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An analysis for horizontal velocity of the centre of gravity of race walkers using an inverted pendulum
model on official Men’s 20 km Race Walking event
Yasushi ENOMOTO”  Toshiharu YOKOZAWA"

Koji HOGA"”  Michiyoshi AE”

Norihisa FUJII?

1) Ibaraki Prefectural University

2) University of Tsukuba

3) Kyoto University of Education
4) Japan Institute of Sports Sciences

Abstract

This study used the inverted pendulum model to analyse the kinematic factors of the body segments
required for high walking speed in male race walkers in official races, including elite walkers. Male
race walkers participating in official 20 km-races were videotaped using a VTR camera (60 Hz) set
perpendicular to the course. Thirty-five elite race walkers (race records 1:19°50” — 1:34°58”) were
selected as subjects. A two-dimensional 14-segment linked model and an inverse pendulum model of
the centre of gravity (CG) to the support foot were used to calculate biomechanical parameters in the
early phase of the race. Large vertical acceleration of the torso occurred at the mid stance phase and
influenced to the acceleration of the pendulum length which resulted in large extensional velocity of the

pendulum.
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Table 1 Characteristics of the subjects for official
races(V = 35).

Mean SD Max - Min
Age (yrs) 23.1 4.3 34 - 18
Height (m) 1.71 0.05 1.83 - 1.63
Body M k 57.8 4.4
ody Mass (kg) 68 - 50

Race time 1.27°55"1 4'33"5 1.19'50" - 1.34’59”

Personal best time 1.26'07"5 510" 1:18°27" - 1:34’59”

Performance Ratio (%) 97.0 3.6 100.0 - 88.0
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Table 2 Charactristics of the subjects for

experiment W = 12)

Unpaird

Mean SD Max - Min t-value to

official races
Age (yrs) 20.9 3.0 29 - 18 1.94
Height (m) 1.72 0.04 1.78 - 1.64 0.77
Body mass 56.0 3.3 62 - 50 1.46

(kg)
Personal 43'43793 2’14758 40'52"70 - 48'50"76 0.94
best time
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Figure 1 Definition of segment angles
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Figure 2 An inverted pendulum model
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Figure3 Normalized pattern of the center of
pressure position (CP) for all subject in the
experiment. Position of CP for each subject
was normalized by the horizontal length from
heel to toe of the support foot as 100 %, and
normalized by the time of the support phase,
which was defined as the time from the instant
ofright heel strike to the instant of right
toe off as 100 %.
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Table 3 Mean average walking speed for official races

(V = 35) and experiment (V = 12).

Mean SD Unpaird t-value
Official races (m/s) 3.80 0.20
1.77
experiments (m) 3.91 0.17

XIFEAR
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4
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b) Mean normalized CP
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Figure 4 Horizontal velocity of the centre of gravity
(V.), the flexion—extension component (V..
.), the rotational component (V,,), and
the moving foot of the pendulum component
(Vipoe) of V. for all subjects (N = 12)
during the support phase on experiment. The
upper figure (a) shows data calculated with
thecenter of pressure for each subject. The
lower figure (b) shows data calculated with

the average center of pressure
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Figure 5 Horizontal velocity of the centre of

gravity (V,), the flexion-extension
component (Vg,...), the rotational component
(V.,.), and the moving foot of the pendulum
component (V) of V_ for all subjects WV
= 35)during the support phase on official

races. Data was calculated with the average

center of pressure of experiment
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Table 4 The horizontal velocity of the centre of

gravity at right heel strike, at right toe-—
off and the minimum value for all subjects
in official races (V = 35). Coefficients of
correlation (r) and standardized coefficients
of multiple regressions ( £ ) to the average

walking speed during one cycle (V,,.) were

calculated.
to th
r to the average szlki: a;/eer:ge
Mean SD walking speed Y gavZ)
V- x
(Vx-ave) (r? = 0.999)
Vx at right
heel strike 3.95 0.28 0.70 *** 0.20
(m/s)
Vicat minimum g o0 g o4 0.94 0.24
(m/s)
Vx atright toe o, 0.25 0.81 0.56
off (m/s)
***p < 0.001

Table 5 The flexion—extension component (Vi . o) s

the rotational component (V,,,,), and the
foot of the pendulum component (V,.,,) of the
horizontal velocity of the centre of gravity
at the instant of the minimum average walking

speed (V,,,,) for all subjects in official
races (N = 35).

B to Vx-min

Mean SD r to Vx-min
(r? = 0.999)
Vx-flex-ext
0.04 0.08 0.14 0.16
(m/s)
Vx-rot (m/s) 2.43 0.25 0.76 *** 0.84 ***
Vx-foot (m/s) 1.16 0.22 0.04 0.02
***p < 0.001

Table 5% Table 4 & FARICARXBEHE S TD Y,
WE/IMEZ R LTERERIZ T D Vieare > Vot Vioor
ERLIESGDTHD. V, OF/ME (V) & DR
BB DTDIT, Ve (X 2R ) BEIO
EAREEIFR S (F) ZRLTZ. Vo X, Ve, &EO
MICHEZ2FMER AL (r = 0.76, p < 0.05),
F7o, HEURSPTOMR, Ve STV, bR
WERZ R L7 (4 =0.84, p < 0.05). 72k, #

IR E Mo 72, VI LTH 1V, b il
WERZ R LT (r = 0.54, p < 0.05, £ = 0.84,
p < 0.05).

AN RICBT DA RS V. DN i/ME %
LR ETO V.., BEXOV, OEEE

Table 6a The difference in Vg ., and V,

rot

from the
right heel strike to the instant of minimum

V. for all subject in official races (VW = 35).

Mean SD rto Vave
Vy-rot (m/s) 0.42 0.30 0.19
V-flex-ext
-0.25 0.11 -0.03
(m/s)

Table 6b The difference in Vg, ., and V

rot

from the
instant of minimum ¥V, to right toe-off for

all subject in official races (N = 35).

Mean SD rto Vave
Vy-rot (m/s) 0.56 0.29 -0.28
Vy-flex-ext
0.73 0.16 0.53 **
(m/s)
**p < 0.01

Table 6a(Z/xL7z. & 5IZ, Table 6b (ZiFlA U<
AR TOV, BE/MEZ R LIZREEN O A2
Mt E CcOV,, ., BXOV, OB{EEZRLIEZ.
R, V. EOBRERDLTDIT, VT HHH
R EEnEn s L7,

Vierere VXV, DYEAMEZ 7R UTZ IR R0 B A 2 Bl Hb
FETEIML, Ve OEINEZ YV, EOMICHEE
RN (0 = 0.53, p < 0.01). V., I¥H
NGV, DA R LR E THEML T
W2, V. & ORICE B RFBEIEA L2057 (r
=0.19).

3. R EEAE, bR, REr (HAT) OFREN
L &

Table 71XV, DWE/MEZ R LTCREEOIRF DK
SOMEE 4,,) BIO, HRELOHE S\
WE A,,,), S, B, s A bR sy (HAT)

OEEHANEHE A, ) ZRLTZBDTHD. &
IR E 2o 7228, A, (13.78 £ 2.85 m/s’)
&nw®ﬁ FHEERHEEAALNRE (¢ = 0.40,
p < 0.05). Ay,cg(r =0.88, p < 0.05)FBLVA, 4, (r
= 0.84, p < 0.05) (X4, &OEICHAERFMEEN
BT,

Figure 6 IZAXBIHZICHIT 2R TOHBRE D
HIREOOMES INEE 4,.,) 8K HAT O
[ENA I IBEYES (AyfllAT) DB & AR 2= % AL
L7eH ROV TRLE D TH D, 4,,, B
LA,y VA R B TIRIZ 0 DEE R L,
KRFHA 40 % ETHNL C, AR E TR LT
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pen’ ?

Table 7 The acceleration of pendulum (4
vertical acceleration of the center of gravity
“

arms, and torso (4,,,) at the instant of the

y,eg) and the vertical acceleration of head,

minimum walking speed for all subjects in

official races (NV = 35).

Mean SD rto Apen
Apen (m/s?) 13.78 2.85
Ay.cq (M/s?) -0.21 0.60 0.88 *
Ay-mar (m/s?) 0.41 1.07 0.84 *
*p < 0.05

Table 8 The time and length of downward and upward
vertical displacement of CG during the support

phase for all subjects in official races (V =

35).
Mean SD r to Vave
Down 0.11 0.02 -0.21
Time (s)
Up 0.17 0.02 -0.36 *
Down -0.03 0.01 0.05
Length (m)
Up -0.05 0.01 0.14
*p <0.05

Wim. ETm, A, B Ay EEERI35% 05 50 %
ECV,. ELREERMEEEZ R L. £, V, DD
AR UToRERIC I T 2 3R oo 258, ThE, KR
DOAEER I OHINEE L v, ORBERIZOWTHRTE
EARBRMEBEITA LN T

Table 8 ITAFFH S DT OWRE OF & 3FF
BT D HERELN LB X OTFH~BE) L-ik
Bz R L7oboTHD. HRELOEMITES, T
FEbiTv,, EITHERRMEBIEA N2 L
NL, EHF~OBEEIZOWTILY, B
BRAH ST (r = -0.36, p < 0.05).

V. &%

1. ARXBHESCBIT LBNIE T VO Y4
AL, AXBEE S COMm R IFHIA T =
oo fotoh, FEBRICERIT D XFHE O R IETIHOAL
Eab LI LT, AABERITET 5 &R OALE
EHEE L CHENRE £ T VO A & OB L Lz
Mraefto7-.

Figure 4a & 4b 2R L7-18V, FEERIZBIT A4
B Z & D RIEH L EEINR T VO & O
PRl UCRM LK THEDOAER L, BIE

AL AR

o

5‘ — A, (Mean)
E 10 — — Ay (Mean)
<

S ——— A (SD)

i

K - AyrHAT(SD)
@

S

<

e p<005(A.)
O P<0.05(Au)

10 L
0% 20% 40% 60% 80% 100%
Normalized support phase [%]

Figure 6 The vertical acceleration of the center

) and HAT (A, for all
subjects (N = 35)during the support phase.

of gravity

y-eg

Circles indicate the phases in which 4,
and A, ,,, was significantly related to
the mean upward vertical average of each

segment.

HODORYERE O E R & LK EEDOT —
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Table 3IZ/R L7z Y, 1 ¥ A 7 VHOFEBRITH
FEIXER EARFHS E THEEREZTARONT, K
SEEHODEEDOEALNZ — 2D T, Figure 4a
EAb IR LT EBRICBIT 27 —# & Figure 5 IR
L7 ARFHSCB T 57 — % ORICA B /2 22134
LN NholzZ Linh, FEERICBW TR LY
D REJEFDMLE I FE S W ENIE T ML - T
NABBEEOT —H 2o T2 b2 U THD L
EZHND.

2. FRIFHICRT K FEOEEOZEL

Figure 4a, 4b, 5Z;x L7z L D IZEBRTH AN
B T O AL B R B AL S R R E T
WL, ZO®%RMEMLCHt L Tz, 22T, #
HORE, SR/ MEHBLRE, BERIE O Z 2 DK AT
B LS OBITIHRE L OBRE R L 25, W
NOREICBWTCHAERMEENS Y, K/ MEHB
IRF DA TIRFE DR THEE & fe b BFR 38R D 5 72
Z &6 (Table 4), Z DD KVEELNEE 2 HERL
TLEREFEMCRETT 5 2 & CRERBITHE
EETAHTEOOHEREPALNITEHEEZLN
5. FIZT, ARFEECEE O R/ IMED HEBL L 72 AL
TOMKEESR, FHRER, EEFOLER & BITHE
B/ MEFR X ONE TR E ORRE 7o L 2 A, (]
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HREE N BABRBH o722 6 (Table 5),
IR B s 3 e /M % 7R T IRE AT D[RR SR A3 K
TN EDKFEEOLEEZ @D, mWBTIEE 2
BT 27ODEERBER THLEEZXDILD.
Figure 5 Z/r L7z &R0, AKFEELHE DAL
PRI E IR EE DA T 5 /i TN 52
kX —2ToD. Table ball/xL=@b, A&
e~ & K HL O B e/ IMIEAS B D RERLE T
[ElER B R DI A T E & XA B R BRIT A
BT, BRI ORERESE OHINT R & 22T
OEEFIITEBR LT ot EZz NS, &
7o, AREEOEE O BB G /M £ T O
D (-0.32 £ 0.23 m/s) (ZOWT b IEHHRATIHE &
IFAERMBEIIR LT (r = 0.004), ZFRFHIRTY:
BT DK FERLEES SO EROLITRE 72
HBATHE OBRIIFBER L T Rhoo B2 6N
L. FO—FT, fi BRI O KL E O K &
SUTELPATHE & A BN A L2721 T
< (Table 4), KFEHCHE FH/IME & A E 2RV
BRA S (r = 0.59, p < 0.05), KNEELEE
DE/MEDE SITHEL TWZEBZ LS.
BARDONL— L TIET— T ORNEEH L T h H —
FORNEHTHETCORR AT a2 Tk
SR OFETFAFHENARTHEST S Z &1
o TEY, ZORMEIX0.04s L FiZ/esn Z &0
Knicker & Loch (1990) Ik V&G &EnT\W5b. F
7z, Hoga & (2003) 2L TCWVWDH X 91, AAK
ENOARFHEETHRILRFHICBEE->TnDH 2
EDD, BARTIIT DIESCRRERNIIER 1<, 2
1B 0D A 2 B D VBB D 1 oD & D BEAR N IR
IZHRWEE X H T LN TE D, Table 6b IR LT
Y, KR R ME DS HBLS D IR B 4
Bl & COMKEER OZ LI EBTERE L I3 E
RN AR LN Z LD, KRR T O MifE
FOEANTA BB O ACTE R OHE DR E ST
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FOMKER O FRE NN

KB BE D /M 3L L 72 R U B 1 D iR
D F DR S OINEBET BB TIHRE & ORICAE R
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F 72, DaMilano & (2008) 1%, &\ )
EXIRE LT, RO ETERAREWEEITe R -
FT e arBy NEFEETLLOL LTHEITHARE
HDE LTWA. Figure 612 R L7 X 9 BR8N E T
FI~DOINEREILZZ YW oo E TN ZHERTH L EX
5D M, Table 7TIZ/R L7z & 9 ICAHIZE D BRE
TSR T I T D ERIE T M DENLIT AT
W IIIERIT R0 o . 2 O— 07 TEE ST ~D
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7o, MEEREWI EITHELRELSTHI LTk
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FU@SIZEITT 2RI ZE LTWe B bR
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The survey of dietary habit and awareness of children and parents participated in national amateur track
and field championship for elementary student in Japan
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Abstract

The purpose of this study was to clarify the dietary habit and life style of elementary—age track and field
athletes. 707 children and whose parents participated in this study. Dietary habits, dietary awareness,
body condition, life style were investigated by questionnaire. The rate of undernourished children was
lower than national average. Confectionary and ice-cream were often consumed as well as staple foods
and daily products. Though parents were conscious of body condition, balanced-diet and eating manner
of their children, children have not always been move into action. Because of parent’s dietary attitude
was linked to the children’s body condition and favorable habits, dietary management skill of parents
needs to be improved. In conclusion, nutrition education is needed for children and parents at the same
time.
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PR RE DBAFIE 2 S RV ELEIZ OV T HRD

K1 WHREOSRERHE K O0E R

BF ZF ES
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3 (%) 11.6£0.5 11.6+0.6 11605
5K (cm) 154482 152.66.0 1535+7.2
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Environmental temperature and women’s marathon-running performance in 12th IAAF world

championships in athletics

I. [XL®IZ

1984 FE D v A LB L R Tl LARE, i <o TH i i3
TR E Y 7 XA MVIZEM OB EBREL T TR
ENDHZENZV. mH BV R TR KON 1995
FEORM 2 == T = FLF~xT Y B NT,
T =TT —=REPIEICK Y, KEREL R
L7zDIEMOEETH L. £, 2007 FIZHAK
THAfE S5 11 B SRURFHE KBRS TIE, &
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B OZEBERE T CIToi ok EEi o X 5 72 EHh
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MHH, 7o, m— FEHE CTIEKIR, WA, BERHEE
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American College of Sports Medicine (1975,
1984) (38 FEREL T O EEIR & L TWBGT (Wet-
Bulb Globe Temperature: MBERERERIEEE) % AiVEL
L7z REHEE OBE PR E 2R L TS, —77,
TAAF (International Association of Athletics
Federations: B f2 H# ) 4 [Medical Manual
for Athletic and Road Racing Competition A

Practical Guide] (1998) % %& 17 L, American
College of Sports Medicine D fg&#HIZ HEHL L T,
INHIZOVWTHRLTWS., Bk LZX 91T, B
BE A o A - MEhicik, IREVERE & L C WBGT (2
L ABRPNEER SN TWDD, Lot FoR T
D= TV L —RIBITHEOFEMeHEITIZE
AERINTWRW., BEET LR, HEEFoL
TH = U ABLOa T4 a = TICREE R
ETEK THHRBEREEICBT D IEWIT, HRIK 2
5 ETHROTEHETHD. LrLRRL, ZAbIZ
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HLZEOWEITIZEAEREINTE LT, 2009 4FD
%12 [ FURTHE~L Y > KE (12th TAAF World
Championships in Athletics) IZBWTHEEETH
L. LTelnoT, FOREDOREL L (B LN
V) TYT VU L—ANMTONT=ON? £72, F~
TV =R, Thob, FERESEG FICE T —
ADINT F—~ AT L~V X D EEN B
DD 2IZOWNWTIIREATSH 5.

Z 2 CARIZETIE, 12 RO TSV Y
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BREREOHETEBIIFRROLBY ThH 5.
American College of Sports Medicine DIEHFEE!
(R TERBTIRE OWE VI CHEIL L C, A HIEEE
LT
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RH (FHAFIRFE), Tg (BERIEE), Tr GEKEmIE
F?'L)Llifé, EIRE ] & 925) Thoto. HIEE

IR 7 LEBVIERRAE G (B BARIERE - R

$—/m)wm—m%%%mt.%ﬁfﬁﬁi%

5 120em TR @B & B VT FICHEE L, 15 4500 1
PRt OWNEME % Fe A E - 7=, B R [ IR 5 1

35 PM series JIS C 6802(Distance D to Sport
S size) Mo, 72k, BRIEIREL 13K 10 43 HFRE T,
F7o, TOMODWBCT E DI H 13 1 4 fIfE CTHIE L7-.
2. FLERIERME, v TV URI - BREXALEZD
B, v=v7A—FR
ROERERCRIY, SWEE OB A M RigRIC R
DARRZDOFLEROEES (LUK, TRLERERE] L T2)
CHRDTZ. TV ORI, B —

= Lauferstrecke | Marathon Course . \\‘

— Geherstrecke | Race Walking Course ‘ )

o i, ¢ & 12 .
steag > TR tenst | s /" 13, Reichstag
UL u 5 ﬂ] —— 14. Friederichstadtpalast

. 9. Abgeordneterwohnungen
* 10. Haus der kulturen

7 DFLFRITKTT D% — T OFLERDOEIG BRSO
2. Skm DT = A — R, % 5km (A% —
k~ 5Km, 5~ 10Km, 10 ~ 15Km, 15 ~ 20Km, 20 ~
25Km, 25 ~ 30Km, 30 ~ 35Km, 35 ~ 40Km) & 40Km
~T 4=y aDAT Y v NEA LG 1 5%720

DT =7 AE—FK (m/min) ZRD7=. T h
LARBROSMEHE U A M X OAAGEkE H
W E T, RRESETICBIT AL —ADNRT —
VVX’iﬁ&VNwK;é%éﬁ&5®#%%
- BErd 27201, RERERBIZOWT, BN 6
RER (1 ~10f7, 11 ~20{7, 21 ~ 30 {7, 31 ~
40 7, 41 ~ 50 iz, 51 ~ 60 ir) (Z¥ERI L, bk L7-.

3. WeRHLER

WA AL ER FF B 1%, SPSS statistical package
program (Version 16.0 for Window) Z W 7=. T
PR, A - BB X A AFEEE ONAAL R
@4 13— o BC & 5y B0 BT (one—way ANOVA) % HH

v, BEMICHEZEDRO b1 Fisher” s
Modified least significant dlfference = Hu .
NS4 DRI N—T 2 A D EBRN—T XA LD
% student” s t test AW, 7B, A EKYE
TV uh p <0.05 & L7z
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24. Lustgarten
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m/min) ZRL7EHDOTHD.

A7 34 (1L Xue Bai; CHN, 217 J& IR 4
% ;JPN, 317 Aselefech Mergia;ETH) DA X — k
225 40Kkm ETOBKnfED T = 7 A — RiX
281 ~ 293 m/min CTHERE L7=2%, Xue FIX 41Km LA
BElZ~_—27 v 7 (310m/min) L, iBRET %2
F (303m/min) & Aselefech #ETF (298m/min) %5l
FEELCT 4=y a2 LTWD. JBRBIOARAT Y v
K& A B35 30Km AR D T > =2 7 A B — RO
FFRET), R A — FOYIY B2 & ZOXNEN
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AR LRI NN—T XA DR N—T 5 A
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t t t t
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101. 2% Toh-7=. ZHIUTx L TEDfhd 5 FETIT,
AP N—T H A MR TR NN—T XA LADNEE
WP T, 7o, B - BFEREIT L — 10 (2R
& 11~ 20 f7EE (97.6%) @ 2 FEMICH & 213

B T2, T O 2 BRI RT 21 ~ 30 (i fE
(94.3 %), 31 ~40 L& (91.5%), 41 ~ 50 fif &#F
(93.3%), 51 ~ 60zt (87.9%) 13H &IZIKfH %
RLTEE. bbb, EIOETFIFERRE - B
WEETHY, [F—BRE NI 2O T/
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B4 5 (INERL R D FEERZE RO Z R LT b D
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AR L72 & 912, 2T OFLEkERE O EIX
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4% ThHD.

MATTHEW R. ELY & (2007) %, WBGT Z#5i#E|z~
TIUNRT =< AL OB ERF L TN
ALY SR RE o (WBGT20. 4 + 1.84°C) & [RIFRE
D WBGT DIREEIRIE DL EITITFLERIR T HIL 5 ~ 6%

ERE (%)
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D/INENZ L ZHE L TWD. AR RO DK
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&, ZHUXMATTHEW R. ELY H0#E %2 XFi4 25 1
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3. T —XuLE

R EEORD T, AL EE E 2135
FAED TR X IZOWTIE, & (2004) Dok
SN T To 7. 9 ICBT 25 E/MEE
DOFHHIZSWTIX, O IR & TR & [
W, @525 & IHEE, © Iz &
M) &2 THW) v o 3EMRCEEL , 3Bk
(GEW, @, BYWY) ORZBEHEOESE (%) #H
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# 2 PERI O fE b
1. B+ 2. I+ 2k FEE
T H n=140 n=138 n=278 1il7)=4
AV SD AV SD AV SD %
D) /INEREERE COWHES 3.91 0.96  3.85 0.90  3.88 0.93
2) TEaEOE R 4.27 1.06  4.28 1.12  4.27 1.09
3) HEORFE (NE - & - BFRM L) 3.89 1.12 3.67 1.14 3.78 1.13
1) & TOMB/NEE E ORI 3.20 1.25 3.34 1.16 3.27 1.21
5) BiEE RS ~DOBEI N A 3.82 1.10  4.00 0.91 3.91 1.01
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< 3 BIEOEE R A% L R
(n=278)
il & E DXy
Lo 2 35 3 BV MNTERE TR BIE
HH % % %  MSARE WA WZEfE EREE A 85 Bk
1) 6.5 284 651  0.2968  46.73 59.84  10.37 153.40 -0.704 -7.31
2) 9.0 9.3  81.7  0.3568  55.83 74.63  25.31 121.68 -0.352 —8.91
3) 13.7  24.8  61.5  0.2660  42.05 56. 63 10.35  174.81 -0.942 -9.75
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name round  wind ft'f“s" X speed item 10 20 30 40 50 60 70 80 90 100
ime speed .
distance
m/s s m/s m
Usain Bolt FI 0.9 9.58 1235 65 |ime(s) 1.89 288 378 464 547 629 710 792 875 958
lap(s) 189 099 090 086 083 082 081 082 083 083
speed(m/s) 5.29 10.10 11.11 11.63 12.05 1220 1235 1220 12.05 12.05
Tyson Gay FI 0.9 9.71 122 65 ltime(s) 191 293 385 471 555 638 720 803 886 9.7
lap(s) 191 102 092 086 084 083 082 083 083 085
speed(m/s) 524 9.80 1087 11.63 11.90 1205 1220 1205 12.05 11.76
Asafa Powell FI 0.9 984 119 55 ltime(s) 187 290 382 470 555 639 723 808 894 984
lap(s) 187 103 092 088 085 084 084 085 086 090
speed(m/s) 5.35 971 1087 11.36 1176 11.90 11.90 11.76 11.63 11.11
Naoki Tsukahara | QF 04 1015 1136 55 lime(s) 190 295 390 480 570 658 746 834 923 10.15
lap(s) 190 105 095 090 090 088 088 0838 089 092
speed(m/s) 5.28 946 1055 11.07 11.19 11.36 11.36 11.31 11.22 10.91
Masashi Eriguchi | R1 -02 1038 1114 55 lime(s) 194 297 394 486 576 666 756 847 941 10.38
lap(s) 194 103 097 092 090 090 090 091 094 097
speed(m/s) 5.16 9.68 10.34 10.88 11.05 11.14 11.13 10.91 10.69 10.31
Shintaro Kimura | R1 -04 1047 1091 55 ltime(s) 193 297 392 485 577 669 761 855 949 1047
lap(s) 193 104 095 093 092 092 092 094 094 098
speed(m/s) 5.8 9.63 1045 10.78 10.89 10.91 10.84 10.68 10.56 10.24
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7 K (round), 7 4 =v > 2% A L (Finish
time), JAUE (wind), A¥— FEmE (start), &K
A2 — KFlE (max), 7 4 = > = HAif&E (finish)
CBITAHAE— K (speed), AT v 7HE (step
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X 3. BREHNCAIZBHBEBICE BRI AT — I DT ¢ = ¥ a FCOREMBER (LB &z (7
%) D24k
# 3. i+ 100m Rp5 (Final) (231 % AL 3E8FL 1 RTEE (1 Round) E7/ITHEX P (Q-Final) (25
TAAREFEILOEE (Height), AE (Weight), 77> K (round), 7 4 =v > a2 # A L (Finish
time), Ai#H (wind), A% — Nam (start), mAKAE— RE@E (nax), 7 4 = > = Bai/&m (finish)
BT A AE—FK (speed), AT v 7HEE (step frequency), A7 v 7 (step length) & 2R
i (contact)

RESIOEEL, TNENDRETO 4 AT v TOFEEE Lic. FIEET, KA —-FNRE LY = > 2 HAl

i & DFEERT-. T2, ARTA FIZHONWTE, RRAE— FRETOGEL R LT,

Usain Tyson Asafa Naoki Masashi Shintaro
Athlete Bolt Gay Powell Tsukahara Eriguchi Kimura
Height (cm) 196 183 190 180 170 171
Weight (kg) 95 73 88 75 60 68
round Final Final Final Q-Final 1 Round 1 Round
finish time(s) 9.58 9.71 9.84 10.15 10.38 10.47
wind(m/s) 0.9 0.9 0.9 0.4 -0.2 -04
(Sr':‘j‘:;' start 5.29 5.24 5.35 5.28 5.16 5.18
max 12.35 12.2 1.9 11.36 11.14 10.91
finish 11.98 11.76 1.1 10.91 10.31 10.24
% 97 96 93 96 93 94
(Sst/es‘; frequency oy 429 457 467 437 467 47
max 4.48 49 4.75 4.82 4.82 4.89
finish 4.29 4.54 417 4.6 467 4.75
% 96 93 88 95 97 97
Step start 1.35 1.21 1.21 1.28 1.14 1.14
length
(m) max 2.75 2.48 2.51 2.36 2.28 2.23
finish 2.81 2.61 2.66 2.37 2.24 219
% 102 105 106 100 98 98
max/ht 140 135 132 131 134 131
contact start 0.16 0.16 0.15 0.16 0.15 0.15
© max 0.09 0.07 0.08 0.09 0.09 0.09
finish 0.09 0.09 0.1 0.09 0.1 0.1
% 99 118 113 101 106 110

start; start—-10m

max; maxSpeed

finish; 90m—100m

% ; finish/max
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TIEHTEL 2 L2 BELT, #EilZ A A TiX30m
& 50m, X[ & 4 AL LCid20md 5 50m &
20m 7> 6 70m DM Z A L& ZF DX E DI A vr—
R, RRAE—RETT7 =y aZAEDMEA
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M T0m X & L=2oik, MEETOX A L KNT
ATNVOBEFEIZRDEOICHE L. T7bb,
20mE L THH 0 30mBEOX A LA NTA T, F
72, 20m R LT HD50m M X A 5T AT
V) ML—=V I EREBELE. Bhlbice
T AW H OWPEME S E O TR L 72, [BFE
HEWZLT, BFTIHLTENLLFTIX10.58
NH 01 BIEicENENOEE CEEZFEH Lz

R

100m

5% 100m 35 & O 1~ 100m THIE L 7z 147 10 4
DFLEk, MARAE—F, TOHIRXE, 2v— Fi
R, 10m ZEOMBY A L, Ty T EA L, X[H
PHIAE—RER1IBIOER 2R L. UV R
D R1IT T8, SFIXERES, FL IR CTH DH. A —
RERREIL, RAE—RICHT A7 =y ol
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BIXH], A E'— N, 10m

T omiE s A L,

2009 - — X, BF10m 2B W T Iy 7 THIE L Fy 7 10 DFtsk, mARKAE—F, TOH
Ty 7TEA L, RFEHAE—R
Sy RORITTI®R, SFITWRE, FILIZRETHD. AE— FBHEIE, BRAAY—RCxT 27 4=y v 2Bl
10m KO A — RKEFERE L7z,

A £ Sk mm mE mxRE—¢ bl AECEl uem 10 20 30 40 50 60 70 80 90 100
m/s s m/s m %

2009628 TEAESH | SF 19 1007 1152 55 68 |time(s) 191 294 386 474 561 648 735 824 914 1007
lap(s) 191 103 092 08 087 087 08 089 090 093

speedm/s) 524 971 1085 11.34 1150 1152 1145 1132 11.09 10.74

2000.6.27 5 EE RI 18 1009 1145 55 33 |time(s) 192 296 389 479 567 654 742 830 9.19 1009
lap(s) 192 104 093 090 08 087 08 08 089 090

speed(m/s) 520 968 1068 11.11 1140 1145 1139 1134 1129 1107

2009.9.23 GAY, Tyson FI 05 1013 1156 55 7 ftime(s) 193 299 392 48 569 656 743 830 920 10.13
lap(s) 193 106 093 090 087 087 087 087 090 093

speed(m/s) 517 947 1068 11.18 1141 1156 1154 1140 11.16 1074

2009.6.27 R#f fHAER | Ri 14 1021 11.19 55 36  [time(s) 189 293 387 478 568 658 747 837 928 1021
lap(s) 189 104 094 091 090 090 089 090 091 093

speed(m/s) 530 9.60 1058 1098 11.12 11.19 11.17 11.11 1097 1079

2009.6.28 T E HE SF 19 1022 1131 55 58 |time(s) 191 296 390 481 569 658 747 837 928 1022
lap(s) 191 105 094 091 088 089 089 090 091 094

speed(m/s) 523 956 10.59 11.08 11.26 11.31 11.23 11.13 1095 10.65

2009429 FF fHt RI 18 1028  11.26 55 45 |time(s) 196 302 397 48 578 666 755 845 935 1028
lap(s) 196 106 095 091 090 088 089 090 090 093

speedm/s) 511 945 1047 1096 1121 1126 11.23 11.19 11.08 10.75

2009.6.27 /NG EZ R 10 1031 1123 45 54  |time(s) 195 301 397 48 577 666 756 846 937 1031
lap(s) 195 106 096 091 089 089 090 090 091 094

speed(m/s) 514 941 1041 1096 1123 1120 11.16 11.08 11.06 1061

2009.6.28 KiR & SF 24 1034 1117 55 45  |time(s) 192 299 395 48 577 667 757 848 940 1034
lap(s) 192 107 096 093 089 090 090 091 092 094

speed(m/s) 520 935 1042 1081 11.13 11.17 1112 1099 1083 10.67

2009.6.271=F BN R 18 1034  11.13 55 31 |time(s) 193 298 394 487 577 667 7157 849 941 1034
lap(s) 193 105 096 093 090 090 090 092 092 093

speed(m/s) 518 9.49 1045 1079 1108 11.13 1104 1092 1083 10.79

2009.4.29 5/ =75 RI 22 1035 1125 65 41 |time(s) 198 305 402 494 58 674 763 852 942 1035
lap(s) 198 107 097 092 091 089 089 08 090 093

speed(m/s) 506 931 1032 1079 11.04 1123 1125 11.18 11.13 10.79

# 2. 2009 FE—X, B 100m IZBWTTIRy 7 THIELE vy~ 10 Oftsk, RKAE—K, Z0
HBLXH], AE— FERER, 10m Z&0Bmy AL, 7y 7445 RKEPEHAE—FR
s : , . BRRE= e g .
Bt J:%3 SYUF EE B BARE—F K EHE item 10 20 30 40 50 60 70 80 90 100
AR A
m/s s m/s m %

2009.9.23 FELIX, Allyson FI. -08 1122 10.23 55 66 ftime(s) 202 316 420 520 617 715 814 915 1017 11.22
lap(s) 202 114 104 100 097 098 099 101 102 105
speedm/s) 495 875 964 1004 1022 1023 1007 994 978 955
2009429188 FE FA 22 1123 10.12 45 75 |time(s) 199 311 414 514 613 712 811 912 1016 11.23
lap(s) 199 112 103 100 099 099 099 101 104 107
speedm/s) 503 891 968 1005 1012 1011 1003 989 963 9.36
2009.429 H#E HATF FA 22 1124 10.23 65 42 |time(s) 206 322 427 529 627 726 823 922 1022 1124
lap(s) 206 116 105 102 098 099 097 099 100 102
speed(m/s) 486 864 945 987 1013 1019 1023 1016 998 9.80

2009.4.293%0 HF RI 28 1131 10.14 45 53 ftime(s) 207 321 426 526 625 723 823 925 1027 1131
lap(s) 207 114 105 100 099 098 100 102 102 104
speedm/s) 484 872 957 996 1014 1013 1003 984 979 960

2009.6.28 F1H FR#& SF 10 1168 9.64 55 6 [time(s) 204 320 428 532 636 740 844 950 1058 1168
lap(s) 204 116 108 104 104 104 104 106 108 1.10

speedm/s) 491 858 930 958 964 964 956 947 928 906
2009.429FH HF R 34 1174 9.65 45 73 ftime(s) 204 320 427 531 634 739 845 953 1062 11.74
lap(s) 204 116 107 104 103 105 106 108 109 1.12

speed(m/s) 491 863 934 960 965 954 944 930 915 895

2009.6.28 =% £ SF 18 1175 9.69 45 82  [time(s) 208 324 431 535 638 742 846 953 1063 11.75
lap(s) 208 116 107 104 103 104 104 107 110 112

speed(m/s) 482 860 930 964 969 967 956 940 912 889

2009.6.28 ARG ATRE | SF 10 1176 963 45 66 ftime(s) 211 327 433 537 641 745 850 957 1065 11.76
lap(s) 211 116 106 104 104 104 105 107 108 1.11
speedm/s) 474 863 937 961 963 959 953 937 928 900

2009.6.27 th % i RI 30 1182 955 45 6.7  |time(s) 208 325 433 5338 643 748 853 960 1070 11.82
lap(s) 208 117 108 105 105 105 105 107 110 1.12

speedm/s) 481 854 923 952 955 954 950 934 913 891

2009.6.27 & A MR, R 21 1183 9.56 45 8  |time(s) 203 320 428 533 638 743 849 958 1069 11.83
lap(s) 203 117 108 105 105 105 106 109 111 114

speed(m/s) 492 853 926 952 956 955 939 918 900 879
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