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ABSTRACT

The purpose of this study was to evaluate the kinematic characteristics of 5" and 6" hurdle clearances during the final of the
110-m hurdles at the IAAF World Championships, Daegu 2011. To this end, the hurdling motions of the top 4 ranked male hurdlers
in the competition were analyzed. A total of 12 cameras were used to record their motions, with a sampling frequency of 120 Hz.
The cameras were calibrated using 11 * 2 x 1 m control objects that covered all of the lanes (Ist~8th lanes). After analyzing all the
data, we arrived at the following results. In the take-off phase, all athletes revealed similar take-off times (CT), and similar distances
from the take-off to hurdleto (L1) and hurdle to landing (L2). In particular, Turner, ranked 3rd, had an inconsistent L2 and may need
further training to correct it. In the flight phase, Richardson, ranked 1*, showed the longest flight distance, whereas Xiang, who was

ranked 2", showed the highest CG height from the hurdle. For the step patterns, to increase the pitch frequency, Richardson and
Xiang used shorter 3-step lengths than Turner and Oliver.
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Table 1. Subject Information

Rank Name Country

Age  Height Weigh
Reslt o)y ) ke

Jason
Richardson UsA
2 Liu Xiang CHN

Andrew

Turner GBR

4 David Oliver ~ USA

1316 26 1.90 73

1327 28 1.89 82

1344 31 1.82 77

1344 30 191 93

2. AY AR}

5th 51534 6th 315 73t 255H wls £437] ¢l
KWON3BD Motion Analysis Pagkage Version 3.1(Kwon, 2005)
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Figure 1. Camera setup position
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Figure 2. Control objects calibration method
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Figure 3. Hurdle clearance(Ryu, Yoe & Chang, 2007)
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(1) TFT(total flight time): A w3§A|ZH

(2) CI(duration of takeoff): &5 o] AA| & oF &7}
A 285w AR

(3) FT(duration of flight phase): ©]S<=7HHE AAEIHA
A FAZA 0] HIZE AR

(4) Hl(height of CG. in the excentric phase): ¥75 %]
Ak w31l AAFATA =0l

(5) H2(height of CG. in the concentric phase): %75 L]
olFsh= it AAFATH ol

(6) H3(height of C.G. above the hurdle): 35 9] i A4
o] AAFATAE Eol

(7) Hi(height of CG. at landing after the hurdle): 35<
G ZAR S0 AAEAZA Y =o]

(8) KSP(horizontal distance of CG. in the knee swing
phase) : W5 dk= o] HASIL o]Fdk= Ftol AAFA
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(9) Wi(horizontal distance of CG. in the takeoff phase) :
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(10) W2(horizontal distance of C.G. in the flight phase) :
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(11) W3(horizontal distance of C.G. and the point of
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(12) XO(horizontal distance of CG. in excentric phase from
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(13) Xl(horizontal distance of C.G. in concentric phase
from the hurdle) : d1SelXFE LFE Lo] olFse &1t
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(14) L1(distance of the takeoff point from the hurdle) : &
ST olFshs s EETHA A

(15) L2(distance of landing point from the hurdle) :
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Figure 4. Angles of takeoff leg at the touchdown and takeoff at the
takeoff phase and angle of landing leg at the touchdown at the
landing phase (Ryu, Yoe & Chang, 2007)
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Table 2. Kinematics parameters of takeoff phase

Richardson Xiang Turner Oliver M

Factors 5 6h Sth 6th Sth 6th  Sth 6th  Sth 6th

Time Factor(sec)

Duration of takeoff(CT) 012 012 012 012 010 012 012 012 011 012
Linear Distance Factors(m)
Distance of the takeoff point from the hurdle(L1) 242 244 220 225 191 192 197 197 213 215
Height of C.G. in the excentric event(H1) 14 104 107 107 108 108 108 108 1.07 107
Height of C.G. in the concentric event(H2) 18 118 121 121 121 121 121 121 120 120
Horizontal distance of C.G. in the knee swing phase(KSP) 103 098 105 102 08 104 130 120 107 106
}If;gf;‘;% distance of C.G. in the excentric event from 277 281 261 250 223 238 254 249 254 255
}}lllj’r‘;f:(‘;‘(all) distance of C.G. in the concentric event from 174 183 156 148 135 134 124 129 147 149
Horizontal distance of C.G. at the takeoff(W1) 068 061 064 077 05 058 073 068 065 066
Linear Velocity Factors(mys)
Horizontal velocity of C.G. in the excentric event 964 928 878 931 894 910 88 918 906 922
Vertical velocity of C.G. in the excentric event 061 042 040 055 092 068 051 021 061 047
Resultant velocity of C.G. in the excentric event of takeoff 967 929 879 933 899 913 88 918 908 923
Horizontal velocity of C.G. in the concentric event 853 846 88 831 868 867 858 88 867 858
Vertical velocity of C.G. in the concentric event 142 145 157 131 151 14 133 129 146 137
Resultant velocity of C.G. in the concentric event of takeoff 865 859 903 842 881 879 870 898 880 870
Knee swing velocity in the excentric event 1584 1538 1334 1610 1431 1437 1298 1455 14.12 15.10
Ankle swing velocity in the excentric event 1479 1490 1400 1453 1498 1521 1579 1467 1489 1483
Knee swing velocity in the concentric event 1023 1016 725 78 962 904 936 88 912 899
Ankle swing velocity in the concentric event 1672 1565 1660 1983 1653 1616 1693 1730 1670 1724
Angle Factors(’)
Angle of takeoff leg in the excentric event 696 702 724 796 766 67 615 672 7TL5 TL7
Angle of takeoff leg in the concentric event 579 94 591 532 62 612 549 579 585 579

Table 4. Kinematics parameters of landing phase

Richardson Xiang Turner Oliver M

Factors 5h 6th Sth  6h S5th 6th Sth 6h  5th 6th

Linear Distance Factors(m)

Distance of landing point from the hurdle(L2) 143 138 151 149 166 179 140 140 150 152
Height of C.G. at landing after the hurdle(H4) L18 133 126 137 120 136 126 131 123 134
Horizontal distance of C.G. and the point of landing(W3) 006 004 001 007 008 007 005 006 005 006
Linear Velocity Factors(mys)
Horizontal velocity of C.G. in the landing event 881 852 858 874 85 869 850 839 861 859
Vertical velocity of C.G. in the landing event -1 -121 -1.08 099 -121 -1.01 -091 086 -1.08 -1.02
Resultant velocity of C.G. in the landing event 88 860 865 879 864 875 85 84 868 865
Velocity of knee swing 1121 1098 11.65 1157 1017 1034 1198 1015 1125 10.76
Velocity of ankle swing 166 1626 1525 1511 1351 1378 1524 1564 1515 1520

Angle Factors()
Angle of landing leg in the excentric event 873 880 8.6 870 845 798 8.5 8.1 872 837
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Table 3. Kinematics parameters of flight phase

Xiang®] 739 T AFEHT 5¥% ethalEddlA 22t 0.30

m= AAFHo] A F& ARA HEFse S4S BA

11, David Oliver?] 7% 5& 027 mE HQl w0 6thdEs

2 024 mZ 6th3] A e AHZ 5T = ENS B
k.

EEELEEELERS

<Table 4>+ FA|5He| gt 2534 Q<o gk 545
VERH Aolot. ZAZHe] tigt 53 Eﬂ = ¥
By, s&3 ZWZV%H AZ(L2)]
mE Hol W] 6th315S 1.2 m 5h61%ol O #Ze A
& 2=, Andrew Tumer«]
Z+ 166 m$ 179 m2 & AFE r:}{
David Oliverd] 7%+ 5%} 6th<>1 o] Z}Z} 140 mE FHE
FHA AN A= 545 Btk AR £t AAFA Y
EO|(HYE HY, BE MgEo] AA] Al 5thelEHT ethdls
oﬂﬂi Axﬂz*‘ﬂ =2 A2 BYEd, 5thalSoHE 123 m
2 Al A ZAshe 545 Hel 9 6thal M=

134 mz 5tha|EXRT AAF4l0] & AAdA AA|He &
A& HS3, Liu Xiange T2 AFERT AAF40] w&
AA A ZAAehs §AS BATE A AHH CGY $9HA
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5h 6th 5th 6h Sth  6h  Sth é6th

Time Factor(sec.)

Duration of flight phase(FT) 033 03 033 032 033 033 03 032 03 033
Linear Distance Factors(m)

Horizontal distance of C.G. in the flight phase(W2) 311 317 306 29 319 306 25 260 29 293

Height of C.G. above the hurdle(H3) 026 026 030 030 029 029 027 024 028 027
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Table 5. Steps length between Sth and 6th hurdle

(unit: m)
Sep Subject  Richardson  Xiang  Tumer Oliver M
| siep lengh 143 12 153 157 151
2seplengh 209 201 207 206 206
3step lengh 177 181 190 205 188
Total lengh 529 534 550 568 545
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Figure 5. Top 4 rank athletes’ kinematic data of Sth and 6th hurdling. (From top to down: Richardson(Rank1), Xiang(Rank 2), Turner(Rank 3) and
Oliver(Rank4).
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