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ABSTRACT

The purpose of this study was to perform the kinematic analyses of the women’s pole vault skills in IJAAF World Championships
Daegu 2011. Subjects were the 1st through 8th place finishers in the pole vault. The kinematic analyses were divided into four phases:
two dimensional run up analysis, and three dimensional analyses for the remaining plant, swing up, and extension phases. Run-up
variables consisted of run up distance, number of steps, average step length, ratio of step length to height, average velocity at the final
5~10 m, approach position. Three variables were analyzed during plant: pole angle, center of gravity (COG) velocity, and COG takeoff
angle. Swing up phase variables included: pole flection angle, COG velocity (horizontal, vertical, resultant), COG trajectory and bar
approach angle of COG. Compared to the 2009 World Championships in Berlin, the average vault height increased, while run up
velocity and approach position were almost unchanged. However, horizontal velocity during the last two steps of the final approach
decreased noticeably compared to speeds from 1990. These results reflect the change in both technique and physical fitness in pole
vaulters. During extension, the peak height of COG surpassed the clearance height by an average of 0.11m. These specific results can
help coaches and athletes modify training and improve performance.

Keywords. Women’s pole vaulting, Run-up analysis, Plant, Swing-up
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Table 1. Characteristics of subjects

Athlete Rank height Age Record
(m) (year) (m)
M(g&;ﬁ 1 172 30 485
Sturutz M. (GER) 2 1.60 30 480
Feoéa;lgg’;l S. 3 1.63 31 475
%JﬂgA;- 4 183 29 470
s(lgéB 3)( 5 161 2% 470
Isin(\{;i[e]\ée; E 6 1.74 29 4.65
Ptac(nicl;]);;a J. 7 174 25 4.65
Kirialz(()}pé)%ou N. 8 167 25 4.65
Mean + SD Q'g?)g f}?s j&%)s
2 5% T2
AiEol®7] 71e AL WA 716S 4 EE AR T

ofr

1] (Frere 5, 2010; Petrov, 2004) AAEH 4 BA FES
T, oA, A Re]7] @A, Ad 7] 2= b
e AoEA 7P Bol ARSEE WHolth mpAet o] %
A(touch down; TD 1) £3hs 71H 02 1 o] 19|, =F
(run up) BAE} k. wRAlE We] A & AE F ukiol
Ail(pole plant; PP), AHAA o] F(take-off, TO 1)=& &1t
7S 28, olF @AlEL st oloid Bzt Az 5

BN Az
r

A& <7Hmax. pole bend; MPB)7HAIE 38+, A T-3-2]7]
e} gk 2Eal FUE SA Hil(pole straight; PS), T
€ F3(pole release; PR), AAFA4lo] 113 (peak height; PH)
o] o]2H, HlZ di(bar clearance) T+ 49, o 7]
e} $Hi<Figure 1>.
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Figure 1. Four phases of pole vault (Frere, 2010)

3. 7€

(2 WA A 25, 29 4, R RE Y A
i s

M2ERE 510 m 770 Wi S

=
A PRE) 8 ) e A 23 2, AAFR
VSEEFY, 5, ), wh A

O /71

4, A7 Uy

2011 o7 AASAFAS]) oAb Aozl 7] A7)
At BE 533 W)Y o4, 24 4718 5 e v est
mets AMg-ste] Z4dsislth

JA7A7)E 20113 82 28Y A, B F IEOE LHo] 1Y
Hom, A7) 3 GR= Wkth diXd iRk 7Rl 1AAF
AR 2011d 8€ 71F) F 10 A47H 7 ¥ 2%, BT A
Mol &5t A4 X& 71%7|5(qualification height)2 4.60
mzA] 2008 Hlo] AP} 2009 WS AASAAFAYN I
9] 460 m¥} UL} B} Eole 410 molA ARt 425,
440, 450, 455, 460 m= F7HA 12 o] AWl ZZE3}Th.
Hol ALY M= 400 molM AlFER Hle] oS 415,
430, 440, 450, 460 mZ Z7PZoH, wSHHI M=
410, 425, 440, 450, 455 m& Z7HAA 12 o] Ao A=
a9k vhe) A Eole Mol 400 m)E} 10 en EA), WIS
(410 m)# LA AFEoH, HolALHIAME 450
molA  AFFEAE JREReH, wEAYSdAE K
Gadschiew(4.50m)E A|<J3} 455 m2 AeHEAP}T 245
AL, T3 455 molA AsNEA} 7F AT

AM77)E 20119 8¢ 304, & 2Eel A A B
uhS AMgSle] Ry AAA 7o) 7k 12 A A7)
£ EF 5 tY H"erHEE AREte #9eidia ol F
HE 8 WO HwE 4T A7 G} ARE AT

vt TR A7l %S FA GrE
A3k Bt 27M 2} 2 tl(cam 1, 2)& FF73F
HHEE o] WA Eslet] ARSI, 2
49 vt o= 2 /1] A71F A, B WA s A4 A
Holl A #gshkedl ARSI WAl 1 ticam 5)= A9
AA 23 715 Fh0 E8315it<Figure 2>,

Z7IAZE F 4 Az Aol FAIF E<Figure 3> AlA|Eo]

1y
-

A€ 3D DLT S Folol 2as900, BI&=E 60 Hy
2 sk

Figure 2. The layout of cam 1~5

e

[ =

m e
=1 5m 5m 5m 5m 5m 5m
e
s 3m st

Figure 3. The layout of control objects for DLT calibration
5 A= A

24 737143, 39l 8 B HAE AT A7) FAEE o
7462 Kwon3D 3.0 ZZ13(Kwon, 2002)S ©]-&sto] 324
FHE S Ak UAEolAS ol 82 AR E(raw data)
= Butterworth A% 53} TAE JE|(low-pass digital filter)
2 AHESt]  HP(smoothing) 8},  ATFuE(cut-off
frequency)= 6 HzZ 2433t 18] A=d #4890
71& TAE AREste] AEstdlth



564 Kyoo-Jeong Choi - Kyung-Ok Yi - Nam-Hee Kim - Ji-Eun Kang -
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of Aol dish AN o, A EeIek w7 dAle
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Table 2. Competition results in relation to season’s best 2011 (before
the World Championships)

Rank SB 2011 PB Record Difference
(1) (m) (Dacgu) (%)
1 4.71 4.85 4.85 +3.0
2 4.78 4.80 4.80 +04
3 4.71 4.85 4.75 +0.8
4 491 492 4.70 4.3
5 4.66 475 4.70 +0.9
6 476 5.06 4.65 23
7 4.60 4.66 4.65 +1.1
8 471 471 4.65 -1.3
1 2794

Adizols7] AA 2579 T84S FLHOE UolH]
ate] F 2FAY, 28 F, B BE g BE] A% o
3t H]E-8 5l t<Table 3>.
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Table 3. Athlete’s height, total run-up distance, number of run-up steps,
average step length and the ratio to her height

Average
Rk B e Sgv S R
(m) (step) s
1 172 33.19 18 1.84 107.0
2 1.60 3042 16(SS)* 179 1119
3 1.63 29.54 16 1.85 1135
4 1.83 3227 18 1.79 97.8
5 1.61 2822 14 202 1255
6 1.74 3129 16 1.96 112.6
7 1.74 2022 16 1.83 1052
8 1.67 30.20 16 1.89 1132
M 1.69 305 1625 1.87 1108
+SD £ 008 t1.64 + 128 + 1.08 + 800

* additional 1 short step for preparation first step

FolAE 194 m(AF diF] 1149 %2 2% %—7}3}9}@ 712
3 FHERO| A 1.92 m(AF tiEl 1133 %)2 oRE 743l
u}. %11 HEd olMe 5 @55 mPe Ur ol o+
$<57101 BEbd F. Murer A<5(4.85 m)2] 28 BE
< AAst S t<Figure 4>.
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Table 4: Average step length for the section of 12 - 9 step, 8 - 5

step and 4 - 1 step (it : m)
Average step length ( * )
Rank  Height " 1,0" 09 Llat8-5  Last4-1
step step step
1.89 194 195
Lm (1099) (1128) (1134)
1.87 77 175
2 160 (1169) (1106) (1004)
191 1.80 193
3 163 (1172) (110.4) (1184)
191 197 191
4 18 (104.4) (107.7) (104.4)
207 211 201
5 14l (1286) (13L1) (1248)
208 209 1.94
6 LM (1195) (120.1) (1115)
182 195 191
T Lk (1046) (12.1) (100.8)
191 1.94 192
8 167 (1144) 1 (1144) (1150)
M 16 193009 194012 192 + 007
£SD  +008 (1144 +812) (1149 749 (1133 £ 622)

( * ) represents the ratio of step length to her height
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Figure 5. Stick figure and photo of Murer F. (BRA)

Table 5. Jumping height, run-up velocity VA in section 10-5m, number of run-up steps and take-off position AP

IAAF WCh Berlin 2009

IAAF WCh Daegu 2011

Records  # of Steps

VA

AP

Records  # of Steps VA * AP **

Atblete m ) @y Attlete M Gy m
Rogowska, A. (POL) 475 16 8.68 345 | MuerE (BRA) 485 18 827 404
Johnson, C. (USA) 465 16 832 335 | Swuz M (GER) 480 1659 823 410
Pyck M (POL) 465 16 79 375 | Feofmova S. RUS) 475 16 8.30 340
Spicgelburg, S. (GER) 465 16 833 380 Sulir J. (USA) 470 18 830 3.54
Murr, E (BRA) 455 16 8.26 385 Silva Y. (CUB) 470 14 8.15 3.69
Demnison, K. (GBR) 455 14 824 340 | Iimvaeva E RUS) 465 16 827 346
Polnova, T. RUS) 440 17 768 380 | Pacnikova J. (CZB) 465 16 820 339
Batke, A (GER) 440 16 8.43 355 Kiﬁal?‘épgg"“ N. 465 16 813 335
M 458 159 823 362 M 47 163 823 362

+ D £013 08 031 +020 + SD £008  £130  £007  +030

* the velocity has analyzed in the run-up section between 10 - 5Sm from the cut-in box
** AP has analyzed the distance between cut-in box and the last heel strike

w#k additional 1 short step for preparation first step
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]3] 954131 F. Murer(BRA)2] ToF A4 (4.04 m)2 W Ed)
3] wje] 385 moll HI3| 2F 19 cm So{WiTh

2. =9 &

2% T vhI% B2 AAT O3 FhE E 2o B
2(PP) o, ek At ol PP At BEHE ot
%TTable 6>. PP Zt=+ <F 24° - 31° HYH o™, Hif 27.8°
£ B3tk
Table 6. The angle of pole at pole plant (degree)

1 2 3 4 5 6 7 8 M=SD

R
ZYw 274 237 257 294 285 285 291 298 278+ 2.1

EOF A9 25 £5E 2=t v W] AX|(TD
) Atele] QIAIFAS FHEEE T
1, 1 AT S AlLkste] AAEst<Table 7>, TD 2 -
1 m/s skl A Bls) 2F7F
&7 Wals v a1
= Jgﬁ 066 m/s ZAa3dlod vixe} 1 -
T e age] Folse AY: A
EoTRIAM A FHEER ek BEste] Gros &
Kunkel(1990)9} Angulo-Kinzler %5(1994), McGinnis(1987)%=

Table 7. The difference of velocity

)
Velocity Difference
fank R R w-e o0
1 8.24 841 747 -0.17 0.94
2 8.24 8.20 7.90 0.04 0.30
3 8.21 8.39 6.91 -0.18 1.48
4 8.33 8.02 6.57 031 145
5 8.28 7.82 6.79 0.46 1.03
6 8.50 8.05 729 045 0.76
7 8.35 7.82 7.79 0.53 0.03
8 8.00 6.14 6.82 1.86 -0.68
M 8.27 7.86 7.19 041 0.66
+ SD £ 014 073 + 049 + 0.65 + 0.74

o] oF2kt viA|E} o] 2] A(ID 1), o 614 olF
F7HTO 1) oF 15°2 2715

Linthorne S(2005)& ol% Tl thgk 4314 < A5
T @o] G AUIE AL8E 9 olF WAl o]FLE(e]
5 A7 AAFA FHED 2o, SN 057wt
21T AT 2T o] mde Ealo] o] &4 7
% WO, AF0] S5, Al } Yugsg o] 4

A o]

Zi

3, o|F4=r}t Aule} HaS o]EFF oyA] Aol Aol
St &S o]F FHolA] HA l e FAAE 188
FAAL o] S EUE B dApdy et 15°&

Linthome 5(2005)] AN & o349l =R g AL gt
4L & 5 9ol

Table 8. The angle of take-off on COG

(degree)

Rank event 1 (TD 1) event 2 (TO 1)
1 5.10 14.07
2 6.76 12.06
3 6.76 17.18
4 483 13.06
5 731 18.76
6 6.47 13.00
7 6.25 18.93
8 483 1632

M + SD 6.04 + 098 1542 + 272

3 A 7327 R #7] &4

AizelH7] 71ee] 494 FRddXe Ao 719

71E 247 dAR o] ARedAN 7 R Al A
A FAH WY TS BF EFehs FOEA, o)F &
e A= 7R 97, Al ez, AAFA H 9A
(PH) o] BA e ;qq_‘—_ Ecﬂ- 0:16124 o]]l;]x] W3k y,].;ﬂo] Il
YAE ddy7] o] 2 AT shte] HPeg B4
Epi=s

A7t A2 FRYAE SHeME 3) Foe 23 4%
E B <Table 9>oA HE ups} o] oF 100° Gk 69
g olslutd|ul(sinvayeva) A9 95°¢] ghe HYOZH

H
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Table 9. The angle of pole bended (degree)
Rank Event 3 Event 4 Event 5 Event 6
1 95.5 170.7 1729 1748
2 ¢85 165.2 165.2 165.0
3 105.2 169.5 1721 170.1
4 96.7 176.4 1762 174.0
5 107.1 168.7 172.6 1720
6 95.1 171.1 170.7 171.0
7 103.0 166.7 173.8 173.7
8 108.3 1689 176.9 177.0
M 101.18 169.7 1725 1722
S +54 t34 t 36 t 36

Cl ﬂaﬂ% F RS Qi AT

Al 5547 %J} °1xlo}u4 MIB Rl 447} 2%
o o)A AU A sk s, MPB ol A0
2 ofslof gk stk

B ATNNE 2 9l(Didenkow A)E AT A5 BT
W %Taw AHEIRE 3ol 5847t 4
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G B AFE 9 2 9 A2 debgeh TRl3 £A%
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b1or

S FHEE Aole] 13 e Rolg nel A
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Table 10. Horizontal & vertical velocity of COG

T4 A2 A

(mfs)
Event 6

Event 3 Event 4 Event 5

H \Y H \% H \% H \Y

1 261 174 138 372 101 021 104 102
2 250 252 154 438 159 154 132 0l11
3 260 231 153 347 119 040 123 -026
4 295 168 145 308 123 047 125 034
5 274 253 153 38 116 08 130 024

6 276 220 187 38 163 099 162 005

7 23 219 119 312 141 018 139 029

8 249 235 126 352 124 018 120 034
M 263 219 147 362 131 060 129 027

+ + + + + + + + +
SD 019 032 021 042 022 048 017 036

H : Horizontal Velocity, V : Vertical Velocity
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L HEE 7] Sfal SIAIFA S A7 HS) A (CTHIE. 6)0l
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39 3 o] A5¢} 6 9] Isinvayeva A5e] FHEE W)
BlE <Figure 6>l A|A5}FTh.
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Figure 6. The horizontal velocity of COG after MPB for 1, 2, 3, 6
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Figure 7. The vertical velocity of COG after MPB for 1, 2, 3, 6
rankers
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Table 11. The height of COG (m)

Rank Event 3 Event 4 Event 5 Event 6

1 2.15 4.07 493 498

2 2.06 373 477 4.89

3 224 3.85 471 472

4 1.93 4.05 475 4.79

5 223 391 478 483

6 2.10 3.96 492 4.99

7 2.30 4.00 4.63 4.64

8 2.11 3.78 4.68 4.68
Mt SD 2144012 3.9240.12 4.77+0.11 4.82+0.13

Table 12. The height of COG at event 6 (peak height) & their
records in Daegu (m)

1 2 3 4 5 6 7 8  M=SD

PH 498 489 472 479 483 499 464 4.68 4.8210.13

485 480 475 470 470 465 465 4.65 4721008
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