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ABSTRACT

The purpose of this study was to identify biomechanical characteristics of glide and delivery motion of In-Sung Hwang, player
who is a member of the national team among the finalists in the men’s shot put at the 2010 National Sports Festivals.
Three-Dimensional motion analysis using a system of 3 video cameras at a sampling frequency of 60 Hz was performed for this
study. During the glide and delivery phase the results showed following characteristics; 1) The glide type was suitable for the
short-long technique, but the trajectory of shot at the glide and delivery phase showed a different trajectory pattern with “S-shaped”
type of elite players due to many deviating from central axis of the APSS(athletic-plus shot system). 2) Left knee was more flexed
during failed trials compared to successful trials but COG was higher. Therefore, the player showed less stability of COG as he may
not get enough breaking force at the left foot. 3) Furthermore, it would be required to have strong muscle power at the trunk,
throwing arm, and the lower extremity in order to achieve maintain a low projection angle of the release.
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Figure 1. Setting of control object
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T AE N71E 242 BAEITHTable 1). system) 2 )33, 7 Bz} Ao AAFALS T )
Sk A2 A 4Xbody segment parameter)= Plagenhoef, Evans <}

(it M Abdelnour(1983)¢] A2E o835tk Felol= g} Deluz 2w

Table 1. Final trail record at the success and failure

It 2d  3d  4h S 6h o 258 29 ALY, £549, Iga AT,
HS 1805 183 188 x x - 715 8918 2] Z7Nrelease angle), 477127 |(trunk lean angle)
9} o7 3]7d Z}(shoulder line rotation angle), 12|31 F5Z}(knee
2. Ay A angle)= #4151tk
B ATl ARgE Ao £4 AH]E <Table 2>} 720 5. B4 2H
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Table 2. Experimental equipments A3l om, <Figure 2>} 7o) 5712] Event} 4712] PhaseZ A
Equipment Product Manufacturer Aate] EA319 T Young, 2009). SEHe]= =H-E E19|A4] E37}
Photograph Sony PD-150 Sony Ins. Ao, ] ZHL E3olA BS7IAE, H3-52HE3-FA) T
instrument  Control Object(3 mx3 mx2 m)  VISOL Ins. Yol EAELES)OE 27 FRae] BAHT:
Analysis Kwon3D Version 3.1 VISOL Ins.
instrument Matlab R2009a Matworks ins.
3. A9 A% Im 2 3

2 d7elM 291 Y AsE 20109 A=A S22 1. 2ot 29
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[e)
& STole T2 dEHy s BAs] 93l Sony <Table 3> Al7] ¥ Sgfolt FHgAM9 584 A8E
PD-150 BT 7lvE} 3U}E o] gsl] FdS EYsTh & W WA HoE JERd Zont.
gEAo] Hadh It HAEE A7) 98 <Figue 1>7 2o] = FHZRAol A QB8 o)A (take-offy7HA] 15N 9] AQAITHS
m, 20 3 m, Z 2 m9 BAAH 5 AXEUT, BT BH B 0421002 secS BPom, A7) ¥ I Ajo]e Holx|
Zholel G4 30 framessE FFsIP oM, MEIATEE 500  EUAANE 23 Al7]olA 038 secE ThA A AR BT
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El : Initation

E2 : Take-off
RFTD : Rear foot touchdown, FFTD: Front foot touchdwon
Glide phase(E1-E3) - P 1: E1-E2(pre-flight), P2 : E2-E3(flight), Delivery phase(E3-ES) - P3 : E3-EA(transition phase), P4 : E4-ES(release phase)

Figure 2. Definition of event

Table 3. Kinematic characteristics at the glide phase

E3 : RFID

E4 : FFID E5 : Release

Ist 2nd 3rd 4th 5th
18.05 m 1833 m 18.66 m X X MSD
Executive time at P1(sec) 043 0.38 043 043 043 0.4240.02
Executive time at P2(sec) 0.15 0.13 0.13 0.15 0.15 0.14+0.01
Glide length from take-off to RFTD(m) 0.84 0.70 0.75 0.80 0.74 0.77+0.05
Vertical displacement of ball(m) 033 0.33 031 032 031 0.32+0.01
Vertical height of ball(m) El 0.88 0.89 0.88 0.87 0.88 0.88+0.01
E2 111 1.13 1.10 1.11 1.10 1.11£0.01
E3 121 1.22 1.19 1.19 1.19 1.20£0.01
Maximum horizontal velocity of COG(mys) 2.80 2.67 2.77 245 2.57 2.6510.14
Maximum vertical velocity of COG(mys) 1.10 1.12 1.16 111 1.07 1.11+0.03
Knee angle of RL(°) El 105.8 112.0 1187 97.6 9.1 106.6+8.85
E2 1484 1529 1542 143.1 1469 149.1+4.52
E3 1004 109.3 1023 1003 109.0 104.3+4.54
Trunk leam angle(®) El -69.3 -65.4 -63.6 -65.9 -70.1 -67.942.09
E2 53.1 537 520 -53.8 538 -53.340.79
E3 -38.1 -43.1 -46.4 433 472 -43.6+3.61
Shoulder line rotation(°) El -134 -17.6 -12.1 -133 -135 -14.0+2.09
E2 30 44 32 22 30 3.2+0.79
E3 18.9 16.6 17.1 16.8 14.7 16.8+1.50

RL : rear leg(right leg), FL : front leg(left leg)

Q21 o]X|(take-off) ol 4] 22 A FIHRFID)/HA, 257
HellAe] ZEfe]= AIZES B 0.1440.01 sec® 23+ Al7]9} 3
2 A710A 22 013 secS 2O A3} 2 13} Al7|9 Ao
A719] 91o1A 015 secE Tha 71 Fgholt AZRS BTk 1
2y Zefo|= dojof QlojAME Ht 0.77+0.05 mZE FHIL 7|5
Q32 AI719) 3t 7] 2o AE 075 me] ZolE Ho|HA 7]
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71004 71 22 W9l s Byt

E39 Bvent ¥ 2 XS AFRA ZHRA El1S HE
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371 54 Btk S8l FHddA AAFA Al &
AL B 26540.14 misS B, H1
71821 321 A7]ell QQoIME 2.77 mjsZ Auf ARt thA
BEEE BT FAESE QolAE B 1112003 msE 7
A AZIE 2 2bols BolA] kAL a1 71811 32k Al7]e|
AE 116 mise] F1 £ By

Felol= FroMe] =91 AuEm, FHaM &
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¥ o] FHE BHth
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2AAFA] o5t E EA4S BATh AAFAL] 43

A A7) E
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< EA4e Btk Y= e FAEEE B 14} 23) O
23l 52k A7) E - SR EEE Bl A g, 34

N718} 421 A7) ME ZH2E 046 mis2t 044 mysE 9 2]
s B “fé_ﬂlz THA ZA=e
LEF FEARDY B DBz
H Zd_iﬂ Alﬂ%i \%% ﬁd A5 RYARL e
H AA7-E Btk
]Mm Ak} z} A71 QM 151.7°9) 163.8°2
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Table 4. Kinematic characteristics at the transition phase of the delivery

Ist 2nd 3rd 4th 5th
18.05 m 1833 m 18.66 m X X MeSD
Executive time at P3(sec) 0.12 0.12 0.10 0.12 0.12 0.12+0.01
Step length from RFID to FFTD(m) 1.16 1.21 L.19 1.19 121 1.1940.02
Vertical height of ball(m) E3 1.21 1.22 1.19 1.19 1.19 1.20+0.01
E4 131 1.34 1.25 1.24 1.25 1.28+0.4
Maximum horizontal velocity of COG(mys) 278 259 228 2.69 2.58 2.58+0.19
Knee angle of RL(°) E3 1004 1093 1023 100.3 109.0 104.314.54
E4 120.0 1358 1165 109.7 1278 122.0£10.12
Trunk leam angle(®) E3 -38.1 43.1 -46.4 433 472 -43.613.61
E4 312 254 267 276 -30.1 2824241
Shoulder line rotation(°) E3 189 16.6 17.1 168 147 16.8+1.50
E4 50.0 59.7 37.6 4.7 387 46.149.05
RL : rear leg(right leg)
Table 5. Kinematic characteristics at the release phase of the delivery
Ist 2nd 3rd 4th 5th
18.05 m 1833 m 18.66 m X X MzSD
Executive time at P4(sec) 023 023 025 027 027 0.25+0.02
Horizontal position of COG(m) E4 1.37 1.39 1.33 1.39 137 1.37£0.02
ES 1.62 1.64 1.65 1.72 1.69 1.66+0.04
Horizontal displacement of COG(m) 025 025 032 033 032 0.29+0.04
Vertical position of COG(m) E4 097 0.99 0.94 0.94 094 0.96+0.02
ES 1.14 1.14 1.14 117 118 1.1520.02
Vertical displacement of COG(m) 0.17 0.15 020 023 024 0.20+0.04
Horizontal velocity of COG(nys) E4 2.15 1.63 227 2.30 225 2.1240.28
ES 1.48 1.28 1.84 1.35 1.93 1.58+0.29
Vertical velocity of COG(mys) E4 0.75 0.88 0.55 0.75 0.72 0.73+0.12
E5 -0.05 -0.10 046 044 -0.09 0.13+0.29
Knee angle of RL(°) E4 120.0 1358 1165 109.7 1278 122.0+10.12
ES 131.1 1332 1336 151.7 163.8 138.7£20.11
Knee angle of FL(°) E4 1187 146.8 1343 136.8 1278 13694691
ES5 168.0 1747 170.6 167.3 163.8 168.914.06
Trunk leam angle(°) E4 312 254 26.7 216 -30.1 2824241
ES 14.5 35 79 07 27 5.6+5.84
Shoulder line rotation(°) E4 50.0 59.7 37.6 4.7 387 46.119.05
E5 2198 2257 2237 2278 2138 222.245.54
Projection height of release(m) 222 2.19 222 232 223 2.24+0.05
Projection velocity of release(my/s) 12.84 12.06 1324 1328 12.66 12.7410.64
Projection angle of release(®) 30.5 34.8 327 324 332 32.71.57

RL : rear leg(right leg), FL : front leg(left leg)
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Figure 3. Change of resultant velocity
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53] Bosen(1985)°l oJatH, SefolE 7]ed AMEshe A
S8 w2 2] FFoF AEE A sk AAFA B45E
2 asslal, deHe] 5208 oUAE HAEd £ g B4
< 7K QAL H9FAFEY A A= et 1275
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Figure 4. Shot trajectories type in X-Y plane
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Figure 5. Shot trajectories in the X-Y plane
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