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2RKE - REG ~ BRWwid
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CPEISEAZ
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ANEHEEAGRANA RS RFREERIFHE-MLE - REF
REEYE  HEBAOMETTIRAAMBASEEROARECEE &
B Fadoik E 69 BRI £ 48 o TERA Kistler 8] 7 #4047 £ % (600Hz) #c & ~ 3t
AEARERESE 188 (228+35% 17355204 67.9+55
RNH) BITRE IR T CEGHE FH Y > I F & % Peak Perfor-
mance % K 45 & 4 (120Hz) @&k &1k i84E » BBFH S ZMATRIA
B AE o TR EA NN T CEHELR > B RBEHESHS
FEILE LB E KD o BH DHERGAEA SRS ¢ Dempster R
#* + Clauser @82 X3k + Zatziorsky & Seluyanov &9 v -4+83 ~ #8Fw
FHGHT R %553 - Hanavan #43E ~ Matsui ¢9 8 S48 40 T 2 R o0 B0k

HAEGRBETEARSEHRAABEETCES » REWRE - FHEHTE
FRZ A5 5 0.029 £ 0.009m  0.164 + 0.040m/s ~ 2.369 % 0.527m/s>
B EM B &z RE AR E TR E 555 0.041 £ 0.016m ~ 0.187
4+ 0.061m/s ~ 0.897 + 0.263m/s2 - @i i& Zatziorsky & Seluyanov & 7 -
SR B R TRSHT B A7 ¥ ik Ao Hanavan B ¥ 500 AR R 580
AR ORI S EHE 5 R 3R 205 A LR 3 (p<.05) »
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RHROERBTRURGBALY ) ERREMELRETRAARBRESFENY
MR EZRESE  AAFERARGTRHAARNELOFRRBRLENER
TR —EREAIENF R LRBEAMNATERELOEE R -
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— HMEET= _

W HBHWEFET » H S (Cinematography) RIFEB/EREN—FEEE
FE AR AREYMIBRENEYRESTIBRIFHRE - FERTFRE - e EE
HEFEHEYE (FFE - 1991 ) WRR > XHBEYEBEEHEESME Rigd
Body) 54 i 2 48 58 25 8 B (Winter, 1990) » Bt TEEREEETER ST ENE
fi{bBIR R » MBI (Segment) HLEENERE » FEEAR IUWBNVEHEEL
FECHERE  FHeRIABRBRB2BENNEE -

1H5eHE - TERTME M (1992) F1EHIN ~ &SRBt R B (1990) L—#ABEE L
R &R (Reaction-board) HEFAE » SR ETAEMERABEMEE - KENTRAR
BRESBERNELCERERE  GANHEEREEEANTR  BREEARS
Matsui W ABSZEBESREWENS - LEZHRE (BE/PB 2.63cm ~ TE NP
0.18cm ) W2 B #EME AR Y Zatziorsky & Seluyanov (1983) #)75 EBHE
AHEPMRER (REEMS L 12cm )+ 71 Matsui #9450 ERER TR (BE
0.486cm-1.098cm ~ 204 0.490cm-1.606cm ) ;5 #85E#5% A5 A Dempster + Clauser
HEERAA K Matsul E=H2HEERT4RRELFEANSR > ARENSAREHSE
HERAGINERHELEE O UBE ST AR ANRERARBATREY -

BT LR —#EE O R ERETFEABSBEIRERE N - THEIE (1997) BE&IUR
##=E Pk (Counter movement jump) B fERYE 73 47 F R A Dempster 1 Zatziorsky
& Seluyanov —#E A8 2 BB RSP HiR M E K ERA VETENE L BRI - B
HEZEMOMEZE  TREBN_BEABSEHENTSELESRZE 3.82cm » TB
BRNREENELC EASEREEZ 041cm » REBEEN T -

i LR A B E L RRETR . ASABBENREHERUBEN R ETHR
B MFESHENSEATYBNEEHHEREOME » BRABRSENAR % B2
MABBRSEWAESTHRNBEART 5% R Nigg fEHB2 mEEN
SHEBELARERERSABERNES LESSRENRE » £IPRE 2cm £6H
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RE EER(1993) LB AEHEEMENABSENECREFE Smz% - A
I FARERETHRABESMTERNABRKERSBEENER » I FERED &
AMERNZERFRRENC > FHEL  KEERRITNER  FRARENER - I
R —BEAMD - 2HEBRUER  ARREBKNEZEES - SHUMNER  £9
HESZESHEFARNREY > B —EEREVNEERERE  UEEEEARSR
KEFRET S > NI EREREZEEO SRR  FHRIEEE  ETFNORE
R 2R - TRIFFAER -

— - HRE

AAFRBRA DR ABREBR S EERBEORERER N > DESE (HH
B 12HERE) KFFERABRERMEERSNEGINEE - BOEE - 5000
BEFRAE YRSFBRERR  BRBI{EHERE » BT ABKEZE ( Dempster
FREE%k + Clauser {E RN Kk « Zatziorsky & Seluyanov ) 7 -5 s ~ S SN CT
%+ Hanavan {2305k + Matsui WEBEA G TS RNES2ENE ) WEOAE - &
B MmEERE > MEERREEEREEASENECESHR2HEY o RE
M5 MY 2B (5 HE HE 3R 2= (Standard error of estimate, SEE) {&

— BHE

EHENZHERUBEA 184’%%ﬁﬁ%ﬂﬁ%%@@ﬁ%k%@i#ﬁ%ﬁ%ﬂ% ;
HENER  SENBESMB 228 +£35% 173.5 £ 52 A3 67.9 £ 5.5 AF «
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IR « REFEUEY 600 ﬁ%ﬁ@ﬁ%ﬁﬁiﬁﬁﬁﬁﬁ’ﬂiﬂﬁﬁfﬁﬁﬁﬂ » BEB
BioWare Performance Module 1.0 R ZstE R EEPSNE OIEE  SEM
g1k -

 ERARMARIRERASEN 2 EEARBRRE  BEMKEEES » LIUE
7% Hanavan ABSEANKERSEEHH - RMEERMOER - 77550 VCR OEE XK
BIGECHR B PR ERE B XEEBW LA IR » FHERTER » ZBRAIHRHR
YR E R ERTER  ENTERKEFNOS  EXFEETHRREMENER
HIEEF IR - B—RAR - BUXBE B = RFOEEERE{FIRRE - BENRENE
TEARE —RETEALAZIT -

I AHRERE

RS TOEACERER L BEERN T AR ABRE LAIFEER  BHEaBA
TETRNABRE2E  UHEHRREERSDFRENE.CEEMLE - FEMIE
BRI B ARSI o ¥ B A AR T P BT 8 B Bk (Butterworth Fourth-
Order Zero Lag Digital Filter) 3 {7 ZF¥& (Smoothing) #7568 3 » # 1k 48 28 (Cutoff
frequency) BEEUR £ - Bl D RHELE L EEHEKE 80Hz N EEBREERRE » KFHE
HEESRINEGINEE - EEMMBE(LHE -

EREE SR FES TR Simpson BiEHE -

N-At
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At REARNER - N SERFNEK |
SRR ANE RS2SR ERENE  TRARRR2EGRENVELED
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AEAKMT
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§7 (repeated measures one-way ANOVA) fFEZRANEZMEE  EETEEEZRE
L BAHE BLES HSD ¥ (honestly significant difference) #1TE# B « A EHEE X
HERERBa =05 -

5 BRAHN

B —S%2HE A RRERMEEREFR  BHARORS TENER 0 HS 5
BEHESNAREOMEE  HETAR R R AR - #RE—PRMREREE SR
g THMMEERNERRASBNESHR+oRE - R—R I8 ARATEANTA Y
EER IR IR ZZ R MY LU R M BN I F I (R R EE -

BB ERNRA RN EGAY - WEMIEE AR EREEERE 05 W
Zk#E - WL BRGEHSUK HSD SHE R R HREBEOABITE > Dempster 52
BENEERSEREVENEESROBBRALE - R AEEAMGHEERZEK

£— TRABRBRERZ2HERANEEAEEEZRENECEDRSHHRE

A B B B FfE b i 2o MBS
e B 2 B i % wE O mEE 4B wE NEE
*(m) *(m/s) *(m/s2) *(m) (m/s) (m/s2)
Dempster  Fig# 0.027 0.180 2.523 0.041 0.186 0.921
= 0.008 0.036 0.499 0.018 0.063 0.297
Clauser  ZFi%%  0.028 0.169 2.415 0.041 0.186 0.919
Mgz 0.009 0.039 . 0.504 0.017 0.061 0.305
Zatsiorsky Fi9B  0.028 0.151 2.240 0.040 0.186 0.905
maeE 0.010 0.038 0.501 0.016 0.060 0.245
HEE FEH 0.028 0.149 2.213 0.040 0.185 0.888
maE 0.009 0.037 0.489 0.016 0.061 0.236
Matsui  Fiy%  0.027 0.176 2.463 0.041 0.190 0.901
@iz 0.008 0.042 0.501 0.017 0.061 0.244
Hanavan  ZF39%  0.029 0.151 2.224 0.041 0.187 0.858
{#e  0.010 0.037 0.480 0.016 0.062 - 0.239
T&R T 0032 0.174 2.505 0.046 0.191 0.889
) EHE 0010 0.042 0.507 0.018 0.060 0.284
wWEy  0.029 0.164 2.369 0.041 0.187 0.897

RiEEE  0.009 0.040 0.527 0.016 0.061 0.263

*p<.05
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6 TR EBESHEWRE [T BE Dempster 2854 0.005m £ 0.006m 2 » &
OEENEOCIEENREZLE G > 815 Dempster Sefs % + Matsui #24E A% -
Clauser B 2 A B £ & BB E T MR 2 ARG KR Zatziorsky & Seluyanov B
v -BHEREE SR E MBS E R RS L Hanavan RIS A SRR 28R » HEE
3= EHI R EEE 0.030m/s ~ HIEE 0.310m/s?

Bt EREEBNECERSRE  BTELMIBHRPTEABNRSHEEEEE
st BLEBENECINEEETRAABRESBENREETREZEFNLR  BrkE
o R I B O IS BE R B0 S R HE AR 2 (B 5 B R 49 18 0.897my/s? 711 0.187mys © B
REGUBNAFHEEREEETAABREBZ2BIAEEEESR » ATl FHRE—
S UH PR HSD B #THEANE  EERRISANE SRR EHUIREREEE
DARREM - FPHEAPEAN ABBEER2EHAESNERZEES 0.003 £ 0.005m -

RETRERBERAANEERENTRAABBES2EEH 2R CREITER  H
PREBPRIABE OB SN R o1RSRA Zatziorsky & Seluyanov B v - s
HHAEEN CT & ARRERBEIRRMEN - SRAEFBL AR (1990) ISR EETE
BRREHENER ME ' UFAHERRSBHFEGRE O UBNREELEELTBLA
BRERREFNTENSEIEREEL - ERELCEENSCIIEENREZHE  RE
HMAHEHR Y —E0EHSRSEETHN BT RS EEE—S 1M R
WREALR - T& R TRAEERSENERFE » AH7EH35R Nigg (1994)
U EES  + -HRER CT B EE.LEH22RNREREESREM IR
I

REAGSFTNERER  FHRHPRBTENARKERSEES LES2EY
MR bt BERTHEHENEZER TR TRAABRBRSHEELNEREGBASHERE
W TBRBADCHE - MPRERSTHNEERHNIRENARBRESBEEERE » R
TREWENIEEN W& RAENSTERELTUERE—ERR2BEHE
“#’F%EW%%% TMREARNEER  FERECRETREBRTER - LBNBRE
A BHEEHEELEREENHGEREREERE SR EAXEBRE
ﬁ%’%%f’ﬁﬂﬁﬁlfﬁ & BB THERINER -

FHERBHANRHEABRERGEERSFAMERER Y » UHEIE (B8
B BRHEERE) RFHEEABRERMBEERROEOINEE - BEO0EE - B
BEFRZE  REERERMTENLEARABRREB2EBCEDBRE  GRETRE
EREN R PSR EL O AR - BEFIINEE AR ES IS 0.029 £ 0.009m -
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The Study of Dynamical Movement of the
Human Center of Mass Measurement Errors
by Different Body Segment Parameters

YChen-Fu Huang, 'Chung-Yu Chen, 1Ti-Yu Chen,
2Yu Liu, & 2Chih-Ming Lee
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Abstract

The purpose of this study is to use the displacement, velocity, and acceleration
of body center of mass when performing the standing vertical jump from the force
plate as a criterion to compare the errors of videotape when using different body
segment parameters. Eighteen healthy male academics were served as the subjects for
this study. A Kistler force plate (600Hz) and a Peak Performance high speed camera
(120Hz) were synchro-nized to collect the subject performing the standing vertical
jump. The vertical ground reaction forces and subject mass were used to calculate
kinematical variables for the body center of mass during the vertical jumping. It was
used as a criterion to compare the results of the body center of mass calculated from
the videotape by using different methods of body segment parameters. Those meth-
ods including Dempster, Clauser, Zatziorsky & Seluyanov, Hu, Hanavan, Matsui,
and Wang studies. The results showed the average standard error of estimate for
displacement, velocity, and acceleration during action phase were 0.029 + 0.00Ym,
0.164 + 0.040m/s, 2.369 + 0.527m/s? respectively. During the flight phase, the aver-
age standard error of estimate for displacement, velocity, and acceleration were
0.041 % 0.016m, 0.187 + 0.061m/s, 0.897 £ 0.263m/s? respectively. This study also
indicated the error of kinematical variables in the body center of mass by Zatziorsky
& Seluyanov, Hu, and Hanavan model were lower significantly than the other body

segment parameters.
Keywords: Sports Biomechanics, Errors, Anthropometry, Center of Mass
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