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AH RO EEBHRRRABEL TR IEB GO ESMZE » RE
Mok BB HAE  HAB A IMETTRAAMBASHBFOAMECEZE - R
JE Fodoik G R £ 48 o T %0 Kistler i8] /1 #8247 £ %t (600Hz) 4% ~ 3t
AAAREXESE18% (228 +35&K 1735+ 52 %% 67.9+55
R ) #ATR M E G ke e) 0 EEHE S BB 0 £ F # X Peak Perfor-
mance ¥ K 947 & % (120Hz) ek #15 @42 » BBF K 2 EMA T FAIAM
RRfL 480 At R E B SR & O H R 53 BN i e R
SOt AR 2R o BA SRR AR SIS © Dempster R
3% - Clauser @82 X 7% + Zatziorsky & Seluyanov # 7 -4t#7% ~ #4&F )
TS W7 R AF #4575 - Hanavan #83% « Matsui #93$H A ke T 2RO HEH

HELERMATEARHEGR TS  RE Fodeik T ETR
$3% £ 551 & 0.029 £ 0.009m -~ 0.164 + 0.040m/s ~ 2.369 + 0.527m/s? ;
M E A R Ao ik B TR £ 591K 0.041 £ 0.016m - 0.187
+ 0.061m/s + 0.897 & 0.263m/s? - M ifi i Zatziorsky & Seluyanov &) 7 -
SHERE ~ H1EF 60 T NGB R IF 7k Ao Hanavan 224 3R /3 ey AR AR B 580
HARBT R S1E il & 0 1E §) 5 5 $093R £ AR A LB R R F 53 (p<.05) -
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FAHROERMTRULBALY ) ERREEEZFTRARME SRS
BHRAZEESE > MARERRGTAHAAMNETLOFRRRLGER
IR AR EOFR > CRBEMMAT R LHER Rk

BAEEER - £MNP - ABRRUERS - &b - 2=
o8 %

— BEBTR

LY FIBRTE S P o B H 4Tk (Cinematography) 2 HZe B {E B2 M —EESE
FBe o a2 IRV RN A RER T W IR JERST R - MR
MEERIEE Y (%758 0 1991 ) MERFE » SE S I5 8 5 o 15 E S0 (Rigid
Body) #1785 58 5 8 B (Winter, 1990) » Bt » A EHBEFEETEE S 0%
fr{bRR N - 185 BBt (Segment) Lt BHIFSHERE » /RS2 ARE - B S Ras &)
AT REHERE - fEE @ 2 F A B 2 MR -

1B5eM - ERRAB A (1992) =2 HEDD ~ &% 5 A1 8L A BE (1990) L — #E A #8 &y
IR (Reaction-board) ¥ R4 » 43 BT A MRS AR E S - L& NWTRAR
BE2BEMNEOERFR  MOAEERRAEANTRE : BREESALR
Matsui W A2 BESPHARNE - REZHE (B4R 2.63cm ~ 74 /MR
0.18cm ) ;5 AJ R B HENNFE AR THFIEAIE H Zatziorsky & Seluyanov (1983) i) 7 s kil
BPEAKER (REMARLE 1.2cm ) » i Matsui #9755 3% 8570 5l E (B4%
0.486cm-1.098cm %4 0.490cm-1.606cm ) ; $75H5% A 47 Dempster + Clauser.
EERA A R Matsui & =02 808 #@R « £ B R ECHERER  EEHEINS AZRSHE
PR AS B A BORE S KM BB @ RS R R B A TEY -

R T R e — o O SREAROEREE (A RS 2 B LA - FIETE (1997) 8 4 DR
i 52 E Bk (Counter movement jump) B {E#§ K 5 #7 i b £ F§ Dempster 1 Zatzio ]
& Seluyanov — i A #82 By B 38 [5) A 0 7 A i b B R At SO 0 i iE Rk 8
REAMMMEZR > AR AR Y RN ELERE 3.82cm (il
AW RGO L SR EEE 0.41ecm » RREBREAEN S

ik EATR M ARG E ORZEWTE » K A HAOFEHE R S BN A TR
M MEOEEHEIN S A @ SRR BH AL AE - ERRBR BRI S
i A\ 15 B B 2 BT e BT AR RE A L T 5 A 0 1RIR Nige 18 802 4wt i
HREEORSRRER S A RERNE S ERBRREORE  HMRE 2cm £4H
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B ERR (1993) DB HEEGTENABSHNELRETE Som 2% - |
s AHRABR THRARESHENA SRR EEENE R > I Emmaen
- BRI R A RN EAGEEND > HE L RIRERRH R ) FRa N RE - i
R AR - TSR FRBEEROEE AR FOMER 4
- HPHE @SS B A RESE D B - EEARYNEETREY  USERERASH
REVFFEHE TS - A R P HERRRE R A AN » fEHAIBEE » T LU LR
WEHBRER - ¥ RN EL -
—HMRE®M

A TR S AR ) 7 A5 A R R B (R RO T R VR D 0 DA iR (SR
B h BGETEEE ) KT E A8 0 5 5 kR 0 T O R~ B - B
EIFRBAR 5 ME SRR EBBALA RS > B A28 ( Dempster
B#e itk ~ Clauser BB A ¥k « Zatziorsky & Seluyanov 9 v -43§55:  #E &1 CT
#: > Hanavan 88U ¢L « Matsui BB G T & RSB ) MELAE - #

FE ~ DR E o e L L R T A MR AR 0 O B B 2 W B S T R R
ik P Y 22 il 5 HE B8 2% (Standard error of estimate, SEE) {i o

Y Pl

— FHE

AWM ZRER BN 184 S HA KR EIRY A S 4 FEHENS ;
HEGFEM - SR8 ES DS 22.8 3.5 + 173.5 + 5.2 04 F167.9+ 5.5 N
—RoW

BFF 76 o [ 3 T B F 1 B LB B RIS 0 J2 1L Peak Performance A B8 BI{ES
1% 4% Windows JRfES £ 8 TH o — & Peak &SI (120Hz) L& SR E 04
BB R 2R H R ER - FIE Peak 540 8 8 10 K OLERBIB B R R 25
F2 AR ORI E AR A TR BIE A TRRE A BT AT
A « A5 BRI S TR BB A S o LUVE RS A { ST B AR FE R AR
EAMAREIT o 4 AR5 7 18 R WA R
= AR

B 5 [ T T RO B 2 R R 1 Kiistler 9287 U i) ) 4K 47 M0 i % 6 Fi

-3 -



308 HMEESREHE —+/\#

TR o ABZELIER 600 RGEZ W L EEME A RN ERFERD - HE8
BioWare Performance Module 1.0 43 #7 5§ i 55 [ 3t 35 1500k 5y 09 2L b BE ~ S3EREAT
(gL o

- BRI

SR RIS AT 05 2 B B S R 0 32 R AR B R A~ RN SEAR IEBEE 0 DA
£5 Hanavan A8 458Y ) i B¢ 2 G - FUHEEBERIE - 75/ 8) VCR M5 E R
BRAA A0SR (F IO B R » A ZRABW LR A FHGERABE BB O REHE
I S R R AF A ROk WEBEED FREEBRREIFI O S 0 (ERBE TIRREDRIER
HOUGEAF IE » B — REE o FAIRRAE LB =R G EESBFHRE - FEIURENE)
YEERRE — RKAETBAL 4T - '

F - EHEAEE
B2 43 A 0 S (b R ER R DA 1 B Bt O AR HR A BRSO EE R - AR A
A S [ A B B B 2l DGR R kB (R AR EO T AL B
REHE 3 B AT R LR o 49 A A (B U RS (T I8 ¥ B (Butterworth Fourth-
Order Zero Lag Digital Filter) i {7 7 #§ (Smoothing) #J 5E ¥ » # 1k 35 28 (Cutoff
frequency) 3 HUft £ o # 4R A9 I 44 ) B & FHIE @ 80HZz HYE @I R # » KIFEH
H EE 1 5 A D DR AR b AR o
R B il 43 A7 b B B 23 J9 4R A Simpson BRETEL ¢

N-At

J f(x)-dx=f,+
0

i+1 +fi+2 )

At BEEARIRPERE - N SRR % y

SSA TR 1 e L S 0 B O O ) A 8 B 2 MR T

B B B A o EEAT ST HE R I B o R R M AR O BR 2 A X fE BRI
ZI I REAR o MR 2R EHE R » 2 L Microsoft Excel 97 i34 © ﬁhaﬂﬁ‘-‘ﬁﬁﬁfﬁ
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11 (repeated measures one-way ANOVA) {FRZERNBEFERE » ERBEEERE
75 LA#E 9L ES HSD ¥ (honestly significant difference) 17854 o o AHFZE A0 82K
HLEB o =05 -

%~ 8 R

fl— R E A TR EEBEN R - i RAOTR S /5 kA i AT I 53
ERET S S E O DAL ~ SRR B IRF R A9 i AR - 7218 — rh A b ARG S 542
B aLUE S RVESE S KRS0 E - K-8 18 2B EN DAL
S s L i 3t il 2 I s ) L (B P BRI S BE 1 P09 A SR HERR 22 M -

A AE B F AR IR B A B A% - S RE RIS BE £ G e BR 2 il 2 5% .05 9
FokHE » HIE  FEEH YUK HSD SRR HEE SR BEE O 5 H © Dempster B2
MR B B 2 R A AN E R B BB R - R R RS A i SRR e R A il 2R

T— TRABKREZSEERNEERRMOEREEENECESHRSHERE

B h B B Al 3l i 2 I e
Ll fir % M mEE B HE M
*(m) *(m/s) *(m/s2) *(m) (m/s) (m/s2)
Dempster 8 0.027 0.180 2.523 0.041 0.186 0.921
e 0.008 0.036 0.499 0.018 0.063 0.297
Clauser 9% 0.028 0.169 2.415 0.041 0.186 0.919
e 0.009 0.039 0.504 0.017 0.061 0.305
Zatsiorsky iy 0.028 0.151 2.240 0.040 0.186 0.905
e 0.010 0.038 0.501 0.016 0.060 0.245
HER  TEE 0.028 0.149 2.213 0.040 0.185 0.888
fEue e 0.009 0.037 0.489 0.016 0.061 0.236
Matsui T8 0.027 0.176 2.463 0.041 0.190 0.901
BREE 0.008 0.042 0.501 0.017 0.061 0.244
Hanavan T 0.029 0.151 2.224 0.041 0.187 0.858
fEne 0.010 0.037 0.480 0.016 0.062 0.239
TE&®R FHK 0.032 0.174 2.505 0.046 0.191 0.889
e 0.010 0.042 0.507 0.018 0.060 0.284
e 0.029 0.164 2.369 0.041 0.187 0.897
feiERe  0.009 0.040 0.527 0.016 0.061 0.263

*p<.05
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R TR S 2R E B @B Dempster 28549 0.005m £ 0.006m i £ - fE &
o S PR D L S B YRR 2 PL W 5 T > HI A3 Dempster B S 5 + Matsui S8 Rk
Clauser 35 B 2% 305 R0 T 467 pR B 22 BE 5 By RR 2= fE WA B K I Zatziorsky & Seluyanov i)
v -SRI A S G S R % A0 Hanavan BBV RO A EY 2 B K - R
7 47 55 S BE 0.030my/s ~ Dis#AE 0.310m/s? -

B PR EER SR E > BRTEOUBHPTAREARMEZSEAEHEEZR
b HOHEMNEOINEEETAABRKES2ENREEERGERENTRE - Brhk
29 [ 4 () 2 S FEE ) 6 SO i AR B 18 43 B 549 75 0.897my/s% A 0.187my/s i
PEROIBAGGHEEREEEFAAGSEERSZE I/ MEEEER > il AW5E—
LA SIS HSD SR T It Fh i o 5 5 5 3R F <8 ol i S0 2 5 X A T G 2 PR BB i
DR RRZEfE » R AR H i A i8R 2 BET R SRR Z 549 0.003 % 0.005m °

WA TR A RSB AR AR R 2 W B BB RS R 0 B
REE P ABEOAE SN 0 R o ITRER A Zatziorsky & Seluyanov #) v -5 R 5
SAAEEK CT B » AR B BN ~ &S0 A Bk (1990) LARFRE L BT
RS T R MRS o 0 B o LUARTHZEER B 8 5 k6 B 8O A7 88 B AR 22 il th I SR i B A
EEERRAHENHEAEREBER - ERELCHENEONEENREHE > LR E
Al ZE B I — O E B R 2 B ITERE 0 BTRL 0 ACHT S M o — A0 SR fth Y SRR
AL - 73 HPAEARKESBAEERHH « K783 Nigg (1994)
LI IR ~ v -HR B CT AR ELED 22BN EREESR M EZ
s -

fle o AT IS SRE 3K 0 AU SR B R A R B A AR B 2 A L) R
Wk b ERTEEFNER R FAARBKESEELNREGB NS HE K
T BN Sy 2 o BRES EE BR S AT RS B R AR R A8 B 2 WU RE 0 R
FRAWERNEELN > a2 RHENSTERETUERE - ERE2ELEHE
FIIEERNEE  MRENANEENE  TERERBETBRBIRTHERE LB H R
LAY B RE SRR ES ERERNRG FREEEEZR > ERENANEEHE
BB EENRE T o TE Bl TR -

B @

A BFF AR R ) 0 4B 0 A R R I S R I Bk B (R A ST R AF AR D DARRST R (SRR
By ) SRR R ) A AR S R M B RS A L I - L - B
BIF SR FabERER S TENCEAR ARKESHZERRE - HERETE
TEBRE) E0 A RSB EL AR ~ SR RERTISE B 79 fl S HRHERR 2253 B £% 0.029 & 0.009m »
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0.164 + 0.040m/s ~ 2.369 + 0.527m/s? ; MEZePEEY IO ATRE « S D0 S 2 3 s
% Bl % 0.041 £ 0.016m - 0.187 + 0.06lm/s - 0.897 + 0.263m/s® - ifi i i&
Zatziorsky & Seluyanov HY v -5 ~ HH 58 & # SE 1K B & i £ £5 A Hanavan B8 ;8
SRy A2 B2 B B AW 2R B 15 ik 30 D SR 2 B YRR 22 DR BRI LAt Y B B 2
¥ (p<.05) °
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The Study of Dynamical Movement of the
Human Center of Mass Measurement Errors
by Different Body Segment Parameters

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

I National Taiwan Normal University

2Chinese Culture University

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 + 0.009m,
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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