o F
RTD7HA] H29l & ¥ ¥ gA FAE F71€ Hol, & ¥ Folde AolE B
At &EHY BF AAAA FAM zAole YAUAT. ZE ¥ FFHAM FEFAUY S
LTOZR AF &g 718 B 3L & ¢ AAZFS AM FHALE Hojux

()
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NERBRRR RAX

2% d4og Atadd.
e 73$ LTOAA LTD7HAlel 8% AAFdcA axtgd F71 34 382 dEH7
FAAAE Holux] Ratn 7] o2 AtgEH.

Aot 22 ARE EUz & o A8 Yo gold oM BYPFIIEL dojute MAF} &
A QA ol FHT A FAHLZE FHT AlE Role AL iAoy, U
2 A ¥ golo whekM IRE, HAE 4 Aort TS ¢ F ARG

EF 4T AU AEe Yo gol7t ¥E4F 3] A AX 2 29 tEEAE
AASe 2] dev, 53 Tcme A4 dtE s dEHAM F AL 2PE e d FAQ
284 s, BEEY TFS F2AA, 25 RS FAE A2 Fxdte Aol 3
=€ €7 der, 3em? BFol FAEHAM /M FRE AW R FTF FE e Ao

Yebge,

Ho
2 A3 Eyge T2 dYoz 207 A ez 4t FLAME /ASe Rl AEH
ojch. watA wiite] AL AMFHel ez $AX, L5/S1549 349 Fs AUA
ol FAAA Rygole APy AtaET.
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