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Abstract

Movement change is the essential symptom of Parkinson’s disease (PD). Obstacle
crossing and walking with a simple cognitive task increase the task demands for the
patients with PD. Failure to cross the obstacle will result in falls and injuries|[ 1-3].

Kinematic and kinetic data, such as joint angle, joint moment, inter-joint
coordination and COM-COP inclination angle, is used in motion analysis of patients
with PD during obstacle crossing[36]. Although these data are useful for evaluating the
functional performance of patients with PD, there still exist difficulties in the synthesis
of the information to uncover the overall control strategies. Lu(2012) suggested that
obstacle-crossing was formulated as an optimal control problem with two conflicting
objectives: minimization of mechanical energy expenditure and maximization of
foot-obstacle clearance[4].

The purposes of the present study were to identify the control strategy of patients
with PD obstacle-crossing of different heights with a multi-objective optimal control
(MOOC) technique. 15 mid-old subjects, 15 st stage of patients(PD-I), 15 2nd-3rd
stage of patients(PD-I1&IIT) were asked to walked and crossed obstacles of three
different heights while their kinematic and ground reaction force data were measured

simultaneously.

v



Differences of control strategies of obstacle crossing were not found in height

effects, but found in group effects. The strategies of PD-I are similar to Normal group,

but different with PD-II&III. PD-II&III before treatment (Off) is shown an conservative

control strategies; There were no significant differences of control strategies between

non-dominant limb and dominant limb during obstacle crossing; Strategies of PD-11&III

after treatment (On) is similar to PD-I & PD-I1&III; Differences of control strategies in

leading and trailing limbs were only found in Normal group, control strategies of

Normal trailing limb is more conservative, this mean the visual feedback is not effect in

patients with PD. The present study is useful for studying obstacle-crossing form a

system level perspective in patient with PD. The results will help in classification of PD

and estimation of medical treatment.

Keywords: Parkinson’s disease, motion analysis, motor control strategy,

obstacle-crossing
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et Ed ¢ 3 7 5 AR S 2 B0 TE A 47k 5L (Vicon 512, Oxford Metrics

Group, UK) T8l ¥ B33 Almp £ 152 BB 1.5 2Ah chdps &4 > %
BA- BEAESADEBIEE ot BL21 0 BRRES B RE kiR R g
EFend plA k LAB@P DR 4RL £ ¥ ARIRET § K E Bk HT
PR R AR ReR B R o 2 MR B (AMTL US.AL #xo i

2@ R BB TR ERET KPR G F ER 4 o




2.2.2% i A%
Step 1 — ‘= #t & & k& &3 4kpE(Marker) :
% Fé'*z #t 2 S ECF R 2h(Bone Landmark) 4k REAf 85 3¢ 4 ¢h & xSk e > > E

B4R o ARREE 2T 4o = 2[34]

RHEAD LHEAD

LSAP RSAP

RSAP LSAP
/ \ / v \
RRM LRM LRM J RRM

RUM

LPSI  RPSI

RBTO LBTO LHEE RHEE

B - -2 i\ A E ke dbRbALT R B

Step 2 —# f& #& i (Subject calibration) :

RoARRREF KiRcEls 0 F AT F RiRIE Y VR ARG o e SRR

N

T R ’#g‘ﬁﬁ"iéﬁ e ffy ik R TR P E AR ETAR
;é'%,z *f23) ¢ B =% (Anatomy neutral position) #4880 A ME R VAR L A

£ 2 I AR SN T -

Step 3 — 4% #: (734 (7 ©

st sn® & ¢ 3 =80 A 85 X K 0109 ~ 2092 30% % & -
P A - BIREP § RS S ok AEBARRREY DY o X E Y AL T

Figede o Bl37 =0 itBh TR 7 ALE B o
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AFELREFH 7 F Rz B9 chipr ~ 4 R Rehd 24 dp o d 3
BAEARY T oA f FIREER D G R T A o AT SRR
Veldpaus(1988)# 74 &) eidh /| T 3 % » R F kfEeiple Ak R 7@ 4 T
g B0 32T E BEK B S S R (Rigid body) » & 2 fEd e IR AR & 5L
(Local coordinate system) & $5 1t 32 B+ & ke enfd ¢t B 2 (VWD)(Veldpaus,

G T ARR &

§g4

Woltring et al. 1988) » #7115 £ T &K * 73 K 8 AR & DT A

A 1% % %(Global coordinate system)£2 & 3% i £ & Lo f e jE o

2.3.17F BB A A TE

ﬂ}

AFEY 5 ISB R A UAE A A AW B L X T Y P L 2 Z
fhr + 0 TROREZ BINEE AR E YD P2 B 2 R fRe(F ki
)i ¥R & Ak %t (Global Coordinate System ) T #7 %_& » R & Bk

RERF AT HRTLTHRTAE IR (ATE)

12



T AL AR T AR BRI L AR 2 e (NELP
F 22 AR THEME IRk Sz e MBI [34] o
HE AR R R fe3| e ¥ B HR
RASI + 5k A bR anterior superior iliac spine
¥ 2 RPSI + 5 sk posterior superior iliac spine
(pelvis) LASI =%k A bR anterior superior iliac spine
LPSI =5 h R posterior superior iliac spine
RTRO LTRO %% =~ #+ greater trochanter
RTHI LTHI |~ %*hip] thigh wand marker
= #%(thigh)] RLFC LLFC [*%# e0¢F @42  |lateral femoral epicondyle center
F e PR medial femoral epicondyle
RMFC LMFC
center
RSHA LSHA [*=F chzp head of fibula
| RE RTT LTT |"&¥% K% tibial tuberosity
(shank) | RLMA | LLMA |**# ¢ 4R lateral malleolus
RMMA | LMMA P& e pl iR medial malleolus
RHEE LHEE |%r{s i3 heel
& ] : :
(foot) RFOO LFOO |4 ;¥ 4= F2 navicular tuberosity
RTOE LTOE |% I #¥42f |tuberosity of 5" metartasal bone

13




¥ 2 (Pelvis) kR EdE 4 5e2 k4o B =30 L RI5F 5 ke kR
Mk (RASI) ~ = RI% F % 1§k & B % 21 & (LASI) 2 & @19 % 15 ¢ §Ris o &
% 2k (RPST) % & 8 B30 Ak k58 Sy = (X, 9p,2,) © "4 RAST 5 R%E > 7 (5
215422 3%23) A2t gz Hien g o 25 20 F 2 AE % RET

# 2 LASI -

g] = -3 ﬁ}j—_‘%%‘%’ %K}j__‘vf%_/:ﬁs \E’ADT—I“ T‘égg.l

Bl # & R http://www.zygotebody.com/

~ __ PRASI—PLASI X -
Ly — —/———————— — .
P |prasi—PLasil G )
~  (PrPsI—PLASD)XZp (8 - 2)
= _ . -
P |(Prpsi—PLas))XZp|
Zy =Yy X Z, (Y =.3)



+ %% (Thigh) kR AAE & 52 &40 0 B - 4004 G B> xS b
Bk HERARTRO) 5 Bk > 1% 34 #F F 4R R 3% ) RURLFC) 2 35 p ¢ AR S
BRI EARMFC) % 8L > 7 % & = %k 388 4E & 5iSpr = (Xgr, Yrrs Zgr) 40(5¢ 2.4

X255 0 26)0 kLo

o= PRLFC—PRMFC (* = 4
— PRLECTPRMEC PO
RT = \prrrc—PruFCl
% (PRTRO—PRLFC)XZRT (+* =.5)
e X - .
RT = |(PRTRO—PRLFC)XZRT|
YRT = ZRT X XRT (* =.6)

15



Jme (Shank) 3% AR 5 42 % 4e Bl = -S(0 4 B 5 Bl) 0 RE R

AU E(RTT) ~ #F B ] e

(RSHA) i%: %Kﬁ *ﬂ ,:‘ “"L'SRS = (st,yRs, ZRS) o 1 RTT - },%' ’\!—" ’ )’z H a4 '\%

do(3 2.7 2 2.8 X 29) .

X HdRLMA) ~ P BRI R 1 R RMMA) 2 22 4 g

Pl 2 o

(PrRsHA—PRMMA)X(PRLMA—PRMMA) N -
Xps = 4 =)
|(PrsuA=DPRMMA)X(DRLMA—DRMMA)|
(5RMMA+fRLMA_ﬁRTT)XfRS
ZRs ™ ﬁRMMAiﬁRLMA ~ - (' =.9)
(f‘pRTT)XxRS|
Yrs = Zgrs X Xgs (* =.9

16
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#% (Foot) #0142 k3R ARk SLE & 4e Bl = -6(10+ B & ) » 3 H 1 ip)
B R NE(RHEE) ~ 4 )k # 2 & & % 1 A(RFOO)Z2 % 7 B g ¥ ¢ o] 5174 (RTOE)
)? * *frl_ {%& i'ﬁ' % * ,:“‘ lfiaSRF = (J?RF,}_;RF,ERF) o 1 RHEE 7‘% LF'— },%' E‘Z‘!—" ’ )[é'

B E o BT Ao(R 2100 N 2010 N 2.12) 0 2 Rl .

Bl = -6 EFAAR A Rk S &R

PRFOOYPRTOE =

- A DRHEE
= — 2; ‘\‘A —
XRF DRFOO*PRTOE = | (5 10)
> PRHEE
(PRHEE—PRF00)XXRF v -
= v - .11
YRF |(PRHEE—PRF00)XXRF| ( )
Zrr = XRr X YRF (% =.12)

17



2.3.2 B &k VAR kS

AFERER LR LR AR B TR R kiR R0 F
iR p R i o A R ARRA D DR R e B TR L AR R R R
R R A AR AR PRI AR LS 0 A Rk S i S 2 e

Bl =-7-

B =7 R &R ST L

Q
[
Q<
N
+
Qm
N
et}
—
Ny,
[
[
w
p—a

<L <8
Ny
Ny =< <

s <L <

=

Ny

)
T
=
Sy
l?_‘\,
=
Q
Il
—
<
=
-
<
T\
2

BRS = (nyz)  REE

Rg2 PE AR Ao N (B FlZay) 0 B A& AR Sk itk E B
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AL % My e B P Bk Sl he(R Z .14) .
233 4 fFEn
AFEERIFTHE A DT Bk ?,%ﬁi%] DR S AREAT S R B IR ARk Seh

A (P4 EM) * 4 8247 U@ a5k (T*% 4 (Ground reaction force,

GRF) &% 3 4 ¢ (ﬁ) (Center of pressure, COP) » 4 : B = -8 o

M=PxF, (3 =.15)

B (Y D O)TERS g o A ERRT LR NS AR

BAERT Y R RAE LA ARG R (8 4 R

19



24 - @A ﬁrﬁ:gli&i
A AR AT R EHE TS - AR 2 - e e
Lok S
AL DA DR S S BRI 0 A %) 5 sk e B 3R(fixed
foot, FF) ~ -] #+(fixed shank, FS)fr < *%(fixed thigh,FT) » % #:if %1 X% (swing foot,

SF) ~ /| %% (swing shank, SS){r+ *&(swing thigh, ST) » % 2 £ F L £ 4

& v‘v

FINE L P HEEE S — B K48 (head, arm and trunk, HAT) o #3] cBTRE & ~ "2 BE &
B e ) B4 fddld 5 (hinge joint)fift 0 T P E 2 RPRIRE B g - B
ARl S o F] L BRK R
F

P Dempster’ s 7% #c(coefficients)4r @ % = -3[35]

?,h‘(
s

BIAE 4L A SR o E SRR R S

Pl HE o A e

\v
l“\ﬂ

_
\-‘..
\U
e
,HI-
&
F
e
¥
¥
=3
gl
=%
TE
)
5
47
T
¢

E
2
s
I
bl
W
s
»

4. = -3 L8 & %2 Dempster’s h#ic o
Center of Mass/
Segment Weight/
Segment Definition Segment Length
Total Body Weight
Proximal  Distal
Foot Lateral malleolus/head metatarsal II 0.0145 0.5 0.5
Leg Femoral condyles/medial malleolus 0.0465 0.433 0.567
Thigh Greater trochanter/femoral condyles 0.1 0.433 0.567
HAT Greater trochanter/glen humeral joint 0.678 0.626 0.374

20



241 i {rEH

A AT G PRI RS o BRI G R d M
MRS T A o B A e e
HARACH A G VK & & R (Bp) b WM & 4 R (Bp) M & £ R (Bpg)
BB & & R (Opy) > H i #PUEH & & R (Osy) ~ BB & & & (Bs) ~ BB & & & (65y) °

c. B --9

1100

1000
Link Model
900 -

800

700 -

500

Y Position

400+

300

200

100

[ 1 1
0 200 400 600 800 1000 1200
X Poistion

B -9 Ma& iR TR

M & & B e 4B Dempster’s H#HcE & T E £ B 0 o ¥ 6 &2 EINnbsahf
FERE RETELMEEE o - @R ELE S 7 - Ba B4 LAl s
v Bl = -10 0 HEAIKEE £ ¢ < (Center of mass, COM) = % 2 & %-f Dempster’s

BT b S R RIREC R TR Y o ki 25
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Y Postion

1000

800

600 —

400 -

200

Body COM = Z Segment COM X Segment Weight

HAT COM

Link Model COM

Model Body COM *

ST COM Hinge joint
! FT COM
SS COM
\; FS COM
SFCOM
\I
FFCOM
., e

1 1 1 1
0 200 400 600 300 1000 1200
X Position

Bl = -10 4B & ()~ BHEFEY (o) 2L FEY (k)
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242 - @EHAH S E
@R A s ’-‘}:ﬁ;%“gv} p o %8 B](Free body diagram)¥ # 7x4c @ B] = -11 o

%‘%‘E‘ 4T e N(GY 2170 54 £ .186) ¢

Flis Ak gt 65 (F Rl 0 & 4ciE B A B R (H)F

4

R R 14
AR L AR E LR UH R BRI E 3R 5 B 5 ir(Distal)/i 3 (Proximal)
o~ shehd (B 2MFR o FRERREFRmT 7Y gk 24 e
BEARI R 05 B R E BRSPS T Lk B AT 28
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PAEAE A
BT PRIV N
Fs ankle = Mas foot — Fs toe — Ms fo0t8 (¥ = .21

MS_ankle = —Ms_toe - rS_toe X FS_toe - rs_ankle X FS_ankle (;\‘ = 22)

H e
ﬁS_toe CiE %?ﬁtif Brik B &2 b4 o

ﬁS_ankle Dl '}’?ﬁtf BrER R &2 b 4 o

MS_toe DIER TR a2 4 '

MS_ankle DR NPT UM &2 4 4B

Tstoe - HeiT Wht b & 2 T Hra3v 2w g o
TS ankle © 4T WM & 2 T A ENF S 2 9 B o
Mg foot - ﬁiff IR ’F"E’_ g

5S_foot DAL g3 ’Fﬁ_'\‘»‘ ek B oo

24



Y PN TS
FS_knee = Mag spank + FS_ankle — Mg shank8 (’7\" = .23)

MS_knee = MS_ankle — I's_ankle X l:"S_ankle — I's knee X FS_knee (’7\“ = ~24)

H
Fs ankte © (€% I 4B &2 b4 o

ﬁS_knee DT %?ﬁ;if Bk R &2 b 4 o

MS_ankle Dl %t‘\ﬁiif YRR RE 552 4 4B o

MS_knee DT %?ﬁ;ff PR B &2 4 AE o

FS_knee : ﬁ;_‘/‘f Bk B & 3 5}'2» ] "%f":u k4 r?v o
Tsankle - TR M & 2T Y B2 g o
Mg spang - Wi %7 T E -

s shank * PP A TR R o

25



FS_hip = MAag thigh + FS_knee — Mg thigh8 (’7\" =.25)

MS_hip = Mg _knee — I's hip X FS_hip — Is knee X Fs knee (7% = .26)

H o
Fopp © (E7 i PR &2 b 4 o

ﬁS_knee DT %?ﬁ;if Bk R &2 b 4 o

Ms pip © (5% B 4PREM 2 4 48 o

MS_knee DiE %?ﬁ;ff YR BE 52 4 5B o

FS_knee : ﬁ;_‘/‘f Bk B & 3 5}'2» X B "%f":u k4 r?v o
T hip * LT YPAEM & 2 ars ez n g o
Mg ¢pign - Holf #r+ F £ o

as thigh - BRI PSS Aeig R oo

26



Fyar nip = Mag,r + 0 — Myrg (¥ =.27)

Myar_nip = 0 = Ts_nip X Fs_nip = Trar_nip X Frar_nip (7% =.28)

He
Frar nip © Wil 15 $HIEM & 802 (v 4 o
Mz nip © -+ Soid 5 SRR 282 4 4E o
Thar hip - 5 AT P RO e E o
Tship - P HAEM &1 P w2 m g o

L AR .
Myar @ ST E

5HAT . __" );}l:?frn\'..‘%‘jii)i o

27



EaE 7 &/ U AP
ﬁF_knee = maF_thigh + (ﬁHAT_hip + ?S_hip) - mF_thightg (’7\" = -29)
MF_knee = (MHAT_hip + MS_hip) - FF_hip X (ﬁHAT_hip + ﬁS_hip) - FF_knee X
ﬁF_knee (’7\" - -30)

A

ﬁF_knee DR A Furk g2 o4 .
M nee © (€% %5 2 BR824 & -
Tppip - 2 AFUPREM & 1 L Furimies o g o
T ineo A BAEM BT A AR 2B R o
Mg thigh * % FH = EHE o

5F_thlgh . i ;}‘;'F}}F—" g&%ﬁ_tiﬁ ‘4(31 )i o
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EEE7 L/ IR IR AE A S
FF_ankle = MAar shank + FF_knee — Mg shank8 (;\2 = 31)

MF_ankle = MF_knee — I'r gnkle X FF_ankle — I'r knee X FF_knee (;\4 - 32)

He

Fr ankle © (7% ¥ 4 Hrp Rl &2 ¢h 4 o

ﬁF_knee R A Y ES

MF_ankle IR YL Y a2 4 AR o

MF_knee RN %W’% B &2 4 5B o

FF_knee DA AR e 2 L ) Fg‘i’%ﬁ"u 2% o
TR ankle - % 15 %P BB & 3 L Fyr | wEw 2w g o

Mg shank p e %%‘P’J‘ }‘733?"‘"1%. 5

Ap_shank * X U] RS beid B o

29



B AR LI A2
FF_toe = maF_foot + FF_ankle - mF_foot§ (¢ =.33)

MF_tOe = MF_ankle - I‘F_ankle X FF_ankle - rF_toe X FF_tO@ (;\4 = .34)

Ao
ﬁF_ankle DA o L AR e &2 k4 o

Fre : (€% 2 PRt M &2 h 4 o

MF_ankle DiTR NS a2 4 AE e

MF_toe DR L urEERE &2 4 aE o

Tr toe - X AFHPREBE & 3 L a3 F w2 2§ o
TR ankle - % 5% BB & 3 L FYrampez v g o
mF_foot . i%%wigggrg O

aF_foot P %%FE\%K ’Er'\'-i ek B oo
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2.5 EARREY 2 ik

251 Hoiiv g 2

Hp S E MRy 8 28 2 2 g2 - B 2R 3| (Nonlinear
programming, NLP)F® 48 o & if = S fcit P& B T 5 57 B ¢ cnis AR 4rp i & it
#rac(Discretizing) » #ATS chupr AR T ¥ § (F2LAE AR SRR ik F AT
BlcE n B K REE L ZY={yLy V) B n il EAR AR R
R R R 0 R A AR n AR L 2 A ZERMARLIR AR R AR
AR RHAARE > P2 R Lok bk dfE o A P R H g
ik eniSE n B K 5 20

= RO ORI AR RS 0 0 A AR EBARIR RS (P ) > AR W
%rit 43 (Toe-of ¥ Tk 5 BSARF d(yq) » GBS AXMRERAF & - BASYPET 5 T 5
AR A (yp) * RS n B2 REARE Y AR & Ut B R R S

20@F T o ZRE4c B Z-12-

1000 -
900 -

800 -

700+

600 -

500

Y Position

400 -

300

200 F At At | AL
100 | i ‘
0 ] i
200

1
400 600 800 1000 1200
X Position

Bl = -12 BAR%PRER &k Tk 2T TR LR
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AL UEARYrERRE S (L B E R R )RR E SRR &
Bod VT HEARY o ARSI & AR AT > BAn B S i d 7 % 2R
B T Y EAREARY R YO & A R o @ F b2 grah 2 RN & & R (0) ~
YR o & R (Bpy) > BM A & R (Opg) ~ WM & & R Opy) > » KRR EPEEF o

AR BRI R BE TP BTSN E Y > AR
B RIS T R E R AN & & B (Ogy) E M & & B (Og) BRM & & B (05y)°

FTYRME R 2 20 B Z-13 0

Knee Postion Search

1000 -

800 +—

600 -

Y Postion

400

T

2001

0 s 1 . 1 1 1
o 200 400 600 800 1000 1200

X Position

Bl = -13 $0F LB b &7 LR

&Rl AT AR & F (Psa) ~ BB & 8 (Py) 5 s o R %R~ M(Lst)
g ne et B E B (Lep) 5 Z/AH M > TF 2 g T AR F 8 (Pyg) 0 K
BRIR EPET i g7 3 B> w2 R FRpRAREe 8 G R g %
N
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S g %;ag;*&w,wgw TR ERE TN > L d ged F
FES I RN 3

AREpNS SMES R CMTLER HMELERENSE

&

= >

e

252 H p & E i d a8 3

F - R AR s g b ] it £ 44 (Energy expenditure) £

FERBELH o 2 P4 VA ® s Brgt B (Toe clearance)
(Heel clearance) ' 3

» PETEE A DA
ﬁ,{g %u—_ml d [Vias ;_};45 .

~ BrEd TR,

AL R Z P RSk

2.5.2.1 B a B4

BATE AR TR > EPRFER 2R 20 4 0 B Y B - pEREL2 KT

EHLREFREPRIRE o TR #

R R RV Ry R EAE -
EXat 3§ 3

Y

B BRI § U s e L i

Y ={y.y2 0, ¥}

R A R R i s

I E A 4 B4 RS
BAG 2 BB S Bl B AT
fenergy (V) = L7022 |Tiwi|at (A =22)  (5¢ = 35)
H ¢
ﬁ'%%i%&ﬁﬁﬁ¢¥jﬁ%@%1%$4%o
R ST LA

j U pE R BL2 BR & MriE R o
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2522 B~ Hrik I

Yrigh B R & G UCR R 2 OpE s YrR 2 IR 2 Y MR > AT

THREEPESGE R B TR B S An BT - &
FiTH @RS 2 %R B R o s B A
HfgE i p S Hicg Ao
ftoe(?) = _dtc (’7\" = .36)
2523 E < B Fﬁ

S g B P TL 0 B rRT R (dpe) B i 1L B e

fheel(?) = —dp, (’7\: = .37)

PO R ERERAES AP EAMEBTAR S AT LERBFUE
(Constrains) » = #2344
SA PR ELERAPLI @A -FERE) 2P dE FRERITR
RS SR RIS TEC S LY SRl S

%s 1,i=1~19 (3 - .38)

FRWFm s AT EHELETF < dn B¢ dmd ?;’Z*}%é#ﬁ?\'%ﬁ - #

RA-Z o wF 5 dm0.3~0.5:

(meom)’ < =118 (& = 39)

dm

253 P EEF G RS 17
e 2?&5+ﬂ@,§xmﬁjp«f4¢%’fﬁ?$;‘gg P HEERELE A

A # £ ;2 (Weighting method) » #-% P 5 i i S A3 = S0 ) P {R2
34



HpEEEH - H 22 iR - 2gda(W= [Wenergy Wtoe Wheel]) PR R
£ @3k v 1 2R (Normalization) {8 0 p 30 fic » i > f258 40T ¢

fene'r Y Y S

Wenergy fenergy toe ft*oe heel fiteel R

Hef*2 8 p g if L jcarshdnficd o

EH5 D fRd AT

Eaat 3
w
LR EITE S
RMSE(Yoptimar — Ymeasurea)
£

Wenergy T Wtoe + Wheet = ik (¢ = .41
P EANIZEL T ’]I%{m’fﬁﬁ‘xg ER R i - o S NN i =l S A
BE(RMSE) » P S #icjzar 2 04 BB & 3 B 2T @ Sk £ R E 0 R pFenfg

T B fE G B i X b5 fE(Best-compromised) 0 3% 1E £ B W E WP EARR AR i

254 H P& 5P R i1 Tyt T - B

Bl = -14 9750 o B i I 42 0TIR RS i PR B & (o K FA)B AR
#F % P E(Exp. Traj. 2.¢ - F )M > P o Yrisdk B s anilv; & 28 g0 §
Bol4e s A wra P (Ed B3 RS B X YR (% F A ArTER A e T

AR U R BRI -
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Y Postion

d T

T oyrEs AR A B P A R i KeE B ok & F B el vk o

FHRTD ZBHP R ST ER E LR

g

07

06

05

04

03

02

0.1

— Cbstacle
= —+—Exp. Traj. _
——Max Toa
-Mlax Heel
L —+—MinEnergy | 4
o\ Toe -off
~ Initial contact Obstacle -
| | | | | | | | |
4 03 02 -0.1 0 0.1 B 03 04 G5 0B
X Postion
X o

Bl = -14 W YrEsAxt

R
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Y Postion

R - -5 T Ea ARt 2 P R T o R R AR E R e

TRFRELER R TRRITERM SR g TR D BT g TR LR

e

% %[04030.3] -

— Obstacle
—+—Exp. Tra.
—6—[0.3 035035
——[04 030030
—=— 05025025
—+—[1.00.000]

Toe -off

Initial contact Obstacle

4 -03 02 G 0 0.1 nz 03 04 ns
X Postion

B = -15 syrisdxihaad 5 p s id CTRplL e R EE B2 B &
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B - -16 &) & &

WA AT R o I RN & i (e

§ X FR)B RRTY

% & P e (Exp. Traj. 2.¢ - F&)M > P {2 Yrisdkpad v T

B AYRPH(EI BT RSB AR R(ES F

R R i

e
B o

/‘55‘\)“!‘?? B

ES W )

Ve I SRR

09

08

Y Postion
L] () () [ ] e,
o ™ in P o

=
[

01

Initial contact

Obstacle

—+—Exp. Traj.
— Obstacle

—&— Max Heel
Ivlax Hesl

—+—Min Energy I

B -04 -0.2

i)

d TR T R

TipTd = BH P

{Fﬁﬁ 79

v & 17

0 02
X Postion

HpEimayrd|fukar &9

i"< ]L‘v'aﬁ* °
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04

= -16 (o yrEsAsR s B p RS RIER M & fup F]
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d B --17 7 FREBARRES 2 F PR > R AR EH AN
I G L WP TR M S T 0 BT A PR E LR

4 %:[0.6 0.2 0.2]22[0.8 0.1 0.1]2. ¥ -

-
-.\I

o
o

I I I I

—+—Exp. Traj.
—+—[0.4 0.3 0.3]
——[0.60.20.2]
—=—[0.80.1 0.1] |
—+—[1.00.0 0.0]
— QObstacle

Y Postion
o o o
w N L)

o
A

0.1

X Postion
Bl =-17 #eyrisAms 5 PR Rl 2
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2.6 Jit a4

AFE Y #-i % Two-way ANOVA £ Paired t-test o3+ > j2 2 (74 47 > 3= /&
AL B BB FKEX o =005

1. 2R EZR ko ¥¢ & A (Normal)~ t9& A< g5 — # & % (PD-D#
Mk g% o 2 W PDIKINZ fefid 4 2 B b i gl or WA g LR
REFHEBEELTF AR § P LR o B¢ Duncan 2 ¥ £ UE A

gttt mpAAFEe LR

2. FRFAR Awm=fARE; 3R OAAHIIFH P RAER TR 10%
20% ~30%: w3 R AR B EBELELTF AR > F R AR AR 3 A
#- % Duncan 2. F S Uz RE LT U RA S FE2 FLR o

3. MELHVEF-PEFLEREER R ERERE LRSS LA
B FALE > & (7 Paired t-test Sezt > ravt RBERI R RIS K LR o

222 S dEm 2 ) A
R TRCETE CRMEA g R R RSN S

g

*

Ji

4, WA EARY -
A %A B ALE > 38 (7 Paired ttest L3t > bR Bk B{SPEA Rk LB o

5. WISHrAR L MEEREE2 SR A DT YEARE (S urE AR B TR
#1E {7 Paired ttest 5e3- > R SR E G BEEF LR o

AP % st @ % st o8 SPSS 13.0 (SPSS Inc., Chicago, USA) -
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3.1 @ BrgAx
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AR BRELRRTIEEERRL - % - 52 BR B R g2 R

EyHEELE S ¥ -5 52 X éﬁﬁi%‘r’ﬁﬁﬁ“l‘%ﬂﬁﬁfﬁ P R 75 = B EEyr

£ 0Z-] wHEARES R LIRS R THERE L) RS A
WAiBARAR B R IR NI 252 PE-

Obstacle height (% Leg Length)

Leading Group Height Effect  Group Effect
10% (std) 20% (std) 30% (std)
E Normal 0.56 (0.07)  0.54(0.08)  0.53(0.06)
ner
gy PD-I 0.52(0.10)  0.51(0.11)  0.53(0.11) p=0.9634 p=0.0028
expenditure
PD-11&IIT 0.42(0.10) 0.46(0.09) 0.47(0.12)
T Normal 0.22(0.03)  0.23(0.03)  0.24(0.03)
oe
PD-I 0.24 (0.05)  0.25(0.05)  0.23 (0.06) p=0.9634 p=0.0028
clearance
PD-11&IIT 0.29 (0.05)  0.27(0.04)  0.27 (0.06)
Heel Normal 0.22(0.03)  0.23(0.03)  0.24(0.03)
© PD-I 0.24 (0.05)  0.25(0.05)  0.23(0.06) p=0.9634 p=0.0028
clearance
PD-II&IIT 0.29 (0.05)  0.27(0.04) 0.27 (0.06)
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31 1e@F L3
BFLRGHE - BXRE PR R PERLE R - 2 el 21

Normal ~ PD-I ~ PD-II&II » 3¢ 1 = 05 34 2 B enZ & o

1.0
0.9 *
0.8
%k
0.7
0.6 ok ®10%
0.5 . \\\ T 0.-45 0.47 DZO%
0.42 oo - o
0.4 | § | Q\ ©30%
0.3 \ §
0.2 \ \
0.1 §§ §§
0.0 N N
Normal PD-I PD-11&lII
Bl =-1 norisAsief 2 8F L8 * A7 HFAR  Hdwi ik my =
2
i
% 4P&§£Fﬁﬁ#&'§*fwﬁiﬁé%§ﬂ TEHE(HREL) RS FL
WAiBREARAIBR ST IR NP E%2 PE 7 & Group 0P & 5 0.0028 > % 7

WA AR P e B X R E Y HF LR o TR T
N=PDI>PD23> # ¢ N £ 7 & ¥ % 4 4] 2 (Normal) ~PD1 % 77 +9 & & < % - ¥
R4 (PD-I) ~PD23 £ 7t & £ g % = $ 31 % = 9 & K (PD-I&KIID) « o o+ ¥ 4
Normal £ PD-I chi; B f £ € @ g > e X 3t PD-II&IIT > + ¥ 328 ° & % <
FoWIE 2B R AT SEARR G PR OE e R i R AR /e
%k RS Y B RE A £ 0 R RS R AR o
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B 05 Bt & & 10% ~20% 2 30% 0 e v AR FRZBLE -

1.0
0.9
0.8
07 B Normal
0.6 0Es .': ok : . _ .
gj 'gg B PD-11&III
| N
0.3 §4ﬁ
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0.1
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10%
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3.2 {¢ yriz Ak st

o2 USRS R G LA AR R B TG (RE L) il A

HiBREZRL R LR

B2 E R PG Z g

BWESARZ B P B RS T IR R LR TIE S REL o K- S 2 B g

X 2 gryt [ I 4

F Z2 SHEARRBRS R ELIEEEFE THERREL) RS HFAL

HWEiFgARRARLeRF LR

Ju‘-_.

&-‘—\J-.J-%7 P]E’ °

Obstacle height (% Leg Length)

Leading Group Height Effect Group Effect
10% (std) ~ 20% (std)  30% (std)
Normal  0.51(0.11) 0.52(0.10) 0.51(0.12)

Energy expenditure PD-I 0.51(0.08) 0.46(0.12) 0.50(0.12)  p=0.7602 p=0.0085
PD-II&IT  0.39(0.12) 0.42(0.10) 0.42 (0.09)
Normal  0.25(0.06) 0.24(0.06) 0.24 (0.06)

Toe clearance PD-I 0.25(0.04) 0.27(0.06) 0.25(0.06) p=0.7602 p=0.0085
PD-II&IT  0.31(0.06) 0.29(0.05) 0.29 (0.05)
Normal  0.25(0.06) 0.24(0.06) 0.24 (0.06)

Heel clearance ~ PD-I 0.25(0.04) 0.27(0.06) 0.25(0.06) p=0.7602 p=0.0085
PD-II&IT  0.31(0.06) 0.29 (0.05) 0.29 (0.05)
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ERARGHER - EXFE O L AERE ERR - 2o doB] =3 s

Normal ~ PD-I + PD-II&IIL » ot 1+ i = fo s % 2 /8 i 3
1.0 *
0.9
0.8 "
0.7
0.6 e g @ 10%
0-5 | %2 e ,;Z 0.412 0“42 020
0.4 77 %% 089 ?% 230%
lilmn
0.3 / / ' /
0.1 / % ““““““““““““““““““ % \\\\\\\\\\\\\\\\\
Normal PD-I PD-II&lIII
Bl 23 S%BAREFr 2L 2P L3 *L 73 BFLE > Fhifpk anx
i
# Z2VviEERARSHPEE 000850 & 7 {4 WAk F 3 2w g
BEFFHFLE - £ J T 2 FN=PDI>PD23 > #¢ N 473 ¥ %4

#]/2(Normal) ~ PD1 % 77 #3 & & < i % - # & % (PD-1) ~ PD23 4 77 #9 & f g % =
P 3% = &% (PD-II&IID) - d 7 4= Normal £ PD-1 shit £ £ € En -
« 3t PD-I&IIL >+ 7 42p]® & & E % = 9315 = 8 & F 08 WA std iy
FIR g F o I R R B e i R AR B SRR L 0 R e

Bk o
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BRI RS RLELE -

1.0
0.9
0.8

0.7 B Normal
0.6 T

0.5
0.4
0.3
0.2
0.1
0.0

O PD-

~—1
N

PD-11&III

A O

177

A

77

10% 20% 30%

Bl =4 SorisAkRmi 3 AT LR > Bihid TR REP 3 A Y

BE BAFERABR-FEFAFTLESDP EL 07602 &7 F Ry 3
BRZBIEFLR o MV UL SWBRRERIF O REFFRILHATR

R KRBT §RFE AR RS iz K .
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33tk HVE d - MR RS R RIEARR S ] K i)
dRE322FAFLE LY M@ FAMN L EIRBE L ARY > 2 E
parple R AR POF RS R RS -
g RS- B RE  PFBERRFP O RS RLRORLET R Y

£ B P #>0.05) 4ok =-3-

2 Z3PD-l1# %risAs Rl B2 o KB B TR EL)E P E o

) Non-Dominant Dominant
PD-I (Leading) P value
mean (std) mean (std)
Energy expenditure 0.49 (0.11) 0.45 (0.10) 0.141
Toe Clearance 0.25 (0.05) 0.27 (0.05) 0.132
Heel Clearance 0.26 (0.05) 0.27 (0.05) 0.139

Mg R E - BRE O BAHARRERFFE > RRELROEL BT B F

B (P £>005) 4ok =4

Z Z-4PD-l ARt Rl R Rl W R E BT (R L)E P E -

Non-Dominant Dominant
PD-I (Trailing) P value
mean (std) mean (std)
Energy expenditure 0.51(0.11) 0.47(0.10) 0.092
Toe Clearance 0.24 (0.05) 0.26 (0.05) 0.071
Heel Clearance 0.26 (0.05) 0.26 (0.05) 0.108
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PR3 (OFf) 22 IR 15 (Om)2 WA Hhsede H0s L2 0 2op et § & %)
Mg flaE s 12 B R YA L

£<0.05) > 4k Z-50 £ d TIET F A v F DL L WHAR RS 2

FL PR
BB EH e RINRH L B K o
+

% = -5 PD-II&III % %rig4x * 25 (Off) 22 * 15 (On)2 # £ & T $o(1L % 1) P

(R
Off On
PD- II&I1I (Leading) P value
mean (std) mean (std)
Energy expenditure 0.51 (0.09) 0.61 (0.08) 0.049*
Toe Clearance 0.25 (0.05) 0.20 (0.04) 0.047*
Heel Clearance 0.25 (0.05) 0.20 (0.04) 0.047*
%ﬁ%ﬂﬁ:i;ﬂéﬁ’“’wﬁam R F ERA By EEARCP
8<0.05) 4k =Z-60 X ¥ d THEF I B i;é'ﬁ {8 Brig A% et 4
REHEEL EH e EINHH L B Lo

+

% = -6 PD-I&III ‘o & %rig 4 % %4 (Off)2r * # {5 (On)2

ARG gL T
BAYVEPE > (F)E T %Fl;rz iR

Off On
PD- &I (Trailing) P value
mean (std) mean (std)
Energy expenditure 0.46 (0.05) 0.56 (0.08) 0.020*
Toe Clearance 0.27 (0.02) 0.22 (0.04) 0.021*
Heel Clearance 0.27 (0.03) 0.22 (0.04) 0.023*
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3.5 # f& g AR L g g 2 4] {vk vt i
B R AR PR B AL R A O B )
Z 2 (P<0.05)> d THEF oo WEARG KA DR B AERE & ) R

MiEEiE ok =7

# = -7 Normal ‘& » 5 {8 #regds et 2 ] K £ B T 50 F £)2 P & (%)
AT RELR -

Leading Limb Trailing Limb
Normal P value
mean (std) mean (std)
Energy expenditure 0.54 (0.11) 0.49 (0.10) 0.045%*
Toe Clearance 0.23 (0.05) 0.25 (0.05) 0.048*
Heel Clearance 0.23 (0.05) 0.25 (0.05) 0.048*

b g Sy - B R RREAARERS o B AR R e FE LR
(P>0.05) > 4r%& =-8-

# = -8PD-1ighpl > & L YrigAkti et 2 A Kot € BT 35(HRF £)2 P g -

) Leading Limb Trailing Limb
PD-I (Non-Dominant) P value
mean (std) mean (std)
Energy expenditure 0.48 (0.09) 0.52 (0.12) 0.117
Toe Clearance 0.26 (0.05) 0.24 (0.06) 0.107
Heel Clearance 0.26 (0.05) 0.24 (0.06) 0.137

g - B R RREAARERSE > SRR R e FE LR

(P>0.05) > 4r% =-9-
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2 Z-9PD-1 2B R > & (%R 2 rd K g d BT % )2 P & -

* =

) Leading Limb Trailing Limb
PD-I (Dominant) P value
mean (std) mean (std)
Energy expenditure 0.47 (0.11) 0.47 (0.10) 0.951
Toe Clearance 0.27 (0.05) 0.27 (0.05) 0.933
Heel Clearance 0.27 (0.05) 0.27 (0.05) 0.989
g HEF S I RE Y BREARRESF o B A s Y

# = -10PD-II&III 2% &5 > % (S 4risds i 2 | K B E BT 5% 1)

B PIiE-
Leading Limb Trailing Limb
PD-II&IIT (Off) P value
mean (std) mean (std)
Energy expenditure 0.45 (0.10) 0.42 (0.10) 0.400
Toe Clearance 0.28 (0.05) 0.29 (0.05) 0.509
Heel Clearance 0.28 (0.05) 0.29 (0.05) 0.490

LE Y FUBARRRS P B R A E

£ B (P>0.05) > 42 =-11-

L Z-11 PD-I&IIL % (s > % (4 iRty 2 28] Roi B & BT 35(18 8 1)

~

g2 PiE-
Leading Limb Trailing Limb
PD-II&IIT (On) P value
mean (std) mean (std)
Energy expenditure 0.51 (0.16) 0.46 (0.14) 0.283
Toe Clearance 0.25 (0.08) 0.27 (0.07) 0.273
Heel Clearance 0.25 (0.08) 0.27 (0.07) 0.273
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Lu(2012)#% I & # 4 5 4rig4k e #7 8 leric 2 <L & 5 0.68(0.07)
[4] 2 4cd 41> AT a3 205 ¢ 2 E L hy 48 E E 5 0.54(0.08)
dOR T R TR L LR S PR R R R EREE
BB 046~0.76 B > Lu012)2 27 3 B 57T 5 @ % 2% T BEF 7 P &
S IRREE R iR N

+

F ow-l EREA N SYEAARES LI REEEL BT OREL)E P E[4] -

Obstacle height (% Leg Length)

Weighting 10% Gtd) | 20% (std) | 30% (sed) | cienteffect
Energy expenditure 0.68 (0.04) 0.67 (0.05) 0.68 (0.07) p=0.955
Toe clearance 0.16 (0.02) 0.16 (0.03) 0.15(0.04) p=0.569
Heel clearance 0.16 (0.02) 0.16 (0.03) 0.17 (0.04) p=10.642

d AP RERT Y XEAPHEEE L DWERRRS > KB EBELER
Mo REATT T A 0 ¢ X E A ARG P o M Ao Yri B 2 SR T

B E 60 R e ] A S AR -

42 3 RF LR

AT 2 (Lu, Chenetal. 2012) 453 257 7> 2 @A A ~ ¥ EE X k0 g
GUEF-PRFEMEL RS S YR F o BRRES SR R 27 X
R 3 R 7 WP ARy £ $ (F485% (motor program) 75 7 A #8A T %

oo EgA g k M b (AR 0 A BE T kg 3T - B )N s AR

27
1E o
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44 b0k FRp s - R RS R RBARRERS 3] K0 R
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