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Abstract

Clinical gait analysis is the process of using quantitative information, including
kinematic, kinetic and anthropemetric data to aid in understanding the etiology of gait
abnormalities. It has been widely- used .in the diagnosis of patients with
neuromusculoskeletal pathology, subsequent planning and evaluation of treatment. In
human motion analysis, ‘the kinetic data are 'usually obtained from forceplates
mounted on the ground. Therefore, in situ calibration of the forceplate is necessary to
improve the accuracy of the measured ground reaction force (GRF) and center of
pressure (COP). The current study developed a small device (160 x 88 x 43 cm) with
a mass of 50 kg, equipped with auxiliary wheels and fixing suction pads for rapid
deployment and easy set-up. A PC-based controller enabled quick movement and
accurate positioning of the applied force to the calibration point. After correction by
an artificial neural network (ANN) trained with the static data from 121 points, the
mean errors for the vertical GRF were all reduced from a maximum of 0.38 % to less
than 0.00 %. Those for the X and Y components of COP were all reduced from a
maximum of about 1.37 and 1.15 mm to less than 0.02 and 0.04 mm, respectively. For
dynamic calibration, the mean errors for the vertical GRF were reduced from a
maximum of -0.19 % to less than -0.03 %, while those for the X and Y components of
COP were reduced from a maximum of -0.50 and 0.95 mm to less than -0.01 and



-0.11 mm. The results suggested that the calibration device with the ANN method will
be useful for obtaining more accurate GRF and COP measurements. Thereafter, the
device was used to calibrate our newly developed instrumented treadmill to measure
GRF on the treadmill during successive cycles of gait. By the same error analysis and
neural network methods, the measured GRF and center of pressure (COP) can be
calibrated to reduce the errors. The results of calibration indicated that mean errors for
the vertical GRF from a maximum of 0.82 % to less than 0.01 %, while those for the
X and Y components of COP were reduced from a maximum of 1.59 and 0.71 mm to

less than 0.07 and -0.06 mm.

Correct anthropometric data is also needed for accurate calculation of the motion
data. Currently, anthropometric data are mostly obtained from studies on adult
cadavers because no data exist for the children between 6 to 12 years of age. However,
methods using cadavers.or invasive .techniques are not suitable for children.
Noninvasive methods are-either too difficult or too expensive to be used routinely in
clinical settings. The current study therefore aimed to develop a noninvasive, fast,
cost-effective and accurate ‘method for the estimation of the anthropometric data of
subjects with different ages. We ‘propased an optimization-based, non-invasive,
radiation-free method for estimating subject-specific body segment inertial properties
(BSIPs) by using a motion capture system and two forceplates. Twelve healthy adult
subjects (242 y/o; 698 kg; 1785 cm) and twenty children (3tyrs; 3140 kg;

13049 cm) were recruited in this study. Firstly, a three-dimensional custom-made
model of the human body was developed for the simulation of the segment geometry;
the estimation of the mass, center of mass and second moment of inertia of the
segments and the whole body. Then the subject was asked to stand in twenty different
postures for static test, and to perform squatting for dynamic test. The static and
dynamic tests were used to customize the model to the subject with optimization
method, and the subject-specific anthropometric data were the calculated
consequently. The performance of the current method was compared to two

iv



commonly used predictive methods (Dempter, 1955 and Cheng ,2000) in terms of the
errors of the calculated COP and ground reaction force (GRF) using the
corresponding predicted BSIPs. During stationary standing postures, the mean COP
errors were less than 4 and 5 mm for the child and adult groups respectively, while
those from the existing comparative methods ranged from 11 to 19 mm and 15 to 25
mm for these two groups respectively. During dynamic activities, mean COP errors
from the current method were less than 7.9 and 9.4 mm for the child and adult groups
respectively, while those from the existing methods ranged from 24.8 to 31.1 mm and
20.6 to 27.9 mm for these two groups respectively. In evaluation of the accuracy in
vertical GRF during dynamic test, the mean error of vertical GRF from the current
method showed similar values to the existing methods. The results showed that the
current method was capable of preducing estimates of subject-specific BSIPs that
predicted accurately the important variables in-human motion analysis during static
and dynamic activities. In“conclusion, this optimization-based and accurate method
was developed for the estimation of the anthropometric data of subjects with different
age groups for clinical gait-or motion analysis. Being non-invasive and using standard
motion laboratory equipment, the current method would be useful for building up the

anthropometric data of adults and children in Taiwan.

Keywords: Ground reaction force, forceplate, center of pressure, calibrator,

instrumented treadmill, anthropometry
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1% (ball screws & §E 0.5 cm)~ = ‘es i if #i(linear guideway) i & (slide table) %

- %75 ®(encoder, 4000plusef) - + # EF} cjpsRif s oo S B EHEAE > T H
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Motion Control Card)r®@ 2-10 #51 » pl4 4= 4 £ #P~+ A/D + (National Instruments,
PCI-6036E, A/D, Single 16 channel, 16bit, 10V, 1.25 M3/gx &) 4] 2-11#77F -
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508mm

406mm

B 3-19 P4 4 &t B s34 (F)1000N* + = 51 152 COP:EL v &

35 #HEBA ¥ RKIAE

LR 4 4F 121 fe i 2k %) 02 650N~ 800N 2 1000N £ 4 ie# i35 4 » & -

& ke
REBRRE=Z A P PR ERES P T da ke o 23 LIRS ¢
A G LR ORI B G JERS e R SR A B AP LS £.0.31mm B,
IPEFEE A+ £ 0.28mme fipld 4 d e 3 F LS 155mm p e ghH P g P AR i A
¥% & 0.05mm:z b - Bobbert[41 4 » § 49 S % (f §% 1000N 2+ g & RIUR 4 ¢ end
BfCp) e s 4 Rl e d st A BRUR 4 Y w3 4E § 4 % -] (650N~1000N)
Ao BALRPIRS P MR Fl AR Ep 4 EE 4 Bz od ¢ F 3-14-3-15-
3-167 4 ipl4 4 121 f B dple f L ix 2T R G4 g § RIUR A4 7 iR A 397
#p ke o 12 1000N § % & &) » 354 5+ 3 $EESE 3.40mms £ 0] % $5Edg 0.14mm; 12 800N
VR 0 3L B 8 HEELE 3.37mme £ § $EE4E 0.13mm; 12 650N {5 B 0 3F
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T4 A BEERRS Y SRR

FAPA GRS BIERRRS ¢ S BB AR 3-15 317+ 3-19¢ ¥ v
14 47 B 15(-19.33,-21.1737 (-19.337 -16.93) & B e m B R RIR 4 ¢ o BB R R A
o HepR D BEERIRA ¢S B LRGP Y o Bobbert[41]E 4 2 G AR B % o @ R
4 4 i f5(-19.33,-21.179 (-19.337 -16.93)* 5 BRix I BLARSE fuif] 4 {7 R AT 0 - L
BEE A AR G E S e P SHH SRR G BERRURS P BRI
Hopl 4 7 05 4 BRge R % R R B e Aot HOY PG IR ERE B
7o & gk g - R E GRS Y u T A T

BIURA P REER

36 M SRBRE EREET

ﬂ\-

ARG A L% 4 650N~ 800N ~1000N = f&% 4 % %27 650N~ 1000N =

,fé_%g;; it i ;;F.“gd ;&1@&',,; “?,51/_11 TR 4 %);—E_;EIJ @4 NN Py_im§ 33 A,}l o L

SHEAREY S G SRR OE BEY SRR R RS R RS Y SRL 0
riE%dck 3-2-3-4-3-5%7 - d & 3-2+3-4>3-5¥ &> FEFLe 4 650N~ 1000N
B4 AR RO T 5 A AR BRlE T A S A R Y S N Rl e Rl

BB P LN R ARIT o wde i 800N B 4 45 BRI FAL T L AT SRR g

RG]

ﬂﬁ%#’ﬁ:@%%§?%ﬁ§w4ﬁ§w4iﬁim@ﬁg%,%EJwﬁgi

T

2 A~ d 0.0090% 5-094% %L F A d 0.14%% 8 = 2.89%-° @ Pl £ &

2

AL g%k o X fhER-TEAd 0.02mmik g 5 0.34mme #rrd s rl g

[e=2

-7 4 650N~ 800N~ 1000N = f8% 4 % & it % 4540 ‘S @i 2 0 B3 0 2]+ 7 £

VR SRE B Y TR £

g

# 3-5 2 650N 2 1000N 7 34 S g ¥ 74 2R+ & B GRFZ COPEZ st3t
Vertical F F F, P P

z X X y

load (N) | error(%) | cross_talk(%)cross_talk(%) error(mm) | error(mm)
Mean| S.D.|Mean| S.D. | Mean| S.D.|Mean| S.D.|Mean| S.D.
650 0.00| 0.02| 0.00| 0.08| 0.00| 0.07| 0.01| 0.20| 0.03| 0.34
800(* #&)| -0.94| 2.89 | 0.00 | 0.13 | -0.01| 0.07 | 0.34 | 0.30 | 0.04 | 0.40
1000 0.00| 0.01| 0.00| 0.07| 0.00| 0.07| 0.02| 0.21| 0.01 | 0.33
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AFE R FEB LS SRS P 2 g R L BRI 1 100 B 4k S
FRFE el 0 R RK AR 2-15977 o B 2-15¢ FIgER o SRl 4 £ RSP
WA SRR T BT Y R (s 12180 A 2 £ B G eRE c eREA H 1
650N~ 800N 2 1000N wid* i -2 4 35 4 » o4 s @ pl4 £(F, F,, F)a&K4 ¢ <

w

(P, P)i# i drd 36 %7 o fl+ i B Rl 2 4 i L THEF A &

i

0.30%~0.32%. ¥ » $&2 % 7 A 1t % 0.33%~0.36%. ¥ - ;2] 4 4% 7] cross talk F1 % @ &ip]
AEALARTA(R, F) Rl R RET A (R)FELTEHER & 2-0.32%~
-0.28% R > R L F At 355 0.15%: pl4 wATRRIKT 4 (F))diEL T30 g~

% 0.58%~0.64%. ¥ » {2 % 7 A v* % 0.11%~0.12%. F - @ f]+ 18 RIB 4 ¢ < X
BT 0% E A4 1.32mm~1.33mne. PR X 4 0.74mm~0.78mm. B> Y #h i 45T

24 & 1.05mm~1.08mme. 2. B &4 £ 4 0.70mm~0.75mme & - j#|4 4= + 100
BHREREATRERA Bl d OB A R LT A3 GRSy

Tt Bhen B RIFE RN 5 A R4 27100 B i Sk Bh AT R RUR 4 7 o T o X SR X 3

BR A FAEA SRR Y R BB RE R -

# 3-6 B4 1 100 Boxs Byl w0 AR R4 ¢ w2 R A gt
Vertical F = P P

z X X y

load (N) | error(%) | cross tatk(@6)€ross.talk(%) error(mm) | error(mm)
Mean| S.D.|Mean| S.D. |Mean| S.D.| Mean| S.D.|Mean| S.D.
650 0.30| 0.35|-0.28| 0.15| 0.64 | 0.12| 1.33| 0.78 | 1.08 | 0.70
800 031/ 0.36|-0.31| 0.15| 061 | 0.11| 1.32| 0.75| 1.07 | 0.73
1000 0.32] 0.33|-0.32| 0.15| 058 | 0.11| 1.32| 0.74| 1.05| 0.75

<

B FEREBRETERA BERS VoSN SRR BTS2 A RS
dod 37 frm c HkE 4 P A TEE A b 0.0%-0.01% B LF A A

0.08%~0.09%. & - -k 4 (F, F )dnfz T5EF » ¢ 2-0.01%~0.01% & » &% %

B A 3 0.04%~0.05%. &F ; HRA4 ¢ X AT %L & 0.02mm~0.03mm. /& ~
T A 0.23mm~0.24mnz. fF > &R 4 ¢ s Y $hAE T ESE L A 0.03mm~0.04mnx. &~
HE LA 0.23mm~0.24mme_ B o P14 7 F 100 Bk AT E P4 B IGNEA SR D

a0 HWETIOET A ARE LT A K ARl R SRR Y RD R

A

TN AR 100 BHRHBBTERIRA ¢S A SRR BiZ L H

=z
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T e 4 RO L) Gt Y SRR R B R

237 R4 100 BHHEFRD 164 BERA P w2 ®L Bt

Vertical F, F, F P, P,
load error(%) | cross_talk(%) cross_talk(%) error(mm) | error(mm)

(N) Mean| S.D.| Mean| S.D. | Mean| S.D.| Mean| S.D.|Mean| S.D.
650 0.01| 0.09 | -0.01| 0.04 | 0.01 | 0.05| 0.03| 0.23| 0.04 | 0.24
800 0.00| 0.09 | 0.01| 0.04| 0.01| 0.04| 0.03| 0.24 | 0.03| 0.23
1000 0.00| 0.08 | 0.00 | 0.04 | 0.00| 0.04 | 0.02 | 0.23| 0.03| 0.24

AT AR A 1218 R BT R A B RS P A R SRR D
XBITZ LA K E I i 5% 0 82 Bobbert[41]% 4 2 42 5 (Symmetric
function)k iz & Bl 4 fF T & BIURA P SR L > LR RA P %é“f G4 BLim B Fl R
B oA (A B R B T R P T
Bobbert[41}< iplip] 4 4+ & Kistler 3> B B4 e B4 P i 4 § RAF R BB > 27y
TR 2GR AR ki L R ST o @ AT AMTI AR 4 e R R R4
Bu g RILG AREME S s 8 Gill[A3]E 4 dples ST A g * gt 2 o @ Hall[42]
E G LA I BRI A <0 (L e T SR IR R E R
RGP R RSP FEL RS S FRET R ¥ P P RN A
A B Hap * el L RUH] o T BB SRR T

Bipld B R AR LR 0 B AR S A

%)E%
l“?
;ﬁ‘
o
4
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T
W
=

3.7GRF ¢ COP $t M & % 4 thfs 4

AE BRI A F AR PSRRI BB P hIF AR
A 47 B BB & (Ankle joint) ~ %% B & (Knee joint)z #£BE & (Hip joint):- & £ 4 + /| éf’
Hom M EKL S B L R e R S - 73S LG 158cm M £ 64kg -
Bpbog mpap AX@Fge TS p R8T & Eyrarplfp e 15em o~ %rE ot R

ISAFBA RFZNRA AL - XFH LR FF =2 TAREE AR FERD

’

(e iplend BRS¢ wlkigdod 38477 o
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# 3-8 B4 fFhafREwisrERS BERY P w2 i
=% 1 % =% 3

¥ &+ A caL FE It A caL i A T 18
F. (N) -6.24 -7.83 -5.69 -7.13 -7.89 -9.27
F, (N) -24.49 -21.96 -19.55 -17.32 -21.75 19.57
F, (N) 338.67 341.47 288.87 291.32 286.0P 288.42
P, (mm) | 102.63 103.55 106.20 107.15 123.44 124.55
P, (mm)| -114.29 | -112.17| -122.78§ -12058  -116.67 -114(5
AT KRR A ARE T ST ER e BERA P il N AT S F H07)

[33] » 3+ 3 A ARBARE & ~ BB & 2 ALM & ricE 4 4B 4 [ 0 A R ded 39 rA o - TR

AR S B B P[RR R R E B (WBWXLL) % & 7 0 AET Y S
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x
T,
T
2
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P
/\‘
el
-
mm
po
=
.

oL M E S e A4 P ir e~ (SR 4GB (A L FE S BlAeBRRE & A0t

i #(EV/lv , evertor/invertor) > w H it w v B < 224 0.47(N-m)> A p fE/ o i

(IR/ER , 2% 1.07(N-m); % B &

internal/external rotatory = £ &t # ~ {sd = ek B

M Jz(Ab/Ad , abductor/adductor)* & Hj& i @0~ {8 B 2 £ 3.19(N-m)»> A p g/ ok g >

Hig it # ~ (85~ 4L 0.45(N-m)> & ke /# E(FIX/EX, flexor/extensor)™ = H & it
% e % 34 0.53(N-m); ALH @ A BIR A= » 3 R 5~ 13 b % 34 5.10(N-m)-

Flb o X R AT R RIS TR R RE RS P g g AR § @ SR

RN R A RanTEn 0 X BE PR AR P4 FAoi ik &y

PEERR-
Rl ipfr 2 =B R g * < 74740 -

T B E

AL PIR) Y AE AR BTG R MRS s XY (B BT LA )

1.37mm# 1.15mm> & {6 B~ P, F 3531 4 %) 5 0.03mmez 0.04mme @ 3t ¥ 4 8

BRBE &~ R B S 2 AR STk 4 ek p e MATA R o dokk ® Bobbert(1990% fe i

R4 F(RS P oL 420mmp o B~ B FIEEL 4 6 5 3.5mmer 6.3mm)t & fg i

R4 (R P L AI0mMmMp o B~ B T35 A w5 1.3mmeE 1.6mm)>

FENOA MBS M SRS TR s BT I e TR

B E N R4 RO R A R
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2 39 Bl R wm s H ARG - B E M E TR ES PR

Ankle(N-m) Knee(N-m) Hip(N-m)

Ev/lv | IR/ER | DF/PF | Ab/Ad | IR/ER | FIX/Ex | Ab/Ad | IR/ER | FIX/Ext
% |#&rw |091 | 045 | 17.106.09 | 0.89 | 0.85| 21.2| 1.81 8.3l
1 | &2zt |044 | -0.62]17.64/291 | 0.44 | 1.38| 16.1| 1.57 9.31
=% | #&er® | 044 | 1.01 | 1532237 | 0.36 | 0.14| 13.4b1.28 | 7.72
2 |xxt [0.15 | 028 | 15.8| 0.66| 0.08 0.39 11,0115 | 8.66
=% | #wr+w | 063 | 0.66 | 18.2| 258 042 3.61 124769 | 7.32
3 |1zt |032 | -0.0618.7 |0.93 | 0.14 | 3.82 | 10.06| 1.44 | 8.10

X1 EV/Iv gl Fs(evertor/invertor)

IR/ER: p #/¢t #& (internal/external rotator)

DF/PF: # A/ig Ay (dorsiflexor/plantarflexor)

Ab/Ad : ¢t E/p Jz(abductor/adductor)

FIX/Ext : A& & /7 & (flexar/extensor)
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AR B A TR SRR LR e (T4 380 el SRl AR s e 4 T B et
Biplend BORA Y oanpd B RE LR AT HRD B
S

o drE RS ARG A S XS AR R TS R s

v NN ‘?_,%71_1 Ll ﬁ{ o

L RHRE B R Ehe rd BA ) AETREBAA Y 7.5 cm/s

e 25cm/si# & et 4 RF D 2 R ek w B H 100cme R B4 Bl m 4o
523NE# 3 987N £ d 987NLi 1 523Ne 248 A= ds 2 {8 )k 5 FF & § — £t ~
BAEDBA LS RS o A RS 4 AR A 4 RS AR B (2 e B
FH) S TRBRDE BN RPN EE 2 N Hd B RS
fRd s AP Ew S B E A B AR 41542507 0 At AR T ER LR A
54 &t 650N~800N F % FE =4 » F| gt ipl + 45 £ g\ﬁﬂmzz.%n VERYF 8 N8
BoAw 4 BLIT 0 R 4 RFRERE Tl B A e 4 TR T BBk T
DR A @ AR B B R R B e B R B R ok 41 425
Aood & 4142 F B A A FRRHE A REH S RRFRG F P E TS X
o p R E R R R EEL E L% A-3.73N~-3.13N2 &  £% £ & 0.55N~0.57N
KT Y i B E R ERE T A 2.70N~-2.82N2 7 - L L
% 0.5IN~0.64N2 ¥ o & a5 A 3 i R A5 #m REH R4 5 f fHLE > 5
BE R EELE T A 2.56N~-4.62N2 & ~ 38 £ 4 3.51N~-4.83N2 /¥ > 7275

ﬁ

AR Rk EBE G REFRRFLPELEM v R EEEREFLETHE

#-1.92N~-1.56Nz_ /F ~ % % % 4.23N~4.55N2_ fF o

50



(N)

£

E-%r‘—;;.%

il

(N)

2

:E_’L_—;"'é”J

il

1100

1000 ...

800 -
800

700
600

.....

S00
0

1100

0.5 1

T4 ERG)

1000 -
Q00
800 -
TO0 -

600

S 1
o 1 |

sl

500 =
0

0.5 1
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Bl 4-2 7571 25.0 cmise# & 4 Bk vL pl 4 47

414 fr e b paERos 4 f VT 24 R0

FESEREZ R

AR (1))

FERG A ? d 650N L3 = 800N
BELR X gkt 42 B(N)[Y prk T 4322 E(N)| %2 4 L E(N)
(cmisec) Mean S.D Mean S.D Mean S.D
7.5 -3.27 0.55 2.82 0.64 2.56 3.51
25 -3.73 0.57 2.70 0.57 4.62 4.83

A2 e b s ffT R R RERERIEL R
2391 f §*4 BOONifi T 650N
BERE gkt 4 L BN)|Y pok T4 2L EN)| £3 4 L EN)
(cm/sec) Mean S.D Mean S.D Mean S.D
7.5 -3.13 0.55 2.79 0.54 -1.56 4.55
25 -3.49 0.57 2.75 0.51 -1.92 4.23
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VSRR

GRS SRt BO D BTSRRI A B oA 2 B B
bod 4-354-4957 o d £ 4-3 447 G HA SELS BB D B D B SR KT
LEph e TR REI T PR L kT X ghif i THES E L
2.40N~-1.73N2 F » ik T 4 Y pif i £ T30 © % 5 -1.47N~-1.36N2 ¥ o
Edh o R P TRARTIOE % 2 -0.58N~-0.1INZ [ o s f EE e b iEH

?-Tpﬁ-;ﬂ—li’lmﬁmﬁgﬂ + 3.85N~5.56Nz_ [ -

% A3ipld el RS PR A  B R VR
RS i §*d 650NE# I 8OON
BEER [ Xppkzd 22 BN) | YookT4 22 8N) | 224 mL2(N)
(cm/sec) Mean S.D Mean S.D Mean S.D
7.5 -1.73 0.52 -1.36 0.63 3.85 3.50
25 -2.40 0.53 -1.47 0.56 5.56 4.79
%44m4$&%%ﬁawﬁ%4ﬁ?f’ﬁJﬁﬁLwNwm
RS § 4'd BOON i & 650N
BEZRE [ X kx5 BN | Y pok T 5 B E(N) | %34 5L 2(N)
(cmisec) ™ Nean SD Mean S.D Mean S.D
7.5 -1.77 0.47 -1.40 0.51 -0.11 4.54
25 -1.91 0.54 -1.45 0.49 -0.58 4.31

d AT AMTI 8 4
G4 R R

FEY B RARERA L TR X TR
KA R A M @ ERIELFLFTOR o 8 415427 00 f gt
650N £ 2 800NPFZL-E 4 4§ T3o@Em i > @ f §*d B00NiLj I 650N p &

e F8 AMTI o4 &ipl4 £

h
TAFARTOEHLL LB EP PR ERE

L
B ©

—\

- R AATHAT R4 B € ik 2 0 A S (curve fitting) 1T RIE 0 AT A EE

SR N L ST

THBEBET PR RSB KL
&0 R %4k 4597 o d £ 4142 457

B TR 2 AH
A FRERBEESPERE TLE B e

FERERIE AR RBRE DB HAFAL T TIOE NPT 2 F R R g 2
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b AREE L
PUOIR R EP T
#EF 2R

ziR

SRR ;u # ST 7 (L E
§\dz MiTRAE ¥ MEE

PLE W R 5 F

1)

s MenLFEE L AMTI B4 F RS2k 72 2 %)

B4 plARP BF o

4] 4-3 ~ 4-4 7 o

TS I A oI R

PR VERE T

Mot E FENEREE S B A B iR B

*ABRA Fh wh e T o B Rap il 2 W SURE LA
23y § 444 650N EH# 1 SOON § 9 BOONE¥ 3 650N
% d ik R % 4 %4 E(N) L3 4 FLE(N)
(cm/sec) Mean S.D Mean S.D
7.5cm/sec 2.67 0.14 -1.30 0.29
25 cm/sec 4.60 0.73 -1.96 0.34
?ED L] L L Ll L] L] L L] L] L] L] L]
2 [ 'J'-'t:jl'?'fﬁth
;:l :? x;% f_’g’i Eb’ %ﬂ +-yjﬂ: o v
\ ) |I _‘!_-I-'I,_‘.Fi-i ‘
° .,11;::.—'1‘-'"',
‘YPS‘ 700k ,AF" Il-n .*."-1F"" ﬂ‘\ d
| |
N .-ﬁ"l '-‘ fi . Lo
f‘%‘} s *'rF" it £ P & Curve Fittingfs &
_TL‘._.I.;-;.?:"‘" ) I-ﬂ
540 L L L L L Il 1 L L L 1 L N
0 02 04 06 08 1 12 14 16 18 2 22 24 28FF({H)
B 4-3 248 2 7.5 cmisecE & # & KA R 4§
?ED I|.I |I|I L} L] L] LI LI L] L] L] L] L] L] LI LI
r-‘u'i'ltl'li-"'... : "|_'| i
2 L IH-H%.’”?{L'-'!!.-'L&-‘\" S
- T*}fﬁw% ) £ ip| & Curve Fitting?s #
= 4 l'l'ir “1.
+ 700} ““iﬁw*ﬁ. -
+ l. 1’rr U%’ﬁ& ;
I| [}
qm| 'I.FIi[L'I’Juﬁ:%I
"Mﬁ'nf !
‘Ti"‘ P 2 " Pl .
64D L L L L L L '] L L :;;1
0} 02 04 08 038 1 12 1.4 18 18 2 22 24 28 EEFS*({/‘})

Bl 4-4 ~ 7275 & 1 7.5 cm/sect B # kiRl 4 ¥ g
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42 e eh g4 T2 RA PSR

e i

kg
2

§3% 4 FRERCT KL B4 LD (TR R4 e o g
PR Al g 20Kgw 4 w12 7.5 ~25.0cm/seck B Bt 4 ORF L 2RI Bk v
# 100cm> ¥ 4 & L7 ¥ 4 d 523N 1 987N> £ d 987N L/ I 523Ne 7% 485 i 14
PR ERETHRAFRS (B R)FAETHEERFL D% 0 dok 46>
4-7 #1577 o BRIEA ¥ X phaEFL E TI5E £-0.56mm~-0.50mmz F ~ £ &
0.67mm~0.71mm. ¥ » £ RIR 4 ¢ o« Y poi it £ £ T35 & 0.88mm~0.95mme. & ~
B Z A 0.58mm~0.64mme B o TR E A A e iE R A B R RIER SRR
o BAERES P XY R EA R TR AR R T ARG R
m AL E T

R AR e LN F AL Rt = S

FERG A | f 94 523N iR 3 O87NR 4 & wif i €
$oid R = —
XghiEL & (mm) | Y@z & (mm)
(cm/sec)
Mean S.D Mean S.D
7.5 -0.56 0.70 0.88 0.59
25 -0.55 071+ /~.0.90 0.59

1\47/F’;*}; /~ ,E;Lu/ﬁk‘%&’}éi\“r’ﬁ@’;ﬂ:u ;i? Ll‘ﬁ'(

FERBEA | f 44 O8TNiLjR T 523N+ ¢ wif i
#eig B N o
XghiEZ & (mm) | Y #@EL§ (mm)
(cm/sec)
Mean S.D Mean S.D
7.5 -0.50 0.67 0.95 0.58
25 -0.53 0.68 0.90 0.64

FRAAN A PE RASE G KRR SRR P BT ERIRA P e XY Bk
PheBr R A Y e T (R4 P e BR0,0)fEF R 4 P s plEE X R R £
2-0.46mm- Y #hAEE L F 5 0.81lmm) Hé i R4 P oo X haiEin s § THE e

*

e

‘i?fx

FREBRA P e X R AL A 4-0.10mm~-0.04mm ¥ 5 A # RS ¢ o Y
BREFIF TS EAERS P oY s fugsd & 0.07mm~0.14mm F):p] 4
o e BL0,0) i~ FEAERA Fw X Y SRR AL Bt A piT > T AR
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AR SRR P o BRLERBARS I B

\:&

E%dr

% 4-84-9#77 o

2484 e wh Bl f T ARSI R

FEAR A A 523Nifsg & 987N/E 4 ¢ wif L §
Boif R . —_
XphgZ 2 (mm) | Y @i g (mm)
(cm/sec)
Mean S.D Mean S.D
7.5 0.07 0.72 -0.06 0.60
25 0.10 0.72 -0.07 0.61

34-90] 4 fF s b RS f T 0 AR S RE SR

FEAR A | A O87N:iEj T B23NA&E 4 ¢ wifk i §
Boif R . —
XphgZ 2 (mm) | Y @i g (mm)
(cm/sec)
Mean S.D Mean S.D
7.5 -0.01 0.69 -0.11 0.59
25 0.03 0.69 -0.05 0.65
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2@ & 0.97mm~-1.10mnx. F » &

sSLA | f‘ ? (650N~800N} &+ ¢ & X #hif £ § T30E

0.75mm~0.96mmz_ & » A

%-0.64mMm~-0.61mmz_ & ~ Y #hif X ¥ TiE & A A
(450N~650NH & 4 ¢ o X iz £ § T45E %-0.88mm~-0.53mm. & ~ Y #hig 4 § T35
g & 0.70mm~-0.95mme. & - % WPF'§$ HERA P X I ETEHELXOE7 &
-0.6mm: @ Y #hiE A E Ti0E A F iR & 0.8mm~1.0mne /& -

% 4-10 P14 ¥ & %frﬁvﬂww%é;\"f’ﬁQJv’»?wm
£ f &4 ¢ < (800N~1400N) ® f &4 ¢ . (650N~800N)
, Xpg£® | Ydpi® | X@Fif | Yanpid
= ¥
(mm) (mm) (mm) (mm)
Mean S.D Mean S.D Mean S.D Mean S.b
1 -0.64 0.58 1.01 0.41 -0.64 0.61 0.79 0.60
2 -0.59 0.50 1.00 0.64 -0.62 0.69 0.95 0.84
3 -0.60 0.59 0.97 0.47 -0.61 0.62 0.7b 0.72
4 -0.63 0.54 1.10 0.44 -0.63 0.64 0.8b 0.59
% 4-10(%)
= f ?‘@ 4% .« (450N~650N)
, X digi Y phig i
=< ﬁ;(
(mm) (mm)

Mean S.D Mean S.D

1 -0.87 1.15 0.95 0.89

2 -0.88 0.95 0.70 0.90

3 -0.53 1.37 0.82 0.85

4 -0.60 0.94 0.79 0.75
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£ f 4 ¢ .2(800N~1400N) Rof 4B 4 ¢ < (650N~B0O0N)
P X phef-4 & Y ot A 8 X4 8 Y fhiE A4 8
S (mm) (mm) (mm) (mm)
Mean S.D Mean S.D Mean S.D Mean S.b
1 0.10 0.58 0.33 0.41 0.04 0.76 -0.08 0.%9
2 0.08 0.53 0.30 0.61 0.02 0.68 0.08 0.79
3 0.07 0.65 0.02 0.51 0.04 0.59 -0.01 0.80
4 0.06 0.54 0.13 0.41 0.00 0.68 -0.19 0.74

% 4-11(%)

= VR4 ¢ v (450N~650N)
, X phig i Y i B
b (mm) (mm)

Mean S.D Mean S.D
1 -0.21 1.07 0.19 0.79
2 -0.19 0.88 -0.02 0.94
3 0.11 1.24 0.11 0.88
4 -0.03 0.95 -0.27 0.85
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AR Foi o5 4 iRl g 505 4 R R £ 8 (mm)
N/sec 90N~160N| 90N~200N | 90N~300N:[113N~160N 113N~200N 113N~300N
11.86 3.71 3.46 2.95 3.39 3.19 2.61
22.61 3.56 3.24 2.66 3.27 3.07 2.48
34.48 3.33 2.98 2.45 2.53 2.37 1.98
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(mm) (mm) (mm) (mm) (mm) (mm)
B R 0.91 -0.22 0.04 0.91 -0.22 0.04
BB -1.34 -1.00 -3.17 -1.34 -1.00 -3.17
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A fEs A Tl A P R R B GRS e f k- BB
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(mm) (mm) (mm) (mm) (mm) (mm)

B R 1.02 2.47 1.21 2.86 1.07 1.40
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# 5-1 R4 8R4 2EL At

Vertical
oad F, error(%) |F, cross_talk(%)F, cross_talk(%
oa
(Kgw)
Mean | S.D. Mean S.D. Mean S.D.

65 0.51 0.31 -0.44 0.30 0.21 0.34
90 0.67 0.34 -0.24 0.31 0.0d 0.42
140 0.82 0.33 -0.25 0.29 -0.05 0.42
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# 5-2p4 R R4 B RE S 2EL At

Vertical
F, error(%) |F, cross_talk(%)F

ross_talk(%

load Y
(Kgw) Mean | S.D. Mean S.D. Mean S.D
65 0.00 0.14 -0.04 0.16 -0.01 0.15
90 0.00 0.12 -0.05 0.15 -0.05 0.18
140 0.01 0.10 -0.03 0.13 -0.00 0.18
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7 5-3 B4 BAHBERIERA ¢ wE A Nt

Vertical
load
(Kgw) | Mean S.D. Mean S.D.
65 1.46 1.01 0.71 1.87
90 1.52 1.02 0.63 1.82
140 1.59 1.03 0.57 1.73

P, error(mm) P, error(mm)

BlAEHEs e e R PRSP A SRR BT SERE B4
BFEwA Rl PO B L N Aok 5407 o Be 4 R f § 65Kgw-
90Kgw 2 140Kgw = 34 S eriz + BE Y 74

 5-4p)4 g H B ERURA ¢ o SR {82 %A st

Vertical
load

(Kgw) | Mean S.D. Mean S.D.
65 0.04 0.49 -0.03 0.60
90 -0.01 0.49 0.00 0.67
140 0.07 0.48 -0.06 0.59

P, error(mm) P, error(mm)

B4 EHBERIRS P A SRR BIERRIRS P B R F S H £
BRA D XY phE R L P AL o dodk 5400F o B4 P X phERT IR A
-0.01mm~0.04mnz. & ~ &£ #& X 4 0.48mm~0.49mne. & » &4 ¢ Y $h T35 1
%-0.06mm~0.00mnz_ f¥ ~ %% £ & 0.59~0.67mme. ¥ o

BlAEHBE - REBET R PRIET Y SRR B DA

RRA P S AARREE 0 AR T 1 140KgwE 4 TRl 4 Ea 8 5 ) 0 4o B 5-10~ 5-11 47

7+ o B 5-10 ¥ yﬁ]?%;%@; 54 g HEE S e L4 JERA P S EEIE
R LS S NEE AR L AR &L 8 UL R

73



A
L O S e L L L e T S e T T T
A S B B | L S N e T T T
| A A | D - A ST (I N L EFEC F
A A A A A S A R S O T T S U T T
P I I SR o B I S TR (O S S e E
A A P L T T s e E
i ©
| A A S A R S S A R S R R T S N T
F AR A S SR SRR R I R AT A S A R SR § Vs A B
A A B AR Y S A T S T e
y
| 1170mm |
B 5-10 B4 §59% 1% & 140Kgw £-8 f FAN H 2 4a gk COP#A v &
A
b I L
¥ E
‘ £
| , o
oy N~
. . ©
y
| 1170mm |

Bl 5-117p1 4 54 4% & 140KgW £ 2 § 7 H L 1 2 COPR I 2 FLw &

FH4p 4 B h 1% 189+ it gk 4w u 65Kgw90Kgw 2 140Kgw =

|rml
L'
a‘\
ks
et
Ly

ot
&
'

Mo - REERE P B R T TR RORS i HRA PP p
A e < B4 1.20mms B4 ¢ o PApiE A B < B4 1.90mme ¥ g & IR

R4 P s (R, B)ip At 0.5mm poo Bobbert[41] + + 3 48 ke 5 % (f

74



1000N 2 + pEERIR 4 ¢ o X B {20 ) B2 Rt R4 P adp it L v gl 4 (P AR
AE < B 0.31Imms P ap 4 B+ 2 0.28mm)k 7 5 > 2Rl 4 §adh R4 4E or
BRIRA ¢ T30 F B ¥ (£ 5-3~ & 3-3)¢ LA 4piT o d AT L R4 a8 E
By REBETAAER AR FE] R PFREREELERT SRR T
DA T R BB ERIFERER A F 5 3320 B BE /?'J%J,?I 117x67cm: @
B4 H£.50.8x46.4cm) Flpt A TR BEH B AR P o e K5y Fal

AAFTRABEH B A B4 R L FF e R RATKILTiEk P BB G P4 IR

frehs m

;‘E'Jﬁééi—*ﬁﬂbﬁr‘%a BLo 2 E OV E BERBIA Er BRI B X PSR
(Bending Moments} F 15 2 T Fdl o fru g R4 EHR R G A S & (Bl E)
Podagd R4 P e B REA[22] -

B4 BB R RIRS P SRR 54 Bhenin ¥ 0 AFF 11 140KgwiE 4 3R
B L 0 4Bl 5-10 ATm o R EH 189t B A dp e {5 (140Kgw)ik 2 T H
FEw S R R RIRA Y R Ap e 0 B AW A B < G $EES 5.16mm- &)
FHIEHE 0.57mme A &I £ & B HIEAE 2.24mm~ B | % ¥EEdE 0.15mme @
@ﬁﬁ@%&@i$ﬁ§W@i6u@ﬁﬁ%@’%7§%&i%@£$%ﬁiﬂ’ﬁ

AR ZERIRA e B g P AR e
5-7 # ‘E_-'?—E\'@J ¢ .u,sg;gg

MNET AR s 189K g LT f i\- 115Kgw i® & 5k 5 B15E T AL o B
dgah el £(F, F,, F)2R4 9 (P, P)ELky bk 55 7 o 4 5
BT R E 4 L TER A E.0.78% R E L E At 0.32%¢ Pl §a 9 18 T
crosstalk F14 @ fipl4 gaH 4 4 kT4 (F, F) R4 8B @18 RkT 4 (F)ang
L TioEF ~ v -024% HELF A 1 0.30%: Bl gadh er Rk T 4 (F)) kL T
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£ 55 4 pah B R4 RERS VoL Bt

Vertical
load
(Kgw) |Mean| S.D.| Mean| S.D. | Mean| S.D.|Mean| S.D.|Mean| S.D.
65 0.51 0.31| -0.44 | 0.30 0.21 0.34| 1.461.01| 0.71| 1.87
90 0.67| 0.34| -0.24 | 0.31 0.00 0.42| 1521.02| 0.63| 1.82
115 | 0.78/ 0.32| -0.24 | 0.30 | -0.03| 0.43 | 1.57| 1.03| 0.61| 1.76
140 | 0.82| 0.33| -0.25| 0.29 | -0.05| 0.42 | 1.59| 1.03| 0.57 | 1.73

F, error(%)| F,cross_talk(%)F, cross_talk(%9)P, error(mm)P, error(mm)

ARG R w4 fELE f ' 65Kgw ~ O0Kgw 2 140Kgw 7 § i TR Al i
FRBTERB D LD f L 115Kgw 4 BE R ¢4 oA A RS o d 564 o
A B E G Ly 4 gL THER A 0.01% HELE A~ 0.11%: kT4 (F)
HTE LTI A 5-0.03% EELF A h 0.15%; KT 4 (F ) anEL TI0EF A

v -0.01%> & X 7 A vt % 0.18%-

% 5-6 Bl BHPERA RERA P T {82 A

Vertical
load
(Kgw) |Mean| S.D.| Mean| S.D.| Mean| S.D.|Mean| S.D.|Mean| S.D.
65 0.00| 0.14| -0.04 1. 0:16 | -0.01{ 0.15 | 0.04| 0.49 | -0.03| 0.60
90 0.00| 0.12| -0.05| 0.15 | -0.05| 0.18 | -0.01| 0.49 | 0.00 | 0.67
115 | 0.01{ 0.11| -0.03 | 0.15 | -0.01| 0.28 | 0.03| 0.48 | -0.04| 0.62
140 | 0.01/ 0.10| -0.03 | 0.13 | -0.00| 0.28 | 0.07| 0.48 | -0.06| 0.59

F, error(%)| F, cross_talk(%)F, cross_talk(%)P, error(mm) | P, rror(mm)

S f - 115Kgw tfer Hipl4 gah 4+ R Bend $34 40 5-12 25-13
A5 oo d B 5-12~5-13% 4v > &% 4 (F)B 0 48 F » 24 & ~ E4_1.69Kgw~ & | & &_
0.13Kgw> &% 4 (F,)i it 4 #3345+ &5 0.47Kgw~ & -] & £ 0.00Kgw- %l 4 54
Hga LI X R RN FRELE 4 BRIP4 AR R s LR
AR TEROFELE S BERED A FAR) R ELE § 65Kgw - 90Kgw
2 140Kgwip ke o d Bl 5-97 4v > 8 4 (F) B 24 5384 % 1 TRl jash g X
PR R BEREE 4 (F)B T S5RLPGEL 0.47Kgw) H 4o B3 p|E-E 4

(F)i & % 384 pagec ¥ o
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FI* 1247 h 2 FE TR MRS TR AR AR 4 R L

FEM R (E% BP o BB NS 4o

16
Fo = — Mg + > . ma (6.1)
i=1
~ 16 16
M, = I.X(— Mg) + Z(Txma) + Z:Iic‘)’i (6.2)
i=1 i=1
= PxF, (6.3)

F ZRIH RS FLE A o
Mg @ Rl 3Rl 4 7 R Bb2 4 48 o
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AR (15)EERE
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oo~ BRIEAH G KR GO A (16)T B v
R RA2(L7)d ¢ BE2 FEAE o
% - g b FRIA A TRRA R e B LB RR
(18) % I g g | A= (L7)F pEHL ~ B 5 134 R(20)F)3+ & B R 2 & BIE
(19)~ 134 R (20)&k 5 B RIFF A8 5 £ s % - T E(18)1 ¥ 7 1
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REFEEHEF LS A B RRIPE Yk 2 R4 4 L (AMTI, Mass.,
USA) & - & EHB A4 - FRETHREWE 2 P AT 2142 RAER
A B & e m Ay o (flexion)fe ok & (abduction) 5+ B & e w0 By b 5 = 4 %rik B AR & e



Byd ~ e f5 @ OE (extension)fe ¢t & (abduction)s A B & Byl 2 0 F diT2 R & o TATER
A S A Bl B R GEREEZ 24 ) 0 ol 6-3477 0 &R R i 2

ERIRA b b BV R RF A B CAFL R o A F RSN KT

2y

CRIE AR 1S R B 0 A BRI ORI G B R 4 3 iR R
B oo B LRI SR F BT PR 0T L2 E - B ERREF S 1L
PEGFCEBMRTRLAERP 2 = A ive 47 % 2 (Vicon 512, Oxford Metrics,
UK) » BBH 2 %2 g Bl o AT 2 %2 2l eg « Bl 7k R

E3NLF fer 4o e

Bl 6-3 A s £ RIX ORI RIRIF D S L o - BRI R fndp R

A7 00 Matlab £ B 4250 0 345 S AGERAB B B Rl F LR IR

BERBERTERRTcEE TR R Foed RE LR 4 i
R~ RS R XGRS FERPE AL BERT 24 EE AFNF 4 R MR
iRl ERA P g o

5 <o
B o 7?‘

63 B G ERNIABERRZTE

BAMOEREARR T LA THERERR > PF RN EREZFE
R AR ERRE T AT AR R A SR RE(d, =110 16)

F]SRiF 5 AT 2545 3 (inhomogeneousiig £ Hi@ 18[61] - Flpt 7 ax 11 SgER Ak A<
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SRR USUE SRRV U S RVE S -] NSTE S —‘%L%&(d“ Ldy dlg) s IREE
A B T e o A R FIRIR T Y (AR ATy R 2 2 ap RS
Bo ZPIFAFEE TR A BEF R AT g (COM) B il 35
BoZplA FRRZRA P B (COPRFRAZ Bt A FEEIHEI12BF T 2

PR S B E T T

min {4 &.., af)=i (a(d,d,..d)- ) (q(dd..d°-p,) (6.4)

i dv q + dl(\/l& 16(dl7 d18 d19)
q; == v (6.5)
Pt BFBEBETRAFRELRERS Y ke

G @ B¥ | BEETLREFEES 2w

G @ &% [ BHEFTIRIFEMT R ALE RS FRPROEE S E
d % iBREgAE

Vi E B A

g AFjRHEETRIBREDOTOEE S E

M o RRETE

TR R RN R 2

> dvi=M (6.6)
i=1

d <d'< d i=1to 19 (6.7)
stqd)<S i =1to 16 (6.8)

FF(6.5) FERBIFERATENRE E NP FRMTEERE - 54 5(6.6) 5K #
ﬁ'g:)l H*fk’$)§£§%§¥?u]ﬂ37#]§]l‘qﬁ: ﬁt’q&%gg?
% (lung)£_0.563g/cm’[61] ~ ¥ % & (cortical bone}_ 1.8929/cm [36] 0 #7022 S E B A

ltt

H% R 9% 4ol > dovt
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(d',i=1t0 16} H £ 055 1.9 glcm32 & « @ Jpiz oo =B 275 =% Ha £ (47 -
d® . d¥y 4022 02ma B - X5 (6.7) L A A BB SHEE LR [ 0,050 AF7 T B

Eiv 2 E Y - =i 5w B 2 (SQP, sequential quadratic programming algorithm)
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chif Faf > R MRl A B B B T kR Bt 3 2000# Cheng[35]

% 4 2 1955% Dempster[37} #RI3+ 5 F /gk BN~ AT A RS B ot o
641 A AR EFTHE A RFH2 T

AT R A - 23R B T RAAMRI TR R 52007 R
EHRE AR T TNER] Ao 6-4~6-9777F o H P HEH TER 12 L H 0TS
AREBECE AL B A T SR AR E SR TR TR AR R A ]
BIEFy ANBERE AR TR TS BAF SRR E TR EREITE o AR R
Bei it 22 A E R Joag 308 Cheng[35k 4 2 Dempster[37} iRl 5 F

JrE s Ay 2 CREF AR R B AR AL R 2 e o P R RS e
% (COM) > Tt g COM £-8 pl4 3 @b ipl 4 Rl @R 4 ¢ w(COP £ 2§ & #
fe Bprft2 7R3 G oG E A MRS T BLE 54 BRI R RS ¢ 2

=y Fwd g2 AR
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W 655354 B HE 90K

B 6-7 4K & 0 & 30 &

Fl 6-6 4EH & ¢+ & 30 &

86



SR A BELS R

SRR LIS BT

#8 0.66(w + 5 1) 2 Fw®

B 6-9 % B & Ayd 90 &

Sobritma(d,i=1to0 16y 6-2

A R SR 3

Dempster
2R 1.0628 1.11
) 1.0571 1.11
$REF 0.9560 1.01
A 1.0305 1.01
RF 1.1157 1.0309 1.07
0 R 1.1186 1.0189 1.13
= 1.081 1.0366 1.16
* mg 1.1021 1.0256 1.05
| 1.1643 1.0276 1.09
g 1.0866 1.0479 1.1
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AT FEERG T AT o 2 PR ERERIE R TS ALE S

El

2.59mm: &% £ % 1.07mm:> @ Cheng[35F * T % & 5 13.19mm> & % %
4

6.01mm- Dempster[37F #2:£ % & 52 15.25mm> & % 5 4.49mm> 4 6-3 #77 o

a4

HEPLE TREETeR 2 2 2 AP 2 R EREREL TIHFLES

3.25mm:- &% % % 0.78mm: @ Cheng[35} + T35 % & 5 15.27mm> &% %

Y

5.26mm> Dempster[373. T35 4 & 5 16.98mm- &% X % 4.81mm> 4r 6-4 ¢

o

-
@%ip;%%{ﬁkwﬁﬁéw%ﬁ’%u&%4§ﬂ%?%’AW?ww“ bd-E
R AP BEE R FRIERA w2 L RAR ] B LRI TR TR R
FEo#TI o AP 2 EMELEFE TR w8 o‘gk Cheng[35FE + -~ Dempster[37]
MR EZFRESFEY e A COM#E COP2 T3o L 2 R £ 2 v > 7 {1 AE 5

AR et AR PR FEY SR A

263 AFF g AR ET AR R T R e

B E R B 2R A R ¥+ :mm
#F b iE (% % 7 2)| Cheng (2000) Dempster(1955
el S g IR 2.2 10.2 12.8
+ A K& e 90° 2.6 9.6 12.4
= K B A d 90° 3.9 22.4 25.1
+ R A e 45° 14 17.9 17.3
=R e iy 45° 0.6 17.7 16.3
+ K B &t B 45° 3.7 11.9 14.2
K M a et B 45° 4.3 9.4 12.0
+ R By d 90° 1.7 18.1 20.4
SRR A e 90° 2.5 13.0 15.1
+ &M & B 30° 3.6 19.3 18.6
L AER & ¢F B 30° 2.7 12.3 11.5
FFINE W 30° 1.9 6.5 7.4
T oA 2.59 13.19 15.25
L 1.07 6.01 4.49
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% 6-4 B A ARBPREFER L BagTe Hiomm

E= 1S TRt (~#2 3 2 %)| Cheng (2000) Dempster(1955
8%iF Ay d 30° 4.2 14.8 17.2
+ %ﬁ?ﬁ? g d 45° 24 19.2 18.4
+ &M & ® B 30° 2.9 19.7 18.6
= KM & Ay d 45° 18 18.5 17.8
+ A B & Ay 45° 4.0 8.1 11.2
=B Ma ke 45° 3.7 22.9 27.4
+ A B & H B 90° 3.2 9.8 12.7
= K M a B 90° 3.8 9.2 12.6
T 32384 (mm) 3.25 15.27 16.98
%% £ (mm) 0.78 5.26 4.81

AR LR S 175 8 8RR 3 AR R e g o
P RR S T Ly RICRNEE S gl PR SR S A S e P

¥Hpl 4 v B2t B B 2 FORI TR 2 FEA 13934322 4 F (root mean square errogk 5t 0 m

AREERIA e EE S el BB BB RE L S R E/RRHER
(%BW)# 7+ » ## 7 £ & Cheng[35F % ~ Dempster[37} #8735 F 4L < JF%’EP& ~
TP 24 MECE WA B0t o 4o B 6-10-6-118 % 6-5471 o At i d TR IR Y

AR iE R B R B R R E2 AL AR 22 5 8.8mms @ Cheng[35FK 4 -

s

HERZEFE

Tl**‘

Dempster[37F & 5 23.3mm 33.4mm- {<p &5 & AFT Y 2 2 A0
?ﬂé.u£§gﬁvf Bl s Brred BT FE TR fﬂfr'“rll’(%ﬁi”*ﬁ;»é_;_f 4
ol o Fpt AT 3 32 &2 Cheng[35F 4 ~ Dempster[37f A § 4R 4 fr -2 > v s 4 2

R ESERIELFAART

% 6-50F 4 i AR E R b T2 BTl

Ry R T SR OE (## % > i%)| Cheng (2000) Dempster(1955
COPz££ (mm) 8.8 23.3 33.4
-8 > % B4 E 4 (%BW) 3.4 3.6 3.6
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——————— measurement
GRF Z component Present
1000

= Dempster
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time (sec)
GRF X component

23

(8]
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L

time (sec)
GRF Y component

force (Nt)

time (sec)
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COP in squatting
280

........... measured
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Dempster
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anterior/poterior position (mm)
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210 | | | | | |
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@641%4f“4%ﬁﬁH?E®, '~@&600P$ CREASalE

642 % 4 A MBI FHE S HRFERL =R

T3 12 A EE (2422 yrs; 698 kg; 1785 cm) (Eip 4 1+ A BRI F ol

TR A 12 A A R REE B A AR TR T OE R 2 B F

%

Cheng[35k + 2 Dempster[37F #8p]3- 5 F 4L~ J*Jc BEAP I Bo AT R A A BB 2
B2 P ME T A v drd 6-677 0 3 4 AR A BB 2 B g (3 % TH ARG E 1
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£ 6-6120 2 L A MBI PMET A ()2 TIHEHREFL) & T2 R
| SREF B | RE | SRR i e | e | L

kF % | 713 |385.32| 11.17| 3.73 | 1.33 | 0.57 | 11.41| 4.48 | 1.66

> (0.59)| (1.72)| (0.94) | (0.28)| (0.09)| (0.06)| (1.04)| (0.37)| (0.16)

= ok

%?3%

=

Cheng | 7.25 43.5 3.77 | 141 | 062 | 128 | 4.14 | 1.88
(2000) | (0.6) (3.5) (0.5) | (0.3) | (0.32)| (1.8) | (0.3) | (0.2)
Dempster

8.1 355| 14.2 2.8 1.6 0.6 10 4685 1.45

(1955)

£ 67120 4 LR B (%) TIE (R L)8 2 it R
B SR | SR¥R | A | PEF | R | 2 DA B R
*F 3 | 87.42| 69.31| 49.00| 43.80| 42.95| 49.67| 43.79| 43.25| 48.55
=& | (2.40)| (5.02)| (0.68)| (0.90)| (0.71)| (0.60)| (0.76)| (0.78)]| (0.42)
Cheng | 49.60 60.20 43.40| 47.30| 42.00| 44.70| 44.20| 54.00
(2000) | (1.8) (2.4) (5.6) | (7.0) | (9.6) | (83.5) | (1.2) | (3.8)
Dempster
(1955)

100 | 63.00].10.50| 43.60(43.00| 50.60| 43.30| 43.30| 50.00

% 6-8120 4 ¢ AMR R L LA L oE (B L) 8 2 BT R
iRES EESE | SREF AR SRR a RE + SR R 5
=y 032 | 034 {032 | 030 | 030 | 032 | 030 | 030 | 0.33
RS (0.004) | (0.009) | (0.004){ (0:008) | (0.007)| (0.005)| (0.008) | (0.009)| (0.010)

Cheng ] A

0.27 0.32 031 032 032 026 037 034
(2000)
Dempster

0.50 * * 0.32| 030 0.30] 032 0.30 048
(1955)

LR ETA

B kRTBATY AT %‘rﬂ SRR 2T RN AP EE 1208 A R
FAE B R B (T R (SRir A ¥ 30° - MM &8 W 45°2 A B & R 90°)
FRFFHIERE 12 (=& & »,:Fik%g_ - B ITEHTLE }_jffgrg,«ﬁ » ¥ meﬁ;{r
g R R FRPEER S FERGRS P2 R A n UL T ESREL R
&7 o AFF Y 221 & Cheng[35F 4 2 Dempster[37} #8p|3+ & 7 4L v}*k EIRSIPSIN
oy A MBI RO R ded 6-9977 o d & 6-94 > AFT% 2 COM 2 COP2 T
R E E A 2.72mm~4.68mm. B ~ 15 X A 1.23mm~1.52mm. i - Cheng[35] COM¢
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2. T3a L @ A 11.05mm~17.62mme F ~ &% £ & 4.04mm~7.39mmz ¥ >
Dempster[37]COM &2 COP 2 & 3232 £ @& & 14.65mm~19.62mmz & ~ {53 £ &

5.58mm~7.12mny_ fF o #7102 5 12 L A X FF A F AR TR MG P Ay 2 AT
W2 FE~FE¥ v~ gk Cheng[35} Dempster[37ftit -2 R ~FE Y < { & Bme
% 6-912 = A R H TR A T hmEEr AT e N EEEREL TSN
1(REY) ¥ : mm
F e v (Mg 02 Cheng (2000) | Dempster(195%)
o 2.72 17.62 19.62
B%EF Ay d 30°
(1.23) (7.39) (5.58)
4, . .

YEM & Ay 45 68 15.30 15.04

(1.52) (5.31) (5.78)

§ R 90° 3.3 11.05 14.65

(1.44) (4.04) (7.12)

Y

fLiflzl“T%\'&iFéiHé;"ﬁ—f?ﬁvl LH AR FEAEMIEE > 2 E ARy

Bt

<

R[4 iw b2 5 4

pé‘ﬂ l__éj g\[}@ IF—-?-

BpA B

H’I"p jfi“ A f8

RIVRA P Wi e 2 nd F2 2R o F - AR
MRl et g D e LRl B2 34 1139
AREERA B iR

(%BW)Z\ T 012 1 (st = A 71 Fé;ﬁé“' Ak ih f%_’gﬁlr’i’_;f—

&)

133% 4 g (root mean square errgept > m hdw P4 By @

e

ek

B2 A e gL /g Rl FER

At §uE A TmE AR L Y2t A o0 Aok 6-10%77 o A8 7 £ ¥ Cheng[35]

Dempster[37F #8p3+ & T2 J‘Jc BN AP 2 A MRS ot ke d £ 6-10F

foo AT F 32 COM & COPz Lo i1 & #_9.4mm- & 1 2.95mm Cheng[35] COM
¢ COPz T 323 % & £ 20.6mm- &% ¥ 531mm- Dempster[37] COMZ COP2 T 35
FA B A 27.9mms A £ 13.37mme 704 0 12 LA 4 L g b b i TR
AT EMELFE T EY w2 ERFEES 1I§J< Cheng[35] Dempster[37]14& =

MR E TR 5 Fr

d T R RS B e ML E R A S R ] T

Cheng[35]- Dempster[37f * # 4P|+ 2 * w354 H B g2 §pliE2
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# 6-10 121+ A XA R B H i d (T2 Brp P e

(~# 7 7 i2)| Cheng (2000) Dempster(1955
94 20.6 27.9
COP:£Z (mm)
(2.95) (5.31) (13.37)
S e 3.1 3.2 3.2
(%BW) (0.75) (0.78) (0.78)

643 LI AMRFEFTHEL A RREL TR

_mr

TS S AR LR B PR RN B R b S IS R Sy
[35~39]> W} &M T LT 0~2 i % 22 FA[A0] » @ 6~12 i 524 e Rt
EFEHEM 222 Fdee TR TR F oG R 23 (55 612K ) - EAfRE
7o
(4 Dempster’s Coefficients ¢t #& @ ¥ & #-7] #7F 2 ﬁg.] N FBco JiTE DR F TG

\_

HEAI2ZAZ P AT EHEAT ARZRP B EA A RO L]

—q;“,

L 6~12K R FTH 0 FIEAHEANY M RAM 2 AERH B F LR 0 A
SRR FRFEITE S KA BE T A ER E TR AR 6 7R
#H i A %‘r‘*z%*’f—ﬂ?{ o BTN ARG ARBBCE RO R B2 ka2 AR 6~12 4
LEAMRRET R EREFRE R 2 EEREITR N RTRES &
2B T T2 F o

AT F A4 20 P iE B 523 (943 yrs; 3140 kg; 1308 cm)i 4 Rl E Tz 5
%o 2052 FFEZIRE AR TESEER B PASFER 12T H0TL A
BEFAZBACTR S FRMAMERE L FE TS @FFE > A FLRIF
V8MAEHE AT R ITRLBAF  FLERE TR EEE TR

AL 20ERE XFEFERACARRPRFTHE 2L SHE20201 XFH
BA AP E TR SR EEEF 2 K3t I 2 Cheng[35F « 2 Dempster[37]
AR R TR AR e AT 0 2 0 A SR B 2 L E T A ik 611
TR SR AR E R B B (D R BT AR B R R b)) drd 6-12
Aok WEAMEREHToRERFREE 2 L T(HEERER R B]) 4ok
6-13#77F o d % 6-6 ¥ A 7 =z ~ Cheng[35F + 2 Dempster[37H = 4 g 5f ik > &
BEF Ao w5 7.13%7.25%81% @ A 7 CHEEFE2EMEE ~ v 5 9.81%;
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Mmoo A BRIFIE D EME T At AT 22 5 35.32% Dempster[37f 35.5% @ *F §
SRR E LM EF AL 5 28.87%  F T Ao 4ol A A BRI E FRITL @
SRR ARl ~ Sl RIS TR B A TR R AL L S

% 6-1120=52F LB 2 PMEF A1 (%)L THREGRREL) & R R
G| | RiE | OB | DF | WA | £ | x| | &

*% | 9081 | 28.87|15.96| 2.54 | 1.32 | 0.46 | 12.00| 4.83 | 1.51
=35 (1.54)] (1.72)] (2.2) | (0.22)] (0.10)| (0.07)| (1.44)| (0.50)| (0.27)

Cheng | 7.25 43.5 3.77 | 141 | 0.62 | 12.8 | 4.14 | 1.88
(2000) | (0.6) (3.5) (0.5) | (0.3) | (0.32)| (1.8) | (0.3) | (0.2)
Dempster

8.1 355 | 14.2 2.8 1.6 0.6 10 465 1.45

(1955)

% 6-1220= 523 F i o B (W) FEERRF L)E v T R
B PSR | SR¥F L oA LY TR + DA B B
P Y | 84.32| 49.46| 49.27| 44.91143.83| 52.53| 43.59| 43.66| 42.93
RS (2.70)| (0.91)| (0.69){ (1.19)| (0.59)| (0.14)| (1.69)| (1.05)| (0.06)
Cheng | 49.60 60.20 43.40( 47.3042.00 | 44.70| 44.20| 54.00
(2000) | (1.8) (2.4) (5.6) | (7.0) | (9.6) | (35 | (1.2) | (3.8)
Dempster
(1955)

100 | 63.00f 10.50| 43.60|43.00| 50.60| 43.30| 43.30| 50.00

% 6-13 201~ 524 & sEaEgE L s 7—]-&’115'(4(@'.%})?}’?}*% VEESNLE 38

G FRGE | SRiE | A | A | BE | £ | x| m | K
Y 030 | 0.36 | 057 | 0.28 | 0.28 | 0.29 | 0.28 | 0.27 | 0.29

> (0.00| (0.01| (0.02| (0.00 | (0.00| (0.00| (0.00| (0.00| (0.00
7 5) 6) 6) 6) 9) 7 6) 5)

Cheng

0.27 0.32 031 032 032 026 037 034
(2000)
Dempster

0.50 * * 032 | 030, 0.30] 032 0.30 048
(1955)

*: éﬁ\#&l‘t?ﬁ‘}"‘
O ‘Eﬁ?ﬁj‘f{ﬂ;ﬁ SR RL NS E Jgg‘%a,ﬁj;%fr%g N ’Pﬁ’,\, > % 7 fbr} > £§7vfl4i_]-
20 =523 ipéﬂ MRS BRGNS E 2 R T (SR A 30° BUR & B o 45°2 %

Fﬁg ;{—:f’}fé 90 )IF—EE{‘}:{;'T’_]E o 20 fi;’aii;ﬁ—%—z l"l"—ﬁ %;—L;Bﬁv ]‘E‘_é %’LT—‘J— B ‘% F/ ’Fﬁ,u ]vv
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FoO VAT R LR R FRPBEERAFRERPORY P 2L m UELT
PEEERE L Y 4T o AFFY 22 L &2 Cheng[35f + 2 Dempster[37} #8 R+ & F
B R L AR B R R B dod 614907 o d & 6147 dv o AR
72 COM 7 COPz T3 % & & 2.07mm~3.89mny_ fF# ~ &% £ 4 1.61mm~1.92mn-
7 > Cheng[35F + COM £ COP 2 T 3534 i & 15.05mm~18.47mm. 7 ~ £ £ &
5.30mm~8.07mmz_ /¥ » Dempster[37] COM¢z COPz_ T #53%-% & & 17.88mm~24.33mm
RSB L A 7.03mm~9.06mm F oo ri2 > 20 03 X R F AP A TR IR
PARAPETEELTE TR v ;;% Cheng[35F * - Dempster[37]7#& &2 &
N B

% 6-1420= 203 X TE EE FRAERTE 0 ATz R EgEREL T

4 (2 1) H = mm
% Sala (~# % 73%) 7| .Cheng (2000) | Dempster(1955%)
. , 3.89 18.47 24.33
$%EF Ay o 30°
(16D (8.07) (7.03)
P 2.07 15.05 17.88
REB & By o 45
(1.92) (6.83) (9.06)
. 2.58 17.17 21.81
KB & ek B 90°
(1.87) (5:30) (7.67)

AR A 20 0E KR AT BT B ER AR 0 R A
YA T B2 54 Bl FERGRI P I LE e d B LB o E - kK
EE AR LS TEFEM T EEY AR T B B B R R B 2L e
1334 i# (root mean square errge)t 0 @ A RBP4 F ALE 2 w4 Hb B B 2§
B2 3 3 AL B/ RIE LR (WBW)A T 20 22 F Ly d G (TG
Batt > B B R Y B 4T o ok 6-1597F o A7 3 £ & Cheng[35K

A~ Dempster[37F HRI3-5 T2 )*Jc R~ AT P 2 A BB RO o R o

d % 6-157 &> A 7 * 2 COM ¥ COPz L3538 1 & 8_7.9mm % X 3.23mm
Cheng[35F + COM £ COP 2z T2 4 & 4 24.8mm- &% % 6.72mm> Dempster[37]
COM & COPz T2 % 4 _31.1mm-~ % 1 16.28mme- #7127 » 12 £ 323 % F:%F] ey

B ERREEGEG L AP S W R R Y w2 80 422 Cheng[35
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A~ Dempster[37]r4t i= A BRI E TR L 5 Bm e

d SRR R TR ST A ERER AL A R F Ay 2
Cheng[35F + ~ Dempster[37f* 4 4+p|4 g5 > 254 HP B BB ERE2FL4p
iF o

% 6-1520 23 A MR FE i T2 Brgldis i

(~# 7 2 i2)| Cheng (2000) Dempster(1955
7.9 24.8 31.1
COPz& % (mm)
(3.23) (6.72) (16.28)
ESERC N = A 4 2.7 2.9 2.9
(%BW) (0.79) (0.81) (0.82)

65 A M FEEYE X B E

AFEE I EE R R AR TR(E SRR R e ERE )
Ao # B i 2 COPRRL Baafli® s giit 2k 5044 Cheng[35F + - Dempster[37}k ¥
Brg o 4ok 6-4~6-5977 c BT Rk ARG HAR 7 DA RIS TAE A R ROh
A AT PEERE & BB S 2 MR AR R s Y UM SRR e LR

Lbﬁ:"o

LG 2BRRERE T MBS CHREWTE 2 LR AT S BB v h A%
TEE T ARPRIN R F TER 4 RS PR FRPE SRR R AT
i# ~Cheng[35F * 2 Dempster[37]74k i 4 #ip3- 5 T & L BB B Ap 38 & - 3) k3t
B ABHE R (TREER A TR BRE 54 & et B B o $ts > 4 GRF £ COP
|

RS2 RERE SRR 4 GBA L SR B o A TR KL 4 B (P R ded

g

o R EE AMRRTE TR A O A SRS R3] 0 ek A MR S R
6-16 #7177 o B L d (T H KRR 4 B IR L (TR dodk 6-17 #rF o AFE T MR

Bt E A RIM E KL A LY E R BB E R k& 7 (YBWXLL) -

g

9

RES

oo FIP A AMERNE G K T 4 RS P B EAERIES AR TR
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Z(drk 6-4 ~6-5-6-9~6-10~ 6-14~ 6-15)> #1120 A A R8T BB & Ak & Stenz B oA
fho b ARE 4 B HEL Y BoL o bdoo A REEF AL 2 - PERRBE & &% /iR Ay (DF/PF,
dorsiflexor/plantarflexory & H & + ;%% 5 2.68(%BWxXLL)> " i & & By o /¥ B (FIX/Ext,
flexor/extensory: = H & + & L i 2.02(%BWxLL) > LA & & my o /¥ B (FIX/Ext,
flexor/extensor) & H # * :E % 2 1.77(%BWxXLL)> @ A §§ 12 By vh T g6 (TP & A
DF/PF = w» H352 {338 1 &+ 5 5 4.62(%BWxLL) > %4 i & & FIX/Ext & » H 352 {33%
£ B+ & 5 3.56(%BWxLL) > BB & & FIX/Ext > » H 5223 1 1 & < &
3.34(%BWXLL) e @ A& 7 7 edo it 32 RE R A A RPRIE TR LA BE
FREB T T TR L B ST R S 4 B B IS L% B o Ft ;;ﬁ;—ﬂ‘ﬁ B AL A
PP R AR TR SR g @ SR R S e e o AR AL
B FEATERIAEIE G F T 4 BRSPS TR E o F R4 BB GRF &
COP#ciE- T & FApE MAA A AT d - ~ 2 v2F o £HF%H3 N R4 FR

BB ERE NS AT AR S BRI RER LR T

2 6-16 A MWE L AR FOABPRE TR T I RTINS LS L]
Ankle(%BWxLL) Knee(%BWxLL) Hip(%BWxLL)
Evi/lv | IR/IER | DF/PF | Ab/Ad | IR/ER" | FIX/Ex | Ab/Ad | IR/ER | FIX/Ex
Ay E | 129 | 035) 126/ 0.99°0.21| 1.03| 098 0.1 1.0
Cheng 1.37| 054 226 70980.29 | 2.02| 098 022 17
Dempster 1.51] 052 268 1.220.31| 1.75| 1.05| 0.24 1.5

OO

X EV/Iv © gl Fs(evertor/invertor)
IR/ER: p #/¢} # (internal/external rotator)
DF/PF: # A/ /i (dorsiflexor/plantarflexor)
Ab/Ad : ¢t E/p 4z (abductor/adductor)

FIX/Ext : Ay & /¥ & (flexor/extensor)
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2617 ARERBTHEHTHATI PO AP ETR T RTHESZS LR

Ankle(%BWxLL) Knee(%BWxLL) Hip(%BWxLL)
Ev/lv | IR/ER | DF/PF | Ab/Ad | IRIER | FIXEx | Ab/Ad | IR/ER | FIX/Ex
rEF D E 1.19| 0.37| 2.31| 0.90| 0.20f 1.88| 0.97| 0.17| 1.88

Cheng 1.50| 0.56| 4.50| 1.10| 0.23| 3.56| 1.20| 0.26| 3.14
Dempster 1.55| 0.43| 4.62| 1.25| 0.26] 3.48| 0.99| 0.29| 3.34
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