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Take off Timing and Biomechanical analysis of Lower Extremities in

Badminton split step

May 2015
Graduate Student: Yi-Chang Hsueh
Advisor: Chien-Lu Tsai

Abstract

Split step is a critical basis of badminton footwork. However, scientific studies on the
timing and lower extremities kinetics of badminton split step remain insufficient. Therefore,
the purpose of this study was to compare, for six direction movements, the players’ split
timing, reaction time, and lower extremities Kinetics during push-offs. Method : Eight
collegiate elite male badminton players participated in this study (height: 173 £ 3.6 cm;
weight: 68.1 + 4.67 kg; age: 21 + 3 years). Motion images were record by 10 Vicon MX-13"
(300 Hz) infrared cameras, Nexus 1.8 software for data collection, 2 force plates (Kistler 9287,
AMTI 5507) to collect ground reaction forces, and Visual 3D software for calculating
kinematic and Kkinetic data. The data obtained were assessed using the nonparametric
Wilcoxon signed-rank test or Friedman’s 2-way analysis of variance by ranks in which the
level of significance was set as a = .05. Result : There were no significant difference in the
variables of COM, GRF and hop timing among six start direction before propulsion phase,
and hop timing occurred in 14~37 ms after the opponent struck the shuttlecocks. During the
propulsion phase, the leg which was opposite the movement direction have significantly
greater lower extremity push-off force and total impulse than that in the homolateral leg.
There were greater lower extremity stiffness and significantly greater horizontal push-off
force of pushing leg in the midcourt start. In the left of front court start, there was greater peak
horizontal push off force of pushing leg , but slower horizontal COM velocity. In the front
court and midcourt, the energies generated by the hip and knee joints were significantly

greater than that of the ankle joint in pushing leg ; in the rear court, the ankle joint showed



significantly greater energy generation than the hip and knee joints did. The reaction time of
each start direction occurred about 0.3 sec after the players struck the shuttlecocks. The total
reaction time of midcourt was faster than the front court and rear court. Conclusion : The
prepare movement before the propulsion phase must be consistent and hop simultaneously with
the opponent struck the shuttlecocks. The leg opposite the movement direction was the main
pushing leg. Greater lower extremity stiffness, horizontal push-off force and shorter total
reaction time were needed in midcourt start. In the left of front court, it needed greater
horizontal push off force to start. The main pushing joint of lower extremity was hip and knee
in the front court and the midcourt start, but the main pushing joint in the rear court was ankle.
When lower extremity have correct pushing direction and peak pushing off force within 0.3

sec, the players will have a better hit back in badminton competition.

Key words : footwork, reaction time, lower extremity stiffness
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HAM Y ¥ B R R TR AR A L 8
L BRER A BHTIE SR § P RN Y DR BRI AT AL
WK I R FE B 2k
2 FHRPHEANE R F RERED £ RAFE £ RRE £ R

AP S PR o T LRl

che F P Eai@d i R > IR FREE RpFFena & F]E L ?

HAE TELHeAER ) L% 5FF 0 Hualinet al.(2011) % 1+ Gk 4443 b K
BoeriE £ RGP FRIFFDoE L AR G B M 2 EHE L B IEER
CHEFRETEF RPER L OF T 0 TR - REDEE S BERAARSTET P (3
A B i £ 3 Pk i R (Mori, Ohtani & Imanaka, 2002 ; Loureiro Jr, &
Freitas, 2012 ; Bankosz, Nawara, & Ociepa, 2013) » 2B & 5 £ 7 5 49+ kg% > @ ig
Fafex@FE AR ML < (R 2B *2010)0 R Rl s e oo p AT {odT
I EH O B B bldhe R BAATE B LE (2003)0 1+ F i+ BEid T i (event-related
potential, ERP) » #5338 & R fr2ti@ & B A% 74F B Efostrop ¥ B ITE T ahr REFF e
FRllfmy  2ROaHFLE ) BEHReRd g5 AR B IpaliH- a3
FERAATH I RAchg% > EH AL TEREARNE > g S i RE LR o 2

THERFRFEREF RIS NS BB B gL PG RPE-EE s P

=3
&)

F_*
W
o
=
&t

N
! -—

FE@ - &g % (Moriet. al., 2002 ; Williams, Ward, Knowles, &
Smeeton » 2002) - & ¥ > 5 > § 2B F(2010)¥ 7 £ R pdpfr? 2E L 987§
PRI - BanaE S AR AR TR E 3L 8 > 2 LoureiroJr £ Freitas (2012) >
FH R RIFIIIRE £ ok Bl sRiE £ g % L& p R (target pointing task) 7 3t
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Bl - BaEEL AR ITRET ) T AL BT AR ITRER ) I - Rk o

7 iEiES BATY ABEH ff&ﬁ“mﬁﬁl},ﬂéﬂf%ﬁq%@iﬂ_ﬁ%,{Z{rﬂé@f%%@

AR R BRERTRERF L R AR TR hodEt o d ikt T RE
R F D FES 2§ TR b A g S G EIES S S R
}i;,?ﬂﬁﬂr#ja%]m—:]rﬁg‘i ik B o

B Z T fge-F AR 312 0 ¥R J*Jv CIRE T RS R G AR DT A 5 R
ek B PE R (FRE & ~ HRH > 2006 5 Brown, Delong, Brown, & Reld, 1995) » 2 # ¥ — 2K
AR (PR s e > 19965 A 4 > 2013) 0 PRI - DB % o B F REFR
T AT 0 o BRE A SRR (2006) A Tk F IR BRI R R F AR R R m A &
Tk R SR e (1996) L% 5 5k 3k BRI B R AL R K TR P
B oo Bl RF ERR a8 A g S ad iF k€& > T Brown % (1995) 241 * %
A RARIR RE S AR TE o A AE A A RIR F 02 At (EMG)# T kRl E
FREPFRE o B A m Rl grities 2 SURlE > R oriE el R Arai dp ke > o0 B
-FREARFHNF BREROREI A A - B AEESRE o AR TF REF 2 FHE
ERERE > <3R4 mvlg%%?":r BE AR HRE Y A F AL S Ty A irg itk
MY (1996)F LB - &7 i LT LB R R TR M B EERIE (2745 2 )0 AB
AR DR TR BRSO bldee 2 F e 4 0 DA ands (F 5 E £ oy
.. % AT Al TR R AT X DL FlR PR v f Ruk - b iR e

B A o  aife > A @B RA ALY PR EIHTR- REEDE S (KR
2001 ; Owings, Lancianese, Lampe, & Grabiner, 2003 ; Tu, Lin, & chin, 2010) > ¥z i 4% - »
Bl F P B fods (EpF 7 B] € A% o

it ﬂv}? AT F R R PRI P P o B BN TRES 0 T o 67 RER B
B EfF RS TF RPFR - 20 EXIRIE A ELBEZ RIED TR
AL B e TE-F BAPFEAF BREFER RS T a8 - REDESE > AR TF BF
B2 RWE PR <Moo g n LR MFLR Do a R HF RF 2 B TR

FenP B8 3 - Rfbeni % > TrRd g $ 172 F R AR o
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o8& frbohn@

Fedo ) e sfiEd L ATy S (T2 E 0 L AIRE AV FE [ BRI
WEHLPFIFT 0 P IR E N TFT P 0 AR GIR T EE B e ep
B Ee P G EEEF BFER B ERSREE B TRES FES G
FEoOMUTRAEDS -

BgZ B OpE 4 > Uzu, Shiny, £ Oda (2009) 1 * & 5idp 1 & & > &R ERF i >
w 4 FE TR T (know when not where) 5 Bk iE + A e FFdept 0 Uzu % (2009) 2 i
Beenpr s G S e dgondg R 1S 28 £ 134 ms g o FIRE X A T IHE o AL Ao G oL
i#ﬂ{iﬁ’é,?)}*{& fsEw 2B B 5 009£0.05m FpERF LS e %

$ 180 £ 89 ms > +* Nieminen, Piirainen, Salmi 2 Vesa Linnamo (2014) vz #g iz = 2 #1ip)
FenpF 208 £ 96MS ff & o A S K 2 }I;FL FAEA D A ERORAT o HA R g R
F AT E o

EF BEREE S 5 > Uzu 3(2009) # 3RHE F BAFRE & 2 vl 5L 4518 224 + 73 ms -
e a0 F RO FEF 2 5 0 Uzu %.(2009)%2 Nieminen % (2014) % #% ) » F & hps s
H - Bh4E > 2 Uzu 2(2009)chF Sk ® 2 T > sSpb s RS enF b PFfs > Fads Ple H 4 2%
$%$U&m’@ﬂ{ﬂ%w%@%i»aﬁ$¥9%£$%ﬁﬁuﬁaﬁﬁﬁw1a

WA A R PP E R NETpE R LR P A RS M(0.8%) 0 oo pEs Y K
THRFER o Ed R 0 A 95 11% o A7 e Bo4F endf F v (risk-benefit ratio) -
/T > Uzu % (2009)4- Nieminen % (2014):% 2% ¥ 3= pF4% £ 4 = = 2503 11 {2 180 ms~200
ms & B iE o

Bofs LA T SehiF 4 A0 Aok B L e B 3R 0 SR R (2000) B EE A B
- d R RYrefelE Y R P BRI e m gk TS § o Rk B Ty Y
(Uzu et al., 2009 ; Marko et al., 2014) » 2 L FF B 18 crfad dags > = %rRF e/ 4 ¢ .o (centre
of pressure, COP) » € {is7h %riss m > #% 1 Ja g% > P &2 w0k R%r e @ Tateuchi

etal. (2006) tfplw # &2y ¥ > AFE R FafFa, > RS ¢ (COP) ¢ &
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#r (leading leg)&ts > 4 3 L #¥%r(support leg) » 43 & = w ck p5%r o

&)

d Fifehe /,%ﬁémg B RERM S xRS 6 B R S e T £ s ik
o ApEHE LT AEARRORT LS F A T R B L
B AFEE AR AL AR BT o AR ER ST G R 2 R AR
proRA s o . BT T ARBTG5 B R e R R ka2 Ap it

IR X G AT T AfREEPE o EYEE § foekadpl 0 v B -
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¥z 2 %'ﬂifﬁlﬂg’-;ﬁ'fp‘r R
SSC chis 438 * (Komi,1992)i; 3 4e 8 do £ o @ 3Tk g2 7 - 2 J1 % S eh

WH1CGE B0 2007 5 F F A 2007) % 34 4c s chig B % 7 SSC ¢ » T 3£ B (stiffness)

2 AT - B PERSLRNTE 0@ H LR AHFF SSC Y nfB )2 B b, 2 T
WSk R EE B L R R

- ~ SSC e 41
SSC z #1714 § F »xid 4 EH4r o F S A FRF 4 ] > A R A AR
MR R o A ks 2 fk s 2 A gvepd B3R K S& e 1F % (komi,2006)
i o HiFH 3 iR
(=) (=) 41
1245 Hill (1970) 74k &1 eoep $03) > H s o 5 8 EsE 4 2 4 (series
elastic element , SEE) » Frsvp @ covvmen o 3 B84 & 4 (parallel elastic
element, PEE) » Travp @ gaieoh % v U R s PUR R E AU R R Tedg = &
(contractile element , CE) > Fravp ¢ g9 Fev ~ FUpE Fov frﬁ{;}@ R4 o m SSC
B AT R R L R ITEI P e o P K B SEE;I&:
dole S8 - A B ARl R i o T G TR e gt i R Ao
fedgen4 £ (Finni, Ikegawa, Lepola, & Komi, 2003 ; David, Potach, & Donald,
2000) > # EF # B & e igenmE F E < £ (4218 500ms) 0 RIGYr s i -
4k = i @ ) 4 (Viitasalo & Bosco, 1982) -
(=) 52 s
T4 38 b 5k & & (Baechle & Earle, 2000) » s vk v erveqd 4 o e
B v g Mlrh i la A SRR PR LS e R AR g
BB F IR R > REAFEERTE o @ 0 F HBHIL Sa0p g3
fefgend £ o ﬁ*‘uﬁif%’ﬁ ARAS o A EFE N ELR ?f#aslfu.rawﬂmﬁ » R

JFEF g B E m e
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= ~SSC # iFr¢ £ (Baechle & Earle, 2000) :
(= VA< ey @ gt chie * svgetan o (preloading)sik i - Ak ds R pESE - i
Bk g stoepg ¥ > ¥ ¥ gl FIX FIEOE anf g @ o
Tl gd ladhmix 3 ¥ 8o
(= )i (3 Br) 8 @ vop s 3o S fTigani By o R G e tigaig Al e s
Jedgd (TenB 4o la e o Gibrd B3 ¥ 4270108 @ H 4 5~
#FE LD qEFA GARMET A B o PR E A S S
B4 et e SRPF Rl FEERHEF L A o
Tedgig s i LRIRIF B hd £ 0 o7 g4 o
(Z)wdedgl o RGP PSP sl a s WA s jTigand £t 2
AGEH T eiERE AL 4 0 L FE R A e
et slAR R B e T g o
= ~ SSC =g
Schmidtbleicher (1986) 245 i® * pF & > & 417 & fa4F 4] 77 SSC
(- )& SSC: & P &t 250ms e 17 » drpt ok cndf e dephds 17 > H 4%
¢ R TR G AR P o
(= )& SSC : A P % & 100ms~250ms 2. [F erd 1F » do' @4 ek 2 pb
BACH A FFE (T AR OB S & B BV o
2 ~ SSC fds (18 * b g jic
Mark, Carl, £ Rajesh(2000)% 3.2 #-1csE A%k * S i e oo B3 5 B2
e chjcig A 4 g @ 3 el 3P 1 (synchronization of the neural drive) - Finni, Ikegawa, £2

Komi(2001) % s d ~ ervme f j (pre-load) e o & 1% > F @ 5 7 el e L & & ok

% o T' ﬁ P Eh ‘f‘-"ﬂh E 'PEI 1? m’]}k# F.‘;g ’ ;F-—v\ “]I 'fF]‘l’L : L= NN “]ié‘fﬁﬁl%ﬁi/l’ ET”JEZ‘E_ » e
BT GEE - R IR - A T AVCR A O 0 RV £ - B

WO dEa AR A — BT ende (T Gy Bk A P RE G EM A R ET hgwep
FRA DS AR RS A BIFERR R R REA G E
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* L P HRFC K S 2 A (2000) 0 AHATA B R SEGRIERRY T Y B0 ¥
HE2 AR A RA gL iRty A BN F FE {5 40ms o i
PBREFEE R EEE BB R FPOCREEA T P R ERE 2 A R

P dndeeniE b > FIL R HEP T L AFRFRPM LR @R E S iFe ¥

\\\?{Ir

¢t » Moran £ Wallance (2007) ~ s 4 & | {oih B & v B L8 pri R
Hogoxk Ty P F R . SSC ¥ g B X 4 B 4 AT o0 5 aBd & $ 1% (knee
flexion angle:70°) » ¢ i8¢ & IR % T L B F o thoe L~ F 5 & 4kifk4e (2001)%
WABEFEFHEED R AR EE DR 2 POEETR A e SHEE R IR G o R
B REEE AL RS RS RCRCTR B RT 4 2 Bor RS NS
A RS 0 B RGNl B oy SR i 4 o ke B X B4R
(2010) » #A= 3 # b 3g B iFBr e (Fend P 20 0 & 20cm ~ 40cm ~ 60cm B+ T B A
FIT oM R RERG AR AW AR FAEPTRAEF T F e
B0 BTl pwh f e (TR OB R o AR w f A - T ARF AR D BT
oo R - BREDEAEE O RF DOV E R L EROR RO &R T SR
Hehi B o
pt ¢k Finni 3 (2003) # RIFRE (T nda B ¢ 0 i3 S B H =

(muscle-tendon unit, MTU) % + & % i & ch& e F] 0 8% p sl (o) mk &
Poig e A orusgleg e i LE R A B AN GY R LK BITEY
JgﬁﬂﬁgﬁﬁHM%ﬁﬂﬁﬁﬁﬁowmmﬁMMM%Q%D#%K@%%@
(transition time) fo# I3 % FF 5 (% € & HBE 74 o Ikegawa 2 Komi (2007) » #-:# chga
BT g [ § avEEF S E 1 Rt e g 8P (push off phase) o #r v At
F R o BT F R P e £ FIIR RIER S FE o @ g S X e
g e
I~ TSR e L R %

f’l SSC ¢t » Larash ¥ Zatsiorsky (1993) #& F|s* & A 3vp # &8k SL g 4 ) 3
PF I RGP PR o B S RARS HNE F ORI o 4o
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Arampatzis et al.(2001a,b)# 3. > &< 3 F g (drop jump) i v i B ARE- o Bl AR
< T BT R Arampatzis, Bruggemann, & Metzler (1999)3:% i §4 4% v Kuitunen %
(2002) -4t fle=t » R R G A e i RARPRRT 0 TR RS §FIF R 4 o B3
Fade Ay 2 A% SSC e dhbad it F > R TREFE - Bw f o TG
W Al faEE g (T DR P E AEEHE Y ks % o AT ARG AR

¢ BRI - BiEE SSC A A Sk -

. .
= N
= N /J A

i

LR SSC i R AR AW g P f e ] s RO & T S
PR T o AR S R DR B o Rk Aok R EAR Y £ & O §
FOUEE R FR PR VR RGENE R AR S FRE > B I R ETRIR hFE P
o2 PR eR B 3w s Uil 2 X 4R > JTesiE £on e F g o & SSC
EF R P T A TR R KA S BAR S wakIk o FR A g HT

TS5 W S W S
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Fed BB TRGITEIAHZIPMAE
3 3k g ez 47 3 @ (Shariff, George, & Ramlan, 2009 ; Martin, 2009 ; %]~ % >

2008) 2 19 7 $4F T » LTk FUEF (§ T 00 G0 T B F (§ G 5143 % ~ 85 %)

BT RN X R e S 0 G E R R U S A 0 ST A ATk e
EP G R G AFRA NG TR R AT A G R D o3 Tk oh 2 Ap B 2 SLEE
I TR F T R Rt F RPN F M AeT

Besier, Lloyd, Cochrane & Ackland (2001a) » f1* 3 & #& %4 (50Hz){wip] # 4+
(2000Hz) kjcf P P A B EH 2 » THRBPEL I ;. > 23 N0 5 -k
B(=® 30 % 60 &) % (side-step) *» » ~ % ] 60 & 2 = H# (crossover) :F*» » # fr
Pagah e BAL > PRSP IS FERL Ry A& SHELFD (weight
acceptance, WA)» Tr%rid e 31| 4 {5t 5 F (F% 4 Bl3)eh% — Bk 8 o+ Japgdp (Peak
push off, PPO) » = i F {® % 4 4 g e {45 2 10% P F o & {5 42 g #P (Final push off,
FPO) » L F8p cndfs 15%chpEfll o AR T R EBFRE (DMt 225 @ &
60 & |27 » Pl 38 P P > 3 WA e FPO FF BB B & 97K X envh fud 520 W] 5 FF
HERPGHTRERAPS EBN2RBE O6R cm A2 »ap|lskEp P > RS A
WA 2 FPO ik cnp fu4 SEQ G R PH E MEGH cn2 B o 2 PPOFFE > & 55
Woerr 2 FI0F BEF R 0 AR AP A B AR S iR BT
RPEFFRM S IR0 s MBS R R AR - QPR B G
WA FFE > o7 » ehp 354 2B 5 B a0 s Behd B o L PPOFFE > 2 /R w
o A A AEfe e R 2 M inth 4 GBS L B ML 5 B o

BRSO TE TRI R E R R G T RS S0 RIS D
Byd 4 BB EVEEAIRA N BB T 6 ARABTVEPFAS - BEn P
B g gprhenp [ehged B R NS R Mg EHR S T 2 N RIR
AP R T Rl R A BT Spadh B (TARRT 0 2 8 e I

FORE e [ )RS A AR SR s KL RF DG TR
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Besier, Lloyd, Cochrane & Ackland (2001b) > B| & fg 8 fe2t3p e 7 b & & 2 *7
AR TR &R A A B IR AIEH AT o BB [oh A B o [k
PR LY T A B o f B 4 B AT S E T RM S )
Ful LAl iy T g o @ Ifjﬁ# FZRo PRIy A G T RE(A)
R REFAFEIT; (b) ik F RFER ML B A %a W {5 ORI iT L
ST EE S CR AR Z hf* o B A G BT .

Besier, Lloyd, Cochrane & Ackland(2003) > #7343 H fr2tig Henfi-in™ » &7 b & B
2N ET % B E LR (L U R BE AU M U R SS CSR AL AR E SR JA TR
AR RIIU S LB U RIS IV L e fTigen T Gl 0 B R E R IR SR
T @ fRA 5k SL(CNS)Fe T APl 2 R b o R (B AR 0 A IR T
ARy 7~ ERISR P o A Rl SRR R SRR RIS B TR
TP R o DT e e B g K T iReni A kB o AT RET o
HmIp hk P lTE A RTINSl 0 A i A AT o e E I R R R
te1 10~20% > e F B4 ARG o Pup BV e PR A o BRI A 2 P R &
Ar3E Ae T0% e [oh s o Ph A AR o Tt o BZEIEH AT 0 M a4 B Ao g R
Fodp L TEEAr e g R A BRI GF A R R Ry d TR FE - B
WEERPES o

Houck(2003) » 453t te= ffir » # (6(T SFAE E8 ~ T SFERle 7 » v T SFFRR
e )T T B ek iy (vastus laterails) s po /7 iRt 3w (medial/lateral hamstring)
2 b ¢hip]atag se (medial/lateral gastrocnemius) £ 1t g5 B 2 1) TfRH WA A
Bty B ITPEATEF P AR TR A c HREFIM A » B IERF RS A DK
ook g aneh 4 mEs pfeb PR S o p PRSI RFRTRM S HE R 44

H g IR RN L B B o

>

1 %EFQZ SR [,\Z];}# A ﬁzé (2007) f;—ﬁ‘ RE L &%ﬁ; NETIEY &%*’} N ) &%
Srhzpeis R H TERF 2 004§ Sy $ouigd 4§ (inverse dynamics) s St E

AL B Brntd ,fgﬂﬁ;, fgz‘g@iiﬁﬂ}gzﬂo‘%%gfmﬁﬂm;B;ﬁéﬁ,‘; B4R AT B

21



R4 5w 539204560 4,268 4,160 N > ® 2 4 copF gk 7 ABLM & d F B S BRA
Proipthend (TR £F Aeno o FIRBREI 2 PAI ST Z XX 4
mMEBFALGT AT

Kuntze, Mansfield, £# Sellers (2010) » #= 3 32 zki@ # Ja g ;% (kick lung) 5 & » ;¢
(step-inlung) : #=@tsS(hoplung) = f&5 ® 2 b o F (% 4 LR T BIFE (47
WRFEE S S RFEE S R LY ) DTS R BRSNS
EATR o GRFRE 305 fh k> FIL2UE Y Wra LI e g g ey o &R
PR VR R Y AR TR > TR T R g R g 4 o gt
AR e R Y F AT Eow o F - BAER s (T 0 g e iF
FI* SSC (% s-feigtaT) 4] » @ i 4e 1 w g & o

§ b pandh > APER . A e BB RRCRFLED v ih M 6 TR LR
Bdlde ~ fadochh 2 0 ik A 2 s e [h g s PR Enl &4 A B R ST &

SEFEEERA NG TR B LS SERREF K €
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¥ FROEHR
AT 328 A3 BIMGPREUEP I F- & PR S8  FHRETZ
B RZE  HRELRA P E FRSEIGEFTH AR B
§ o RHGAL RS TR RS TARAIL D R4 B
$-8 FIHY
AEFIN LA BT 0 3SR
FRUp 2 A kg d > Tial

Fomi iy o InLap BT R
21 + 3 > Tionk# 110 + 4 & o

173 + 3.6cm > T 3=2% € 1 68.1 + 467kg- L=

Y-8 RHEFFIFE
'? B R r'/'?ﬁﬁ;g?:’ ? 4’?’]‘& ¥ &

A
FEE REREFZ K
FIF&RRER KA RR PR ERE S S TR 2
- Bk & E
( )Viconﬁé T/FA’\’H' T

a1
1. 8ZFE =t 3 ik

# (Motion Capture System, MX 13" » UK) : #f5~3f 5 &
300Hz » Jx B AFRE>T £ BB B ek Skok B
2. T-Wand+z i+ #(390mm) : *

B R kR L o
wRIE SRR M3 EEBPEFF LR -
3. L-Framefe it 2% @ @& R E DFEFIP 0 TEFTHREX Y ~ ZR AR S
(= )B4 37 ¢
& % 1500Hz ;

B 3.90x60cmz. = fip 4 4 0 A5 4 5] 5 Kistler9287 2 AMTI5507
R

i T
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(= )Fastec® i R4 @ 128 > fpcbaf & en¥ ks (¥ 2 PR > 3P & 5 300HZ,
S FORRIRE ST

(- )Vicon Nexus 1.8%<#ix §8 : =& BL 3R FFE~ > ﬁ%l 11 C3D#% °

(= )Visual 3D 4.05< #c % @ FH 8 S8k d 4 & Sty oo

(=)HiSpec 1.0.3. 15~ #c 4t & % i o ip B * Fol - fP~aaf F Fap b iv o

(z)Kwon3D : sk & 74 % 2 & B ety o

(2 ) SPSS 20 k8 @ 33t~ 47 o
e Rk ]

333¢ 41 ~ 33 3% % (VICTOR C-7004A) ~ 32 3 (VICTOR CHAMPION B-01)

Y& RHERIPIGR
= ;L‘ - T E SN G R BE P AT
- S EENTRE SRR E R G R (A-B3-2) -

Z o~ apd ’Eﬁi'fﬁé*v:‘“‘ e B o T FET P R AIMA 0 K TP 5 5 1500Hz -

Ji

CARIET DOV R DG B BERMLIME YA S L £ 0.6menE 2 AR
T~ ARTR T EEF
IR EERR 05 BB~ T H P AIm e 3 ow sk 2 0.5mehk 2 A
%132
WIRFET CJEE ~ - HE i Alm R F kA 2 05m BF A 2 0.5ma
£ ARSI 40
BREEE L LH I EMIM S TR S 05mE AR SE S A FH526 -
I ~wIREEE
wHF R BRI REE L A AR I R PR TR RImARE S )
A-B T8 -

T BRI ETER L L H T ERIM o BRIk AE 2 05m 0 (S E kAR
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E

0.5menE * A, %$BC2 Do

fF 9

e g

ﬂk
B4 % | 1.2
b v 0. 5m Ly 0.5m
% SR
' 1.9m
C D
_f()_._5m N i() . 5m
<1i>§ Im
A B
A P I
1 2
30.5m lmIO. 5m §
Bl 51
3 | | 4
__|.5m 0.5n 3
O 6

@ EEFTEE > 20

B 3-1 F %3 ek B
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¥ & &AL
LR RN FArEAviL S 3-8 RLE R ACOEES- 5 SRLE I SR L T
-~ AT

(C)RERDE &3+ FERFERI L ARTRERS > BFEFR FPR
Lo uT-Wandie & # 2 F % d (Tcnge ) 306 - #1485 o /b SRS
BEFHERDE > RIEEEEZ A02mm T ; ¥ L-Frame 2 & 9 % &

o REAH20 5 REPPBRE 2 pE b
(Z)infeiP D RBFEFERAATHELERLE

71@ ;JL
b TIRAR s AR LRI 0 P 2 v R F 5 o

l [
o
(i
by
N
R
3
.

(2) F%% 2 BygESGIPER A3 Fh > AT
(2) RFERL FRRFHFFF L2 T HI1004
(T) LaF Lskendbph @ 2 & X AERESIAEF L IR (40 F13-3 > £ 3-1977)
() HEEERY P ARPEBADEE2I(2 TS L0 F s 2V HF L B 2
s L) B3 e i Ry o
(<) #EEH4pHE: p RELH - T-pose£ % « # 41 T-pose% %
(1) g agm i B R 2073 P adof fged 2 w3 ands (70 5 4k
Thehie B FRAEW A e 0 BFIF BB T B3 A H R g (T L o
S S S R R T
RFERE R IR RIS H S F R TR 7T TP s
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BEER | M(%) CM(%) Ix (Kg + m’) Iy (Kg + m’) Iz (Kg * m’)

L] 8.21(0.70) 52.69 (1.48) 0.03737 (0.00650) 0.03503 (0.00664)  0.01275 (0.00896)
BEES | 4228 (1.27) 41.96 (0.95) 1.02343 (0.21021) 1.13547 (0.23554)  0.26262 (0.07804)
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S -1.690 + 0.277 * * *
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