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ABSTRACT

The Three Dimensional Analysis of the Upper Body’s
Segments of the Elderly during Walking

Kim, Hee-5u* - Yoon, Hee-Joong - Ryu, Ji-Seon - Kim, Tae-Sam
(Korea National Sport University)

H S KIM, H ]. YOON, J. S. RYU, T. S. KIM. The Three Dimensional Analysis of the Upper
Body's Segments of the Elderly during Walking. Korean Journal of Sport Biomechanics, Vol. 14,
No. 3, pp. 115, 2004. The purpose of this study was to investigate the kinematic variables of the
upper part of the body for 8 elderly men during walking. For this study, kinematic data were
collected using a six-camera (240Hz) Qualisys ProReflex system. The room coordinate system was
right-handed and fixed in space, with righted orthogonal segment coordinate systems defined for
the head, trunk, and pelvis. Based on a rigid body model, reflective marker triads were attached
on the 3 segments. Three-dimensional Cartesian coordinates for each marker were determined at
the time of recording using a nonlinear transformation(NLT) technique with ProReflex software
(Qualisys, Inc.). Coordinate data were low-pass filtered using a fourth-order Butterworth with
cutoff frequency of 6Hz. Three-dimensional angles of the head, trunk, and pelvis segment were
determined using a Cardan method. On the basis of each segment angle, angle-angle plot used
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to estimated the movement coordinations between segments. The conclusions were as follows;

(1) During the support phase of walking, the elderly people generally kept their head the
flexional and abductional posture. Particularly, the elderly displayed little internal/external
rotation.

(2) The elderly people showed extensional and external rotation postures in the trunk
movement. Particularly, It showed the change from adduction into abduction at the heel
contact event of the stance phase.

(3) The elderly people showed almost same pelvis movement from the flexion into extension,
from the abduction into adduction, and from internal rotation into external rotation at the

mid stance and toe off of the stance phase.
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B(walking) & A% AWl AE AGe] I3} o|RAAE A ofF £F9 A A1EAY
g Felolth RYFAL Jua) Rl 10:d708) A 2AZo] 23]

46}1 ”119% 329 oAg) EH50] 23FA F-3(coordination)H o} YehlE EFF FHol0
A e, 5 AZL e MR Add S fASe vy, 3ES A 3 vhee
% ?lrxé*éﬂ FAHE HH R 2oz A AA] wEH) -5 38HBeck et al
1981; Wilson, 1987). HZ B3dl] tjg A4 FolrjoA =d7] & %}@H%oﬂ o|27|7HA B
A ool BAM qrgFatA olFolAm Uk 58 RaH A 2dR HEE AFE LB A3
7t 48 g8 get dv)e A% gEd B3 #AAlo] B 1%’-011151 A AAol
wdzle] Bad g J2 A7 Aol AHSHIE ol g5t AFol 747 tE Fd

o ApgA o g dojus AA Fao g A7t e)FeiA 1 gtk

Shumway and Woollacott(2001).2] €17t ¢)3phd, 7)o A9 thEE B3 Al AEHQ) 24
FL7F dojdrr Rudta ok Axo] A3 =UEAAR FL AFEE HE F871 9w 3l
A dojus, (i) A oleldt dite] Frkstn Aoa Rulch Patla et al(190)2 =
7) Hae] zAeg #H dig d7E FETAY Fuolsh WEo A7, dutHeR k
719 B A ARE TFA2HY Aoz s ¢ FA(center of pressure)o] & A Fo] doj
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T =982 24 AAETH AAd g Boh g8 ARE
% VL& o] &8 v 3, g IFA4Y A4S 38 5 Addx
g A4 G4 9 FRE AANE Dongs AX A% F49 Aot 8B A

2 4(center of mass)& AYE F =N AR ARMERA Qelo} 7] WLl A7
< H$85 Y (center of pressure)?] W7t AFFA AEEE AATITn & AFH(Winter,

N 2

.L‘Z.o_?i

9%0). olzia AHEAL AFEY B9 Aol ARHoz Holrl AN FAZNY 5B A&
] Aoz #ddo] Aoty Hel JckWinter et al, 1998). 1822 By Al AAe FY47
S B3] AME a9 YR oh AAlY THYS BET Bavt ok
A HZ YRS Fo AR A2 £58H Zu AojgtH e oss
A& Bolal SltHAnglin and Wyss, 2000). £3] =d7]dA BY £ e Al 2948

Getdoz EAsn FRCGRV)SHE U By A U 499 UL AT B odsE
H AXE £ 4 ok 2d719 A EF e g a7 =dr)y 94, 2H 5
A 715N E 2YFOEIA APABE AT 8L A, FHFoR AT AYE 29T
= 0 =UedA Ao Fag APz QJ4s3n lrk(Kauffman, 1999).
= dez F HY 249 &F € 59YH dAFe AF7A F2 A 33 Hof o
FOAL e Aot AAZ Ui A7t 1y A BE, BE AL ¥y T NFEn
O. Winter et al(1990)& & 493} 34 ol Uehis RS was A7 A4
B £5(cadence)®] FEF Aolw 1A, HA(step length)o] #olxn FZ 224 7Hdouble
support time)o] Zolx]n], 2217]8) Yol FaaA Hed, olgid AL F o QAT IAAY
Ry 37) 9% 54z 34tk &559 AES(1949)0 J3ha §7AHARA Y dA =9 o
BHE 02 Adxee 52 4S o) FH A (stride length)a} B447F 7H4dl, B3 2 x|(walking
support)= 7} F7Hghcka ST

ojddlM AHE vigh o] B gt A sl @A o]FoAn AW, B Al AA
o T g E4F A AU UG Aol FHEo o) FoAn gk FAT AL A
B AR et glon, Ba) A 34X Bot ozl AAY FEL BY B4 AAAE
S AA Y FHYoltHDegoede et al, 2003). weky B3 A} A o] tig gAY A
o doo] 8FHH, o] 93 o] AFME By A =d7lq oF A ALY M) @
HEAE FohT] A AR F4Y &, HE, BE 30 2YS 349 25 ZddA
A8
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AT A 4E A B ojud WA Adte] 700 FA k9 8%
> EH”Z} H A%, AF A 2Ae Zojgt S 2A4sgon, T3 BAH FAH 9= B
o AgsA F337] 98 vl2d 237)1E o) &ao, Al(shoulder girdle)st THAFAREZ

(pelvic anterior superior spine)9] #-$ Z£& ZA3¢uh.

E 1. m@xtel MAH £

Factors Age Height Mass V\id(t;h \2?1131 ?;;‘;\1 FI(:: ga;n
Subject o) lem) o (g) (cm.) (cm) (cm) (cm.)
A 74 1627 687 317 330 292 %38
B 72 1604 679 332 301 280 38
C 76 1633 618 3.4 295 306 2.2
D 7 1653 498 313 289 2.0 2.4
E 72 1652 624 320 314 304 271
F 74 1600 626 22 290 29.0 08
G 76 1661 653 37 316 323 2%.1
H 7 1704 848 307 326 319 261
M 735 1642 654 323 308 301 25
SD 177 337 976 1.07 161 151 146
2. AE Ay

AXNE Az} o] Qualysisite] Motion

o] Aol AT MRS BARNE <E 2]
¢ Qglom, 339 HEE ©4F JE AL MatworksAe

CaptureE o} 8-3to] 3219 #x gk
Matlab 652 o] &3t} BAaqTh



E 2 dgEslel 54
)71 A Az
ProReflex MCU Motion Capture Qualysis
Epp NLT Qualysis 130 440 type Qualysis
° Marker Reflection Marker Qualysis
Computer Penttum[V Samsung
Software Qualysis Track Manager Qualysis
A7 Visual3d Qualysis
Matlab 6.5 Matworks
3. AEEA

28 49 98 WA NLT $A8E olgal] A28u8
40, - 250 20 % 6rhel sholekProReflex MCU)E AsHck & 4Rl
E Iy BRYH 2R oA 482 e 49 H9S 2N
1, 7 BARA $ARA VB WAt v REAGT Ba 230 24 g AA @

3% o, A

07471
%, B4 golz

SR L
=4

mim =y
4=
xS 0 3

1

34 Jug 123 ARE FE37) 98 29 aga]aan o] Ai(standing calibration)S AA]3}%.0.
o, 4Pz AL By FHo] o]F 7] 8 B HolA Al M ukE 94 &
B AdYo] o)FojA B3] By &&= 9 A % nHEe EQlo] 7P Adie F4oE
A 4
t2 X2
3219 F ¥+ Qualysis AL2] ProReflex MCU(Motion Capture Umt)?}vﬂi} 23 I g
E 53 4L doy g txt Y2 WEAZ 5, Matlab 65 Z23PE T3 3344 A4S 4

H}%‘\C}- 5"—‘4 Al o)zd o3 ext AAE 93| Butterworth 23t AH %—11— B (low-pass filter)=

Ao, F% 28 99 334 4%
o g o4
Yzx, Zyx)A7]<=

(flexion)} 2 & (extention)-2

2% 5(smoothing) S1AL, AT %3}

S 60Hz2 43T

AR <ad >3 Zo] 7Y wHA
3o} 483t Cardan W&
wHo g, olF Xyz A £A4 FIFE AESAHCole et al, 1993). =
W - 9244, YA (adduction)# ¢ A (abduction)& A - T3 A, 1)

-iiil Z(internal rotation)¥} 2]Z3] A (external rotation)& FE o)A o]

=2 v
a*r‘z‘}

%-—3— U= gy 3w d&

FEAN Bike |

A7) 1, Cardan

3 A (Xyz, Xzy, Yxz,

—‘él.‘ﬂ.

gojdth 53 4% H4%4

of oA, + e ZFZ(flexion), A (abduction) 221 YjZ3]A(internal rotation)S &j7|3h=



: Head Apex

: Left Head

: Right Head

: Left Shoulder
. Right Shoulder
: Sternum

: Left Asis

: Sacrum

. Left Greater
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B3 FH L)z FHSIP ; stance phase)d 29 ZFHESWP ; swing phase)o.2 1}Fo] 243}
Aon, 3 g AL <ag 9 2k

i

P1
Event Phase
1: 94 22 =
E?} : 91; o]x} Ei _?.322 P1: XA 3HEIRE E371X)
e = o
E5 : gt ) P2: 2% FH(ETE E57HR)




1. oj2el Fxel W}

<# 3¢ vlE] 324 4% W3 EZ Event¥E Ueld Aoz, 9 HAd N oL i X7
A AR FEn 29 U 1 2EH =S Yepd ol 2ga BN + ¢S ZF(fexion), 9
H(abduction) 12]3 =3 H(internal rotation)g Ju|ah= gtolw, - gt AlA(extention), WA
(adduction) 12]11 9= 3] H(external rotation)S ¢]w| gt}

¥ 3 of2|of 3ty Zt: #ig) (EH2l: deg)
Event E1 ) E3 F4 E5
Subject F/E D/B I/E F/E D/B IJE F/E D/B I/E F/E D/B I/E F/E D/B I/E
49 35 37 45 47 64 42 37 33 43 37 33 46 26 39
21 31 03 06 27 32 -18 40 50 01 21 10 47 25 33
58 07 04 41 12 21 08 22 23 19 27 27 17 04 32
22 04 15 31 07 14 30 16 08 38 04 03 52 06 01
79 08 02 85 06 14 76 16 10 92 00 02 70 -13 00
24 12 22 28 03 13 02 34 12 04 22 21 26 03 21
66 -05 23 28 -10 -19 17 18 05 23 20 04 27 41 23
25 03 03 29 17 34 03 15 13 15 04 00 05 -05 20

43 01 09 35 04 22 20 15 06 28 07 12 36 -07 07
228 183 168 253 222 236 290 237 250 304 211 139 212 20 25
F/E: Flexion and Extension, D/B: Adduction and Abduction, I/E: Internal and External rotation
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Eo| 93y, 2EFo|S FEY LE HUAY vz $HYe T W2 AN 13
$740] olFolAt Aoz Ytk 22} WHH 942 29 JNE AYA o) Be B
A% BYEE, NYA A D 293 Fe AWACD + 3o AAANE R wld), W8 C E
Jeln He 94894 248 F ydes A8de Aoz ey, Ju B G A%
o2 - ol A Hejol A Rashs Ao Uehtth B3 ) - 942 H39 2499 o
#74 gol BAE Holn YAW, YEYAlN 9EHHo2 L SN YSHPoz A
RN gHolt B4 Relt olag Wik <1 3 4, 5 >4 2 & Y%, 2T .y
g 92889 $49 Hsldl JolNE Ao + ke HolwA vlels 233 YA A7
Aol BAER) o ToiAE Aow Uik, Was oHel $29le] YoMt Hux Dol
Be WAE HolRA - 919 $HY02 HYshe Aoz et
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InVExt rot{deg)
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Time(%)

a8 5 ogle] W - o[ F3H dME

< e E%oi} tﬂ& $49 985S Eventdz FE3 Ushd Rolw, <18 6,7, & BE

39 «Is} %J-ol o] FoA = o FAAINEYE Aejsta, R3] A FhAAN A
FHE Hola AT, HPA o] 2 VAR BYPsie Rog Yehdth £3] UPA A B F 1
2|2 He Aoz - gh& Holx o] E5o] A" ANZ Rysin Y= v, J¥A DY
Gz £%°] £93 233U dAA Bao] o|7oxE Aoz eyt WAG 949 44 3l
AME A T E1% 2914 - 3 JebiEN A7 WAE AHE Boltrt o) H(E)EHR
B+ 3 HojdA 9A e 0 YEeAg I3 Ge AAHY Fo] - e BolHuA
A7 HAE FedM BFE] o)FoxEe Aoz Yehgth W - S35 AY 2F Y 3loiA
T AkEog - gog JFI A FS Holm JIAW, FYPA o & AAE BY 53 9
a2+ Agt He| ¢ te a5 Ho 2 92339 s vehla gle shdd, 9383 Ge
+ 3E 2o 550l WEIA 9 deolAq mygste Ao vehgth
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¥ 4 889 37 4T #g) (Th2]: deq)
vent El E2 E3 F4 E5
Subjet™~._ F/E D/B IJE F/E D/B IJE F/E D/B I/E F/E D/B IJE F/E D/B I/E

A 20 24 70 27 26 -14 13 45 46 -12 32 82 -17 18 -78
B 29 -18 33 40 -17 30 -23 16 52 59 03 42 76 21 -24
C 79 12 -18 88 -6 -10 82 45 40 81 43 42 80 20 01
D 04 00 -24 16 01 21 41 24 23 17 17 -36 10 -01 43
E 04 -39 26 05 00 -19 -10 26 02 01 -04 -07 -13 -32 -08
F 63 20 -24 47 30 23 47 16 39 45 12 35 55 -23 -19
G 48 44 44 28 41 49 06 31 31 25 52 02 37 -68 12
H 19 20 -81 06 00 48 -17 22 94 10 02 -111 38 -17 -73
M 006 13 -29 02 10 -14 18 20 33 00 06 44 L9 -6 -29
sh 449 236 376 435 209 282 359 238 373 435 28 371 505 28 328
F/E: Flexion and Extension, D/B: Adduction and Abduction, I/E: Internal and External rotation
11
8
o~ 5 o~
g M O M+sSD § O M+sSD
% e, N 2 —
E o 5\;-0/2:30 40%80 9?)\1 0] K M-SD é X _M-sD
~4
-10
Time(%)
3% 6 859 23 NN gag oAt

0 60 70 80 801

Int/Ext rot{deg)

Time (%)

3% 8 B39 W - AF3H du=
Ef"M FA9S HEE Y <39 6, 7, 8> o3d, 253 439 494 doMe 25
AA-EZ-AAY WEE Holx gler, i - A gAY ojMe A fd-gA-fA e HE
s 5 ]‘:‘4/‘1 Ho] o]Foj= Aoz Yegy, Wl - 95339 %4°‘°ﬂ QKoiHe Ao F
Fol 53R e HoluA WEHA-IFNA- NS -5 He PO HPdhe ALE
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Yehgth 53 AR 2we &4 705 29 2w 447 P4 BEY WA 4, -
92349 $39l0] 27 Wahe Aoz Uy

<# 5>& Fte] g £49) WEE vehd Aolx, <ad 9 10, 11> W9 FAY W

¥ 5 3He| 3xpy T v} (2] deg)
Event El B E3 F4 E5

Subject™~_ F/E D/B I/JE F/E D/B IJE F/E D/B I/JE F/E D/B IJE F/E D/B I/E
01 34 19 44 14 10 51 04 83 02 -11 06 -20 -30 138
21 04 79 29 69 32 27 18 19 23 24 31 29 05 107
38 48 36 62 11 15 60 35 40 19 32 -13 22 53 42
26 02 67 32 01 -4 36 25 23 25 16 05 -10 02 27
01 39 39 05 02 17 09 26 36 00 06 06 -13 34 40
62 37 41 53 12 23 37 04 39 42 02 03 -65 27 50
04 56 04 55 12 39 26 31 20 00 44 -25 03 27
24 17 22 27 07 48 34 32 94 39 06 -38 42 31 28

-l6 -22 45 03 21 -16 09 12 -38 -17 01 -08 -23 -23 42
293 198 210 398 258 201 407 225 387 209 181 241 252 18 289

F/E: Flexion and Extension, D/B: Adduction and Abduction, I/E: Internal and External rotation
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Fo sy, I3 A Y dojMe AR U o)A FIMRE + e S H
oA, MukHo® - zhel 4A Z}*ﬂ AM RS sk AR yehyth a2y APz o) A
£ HoldA A B Dot F A AWAOR - 8 YehHA Jddedx Bao] o]Fof7]
© A0E YA, JFA CY B + g HoJdA 25 AN Hio] o]fojAe Aoz
vebsteh WAd 9A9 A9 glojNE El, B4, BsolA - ke AAAE, E2¢9) E3ojAe +
#9 A GeldM HYS tx gl Ao vehd A A a3 g e AA2 B
d 3= Az yehgth U - 945349 FAYd JdolMe Aoz A Y i‘zi A=
t R WSS yelg, AA SHe FAAVIEYS ©A(E3), 29 S8 FAXNEH
Ae - g2 YERiEA WS AdA 933des ddsE Aoz Yeyn.

W9 FA9 WE PHEE Ued <ad 9 10, 11>9) g3hd, 233 A9 FAU Ao
v FRAL-ET-AAY PEE BAT A% 9A9 QlofMe AA Sl FAA7] olF 4
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7, 29 FHez YoIEUA YAE Aoz Yehath U - 4234
A3 9479 $AY% AN AH) A9 BEAAN Ax] ZTHY
o) WAR, 29 FuY HA) oz A5E A J3HHoR A

r>4 =

15 15
$ g o wmesh
: =
3 3 X M-SD
- < -10

ts -5}

=20 -20

Time{%) Time(%)
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¥ a7t B8 244 2 23] 280k FFY A3 dE wAES gz o
3 AN P ARG, 4% $49 st BY RS AN 59 =59 v
A A £AYL FHA0E BAH) Ad) v, 25 Bue $99¢ 349 4o HEde

$He A3 0y A 1 2Ed]S(side) T2 B o)FolnEd,
Aol Bapol Alzm-t— o2 ushid. o98 ke AUz e Ut zau&
sed, B3 A 43 2AE SURT e AFNUS F B 23
HA Ee GSEE BEo Bo| A% AY BE 3
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e H3 Zo] H3PslA WD (Bigland-Ritchie et al, 1978)=0] Jed), o] HZ7|F2e sl
L 7MAE § e AeE B At £ Perry(1992)t £%50] ¢o2 FojAe AL

FEo] & #Fe=2 Yokt w U5 AlFI(quadriceps)d] o5t A BAF Qo)A o] Fo|A|n)

ojmj 7 E(tibia)& Z8ALS 3= 7hAlw] (soleus)oll ¢J3) BiatA 53 oz B

€ 7oA vebd A AAA 22U FAZd) taM %= FAo] Yo g & F 3
k. & 3| A Zukpelvis)s} 017/H(shou]der glrdle)“ Az uZo g A% F, A= ey
Y] F5o] o FAolg FAY $3 B} $2 o7y} o2 o|FFT) o) orlg It
of AdEd FYsL HF El%i “lb‘"}.L qom AWAGH) BH(Gracovetsky, 1997;
Feipel et al, 2001) %%t o
(Burwell, 1992)9] Q18] widt X8 JJr’ﬁﬂlﬂh 0 A Xd:’-%} F ok Mun'ay(l%7)“ ARE

A de 4 dAAM BTHLE N e 7, FieHE 259 $3Y0] A Y

£ A7E B Uehd =9 23 A s B5Y °’tz§l;€«1 Z4ee YA ¥E Hapt 2
A vehde € 3E B olye} =QloM A Fun A9 Fd *M o zZtx W3l 3A o
ofgs ¢ ¢ AT E5Y %2 HAo] A Yojubm AL Iure] WA/ AT THakA ¢
2 ¢ F Qo & Svto] By AAH THA Ao ?4,01%% AT7E B3 € evd
o & o]t %‘{4 A o] dojuthe A2 vlE §F5o] AYoz oF A 4= AL Hd
o, 4% B8 34 doAYA 3= o7t ohdrt AZtdch

Deluca(1991)4 A7 oaty, dduden &g JH4E AL As, By dehde o

9 37k s A= WA, ot dES WEoy &3 W39 AAA gEolgdn F
1‘*%\:} 3 A9 %L A 2 BA/9gdY 4L F - uges B o, FA7 AW ¥
3 o7 ﬂs}&i FTAAE 7HEAY gy HEQ Aoz B A F, BA7) 3AdA
WA HZ o7 95 Fhe] 71 g2 A Fo, 2““ HHE JA7] o, @] 7} o
22 WH 9t Murray(1967)= HHE HAA 7Y FRHe FFL Jé HoEg 8%, A
FFL HE ZE o]FojAtt Bud v} ¢} Ferber(2002)d] ¢J3id, 273 AAE 717 AHgx
doz Ud o 3tE oA AA¢ F2(perturbation)E HelthE Aotk °] & AR 27) TS
Hefold 7bd & AAE Holy] fFoltt. 1 ojf= A £HYS FA L AojFozR o7
A @2 FLY 27 wEog A FEY 23AE =] Yol ).

58 5534 v $AYE FHAA BHGN AWEY, Perry(192)E B A AX] FHA
COG(Center of Gravity)7} W7}z, 29 I &a7he G3H+25cm~+45m)g BQ Aoz o
3 H o & FAAA ZdA slEg 259 £330l A o]FojATE AL ¢ F Yo

dhde] AlgEdME BEst 259 $3Y0] A3 dES ¢+ Utk Az Hgdd E5Y &
AY2 BYP&E wE o - oA 2 - 22349 Aozt e Bk ofygt BYFY Aol
T2t o - 4 9 - &3 AE e tad £3Ee ¢ 5 Yo

[s]

>, mlm
to ¥ r
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7rEel mt £AHQ AAY BEE I 7¥S 471 4ok AW, Fol NoiAE AT A
o HAZE HE o wERAE ASER] god $AHQ A EEHI| ot AR Z-:"ﬂ
e A A7k ZELFHZY QAR AGH J)Fd &8y Witk £ FHo of
AL LA ALY AXE B Hrh & 4 AL Wy FAE 44 948 F Sle *12}351 o
A7t AL | oHF-E 2] WFolth. A e bE 59 ¥ge OUd A4 &
T3 3 HEE 2T 5 Yok o2 A&, By A 550 HELR sjgofAe g o)A,
HAA 2N wg ZAZE 24 8 4 Yok (Winter, 1990). £& §F79] HF9 oj7j9} Ay o
Q7] gE T2 oe A WY FF Fuba AdAn FHY HFoF doF IFNW o
T getd FJ32E, WjEe HE ke o Avlke wayoz W g 4 9rh 95 Ak U
A 4 BR 252A0 ddge Qed, AA 59 853 2Ry Hojuye AFe] FHHY
8F Agto] & 7] wjFojthMiller, 1971).

ATAES H3 A F5Y 2399 $84¢ #=xda gled), 14 5] 2t Jdshe
A9 shtz AFrld ARe FyHste A8 A7 g 9oz IAS e gFE §}
) 2 6] cH(Callaghan et al, 1999).

Aot e AP AFEY 1FE 53 =9 AYIY Al
o =QdMe 24 24 o% AY, AY A9, T T
At 2 B A v B4 #d A8 5 AAY EAARE oE F 5
THAmerican Geriatric Society, 199). =3 $jo] AsjS5 HH3 BdEFY HYs &
L8 BPAAE FEHA AR FEA F2 AS & F AJt A A 7
AA, AR EA, 229 ARAAY, 72 TE /5H o), T FUNEY &4, 2
A7) A4 B, A, AAA g Fol £8FQ A (posture)st (quality)e] FFE
15k B AFE 5, d7Ae B Oud B A%, Ed & RId
L3g= AAEE €8 4 Al

ro

o
r.?L‘ rok
nd Fo
H’i of
TN
o}:‘. ro
«19:
ok
oﬁ‘. I-U%l’
Ho = e
o NE, ok
Eoo 2N ¥
Mo oo W1 MHE ot
e L ookt o 2 2 o X2

=

V. d &

€ 47e =4 Y A A 449 5%H E4S T ok ofF 98 =9 8%<
A7 Qualysisit] ProReflex MCU240(Motion Capture Unit) 294 7}H|2} 6U1E o] 8314, 3344

9% HES AU} Cardand] 3G ATE AN e viEl, BE 2 2] 2423 AN 3
IhE BAN 349 AEE YT, Matlab 65 T2IAL olala] 339 ATE BASAG. o
2, 2% 291 39 929 g 339 AwE BAY 29, 9oy e 28 9
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