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ABSTRACT

With progress of times, Taekwondo has a so been rapidly devel oping, and
becomeformal eventin Olympic Games. In order tofind out Chinese athletes’
shortcomings and defects, the paper analyzes mechanical relations and
dynamical relations when athletes make roundhouse kicking; it gets
athletes’ potential energy generated when they make roundhouse kicking.
And analyzes athletes data, it gets that when athletes make roundhouse
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kicking, their hip joint, kneejoint and anklejoint kinematic features. Finally
it getsthat when athl etes make roundhouse kicking, in casethat quadriceps
femoris and hamstrings fully contraction, they should try to reduce hip
abduction angle and hip inflection angle as much as possible, shorten
each phase completion time, improve motions’ speed and motions surprise,
so that arrives at anticipative effects and let own party get advantage.
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INTRODUCTION

Taekwondo originated from Korean peninsula
abovetwo thousand years ago, in thebeginning it ap-
peared in ancient K orean peoplewild animal sdefend-
ing and hunting, subsequently it had gradudly formed a
kind of self-defense attack and defense combat tech-
niquewith routines. In Korean ancient threekingdoms
period, dueto threekingdoms mutual invading gener-
ated Goguryeo, Silla, Paekchethethreekingdomsduring
mutual contending, each country military skillshad been
rapidly developed, neither military officers’ examina
tion nor folk mutua exchanging, al became prototype
of subsequent taekwondo. After 1955, South Korea
formally named previousK orean peninsulaandforeign
introduced military skillsintegrated self-defenseart as

“Taekwondo”. In 1966, the first international
taekwondo organization international taekwondo fed-
eration wasfounded in South Korea. In1995, China
formally founded taekwondo association. Fromthenon,
taekwondo hasbeen rapidly developingin China
Taekwondoisacombatingway withfistsand feet,
fromwhich leg technique moves occupy 70% of total
moves, thereupon, taekwondo is a combating way
major inlegtechniques. Thereason isthat athletesleg
attacking rangeislarger with full force, whileby com-
paring, fissattacking strengthiswesker, rangeissmdler,
whichlet athletesin taekwondo competition, mainly at-
tack with leg techniquewnhilesupplement with fiststech-
nique, fistsmovesaremajor in parry and defending
opponents. Intraining, tackwondo highlight sounding,
resonant and with deterrent roar can impose pressure
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to opponents. And research shows that human body
muscle, when workswithout burden, 10% muscle by
body sounding can speed up its 9% contraction speed;
whenworkswith burden, therisingismoreremarkable
that improves around 14% contraction speed, there-
forewhen competition athleteswill mutud |et out ashout.
In motions technique, tackwondo more focus on
strength and speed promoting, taekwondo all motions
and techniquesare mgjor in attack and defense com-
bating, whichis particular about fiercely power, fast
speed, obvious striking effects and so on. Taekwondo
isalegtechniquethat subduingunyiddingwithunyie d-
ing, so athletesin competitionsare mostly direct strok-
ing direct fighting, andwith coherent | eg techniqueshblock
skillstofight against opponents, itsbasic techniques
typesaretechnica type, freeof hand type, strength type,
attack type and counter attack type. Its pomade di-
videsintolotsof kinds, basicdly have Coreg, King Kong
and Tai Ji so on. Taekwondo common basic motions
havefront kick, sidekick, back kick, roundhousekick,
hook kick, downward kick, and reversekick, pushkick,
jumpkick, doublekick, doubleturningkick and so on.
The paper makes research on relative faster, precise
roundhouse kick method from them.

MODEL ESTABLISHMENT AND SOLUTION

Roundhousekickstechnical analysis

Legtechniqueof roundhousekick, first peda right
foot to shift gravity center to left foot, two hands make
afistand putin thefront of chest, right foot takes hip
joint asaxis, bend kneesand liftsup; left foot solemakes
agrinding rotation, hipjoint rotates|eft, left kneeinner
buckles; inthefollowing, |eft foot continuesto inner
rotate 180°, right leg kneejoint liftsto horizonta pos-
tion, and fast kicks shank out towardsfront of |ft; after
hitting, fast return shank, finally athlete places actual
combat postures. Figures 1, Figure 2 areroundhouse
kick leg techniques demongtrativegraphs

Roundhousekick leg techniquedynamical analy-
Sis

Duetowhen athlete makesroundhousekicking, he
should twist hipjoint, let hipjoint driveright legkick
out inthefront of left side, right shank kicksout for-

- far B -
Figurel: Roundhousekick leg techniquesfront schematic
diagram

Figure2: Roundhousekick legtechniquespr ofile schematic
diagram
ward withkneejoint asaxis, and finaly itisin stretch
tight state. Intheprocess, it can smplify thigh and shank
intotworigid bodiessurrounding fixed axisrotating prob-
lems, asFigure 3 shows.

Driven by hipjoint, thigh inrotation processwill

producearesultant moment M, , formulaisasfollow-
ing
My =100

Informulal , isright thighrotationd inertia, g, is

Figure3: Right legrotation profile
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right thigh angular accel erated speed. Regardright leg
asacylinder rigid body, thenitsrotationa inertia |, is:
L
2
Amongthem, m, isrightthighmass, r, isright thigh
radius, angular accelerated speed g, is.

_dw, d%e,

Bl - dt = dt 2
Right shank, during rotation, except for itsalf would
generate angular accel erated speed, it will haveainitia

angular speed 43, , thereforeright shank angular speed
B,is

_dw, dw, d®0, d%6,

Po="0t Yot Ta T a
Egtablishrightleginto surrounding hipjoint and knee

joint tworigid bodies’ two freedom degree models, as

Figure4 show.
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Figure4: Human body right legrigid body freedom degr ee
modd

After that, make use of Lagrange equation write
out right leg restrai ned particle dynamica equation; de-
fine | asrightleg Lagrangefunction’ssystem kinetic
energy K andpositionenergy p difference:
L=K-P

Right leg Lagrangedynamica equationis:

Amongthem, (‘% isparticle corresponding speed,

g, isparticleposition energy and system kineticenergy

coordinate, F, representsright legthe j coordinate

particleactingforcesizes, thigh and body axisincluded
angleaswedll asshank and axisincluded anglearere-
spectively 6,, 6, , thigh and shank length arerespectively
1,1, , distance between thigh mass center and hipjoint
is p,, distance between shank and kneejoint isp,,
therefore, it can solve thigh mass center coordinate
(X,.Y,) as:
X, =p,sSnB; Y;=p,;cos6,;
X,=1,8n0, +p,sin(0,+6,)
Y2 = —l 1 00891 _p2 005(91 + 92)
Similarly, it can a so sol ve shank mass center coor-
dinate(X,,Y, ). System potential energy E,, and sys-

temkineticenergy E, expressionis:

. 1 .
Ex =Ex1+Ex2.Eia =Em1pfef

1 . 1 . . \2
Exz =Em2|fef +§m2p§(el "'92)
J4+m,l zpz(é(z)1 +9192)00592
1
E, =Ep+Ep,Epg =Emlgpl(1—cosel)

Epz=m ,0p,[1—cos(8; +8, )]+ m gl 1(1— cosel)

Convert aboveformulainto Lagrangefunction ex-
pression, it can get hipjoint and kneejointin Lagrange

system dynamical equationtorque M, and M as:
[M h]=[Dll DlZI?ljl +[D111 D12 éf
My Dy D)0, [Dan Do) 63
+[D112 D121] 916.2 +[Dl]
Doz D2 ][ 0,0, D,

Intorque, Dy, isexpressed as:

Dy1=0 Dyyp=0 Dypy =0 Dy =mypj

Dy; = MypZ +m,p3+m,l2 +2m,l,p, cose,
Dl:(m1p1+mzll)gsinel+m2ngsin(el+62)

Dip =Myp5+Mylyp,c0s0, Dy = Myp3+mylyp,coso,

Diy =—Myl1p,sind,  Dyyy =mylyp,sinG,

Dijp ==2M,l1p,Sin0; Dyyy =Dy + Doy Dzzmzngsin(91+82)
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ATHLETES ROUNDHOUSE KICK DATA
ANALYSIS

In order to further find out Chinesetaekwondo ath-
letes’ defect and shortcomings, the paper adopts DV
photogrammetry, records athletes roundhouse kick
wholeprocess, put theminto threedimensiond coordi-
nates, andyzesathletes’ roundhousekick motion from
the perspective of three dimensional space, extracts
athletes head, shoulder, hand, elbow, hip and kneeas
well asother jointsthree dimensional coordinatesin
image, after smoothing and through tatisticsand analy-
gS’s, it getsathl etes datawhen making roundhousekick.

Hip joint movement featur eswhen making round-
housekick

When athletesmake roundhousekick, inkneelift-
ing phase, they compl ete hip bending motion by iliop-
soas, rectusfemoris, tensor fasciaelatae and Sartorius
aswell asother muscle group contraction. Inthefol-
lowing, let trunk lean | eft and contract right hip gluteus
mediums, gluteus minimumsand other musclesto let
right thighinner rotate. Finally, during shank flick phase,
under hipjoint surrounding musclegroup common act-
ing, let thigh keep below goe flexion. TABLE 1is
athlete’s hip joint movement features when making
roundhousekick.

From TABLE 1, it isclear that when anklejoint
speed arrivesat maximum, hip joint abduction angle
and hipflexion anglearein negative correlation with
anklejoint maximum speedthat p, = -0.53, p, = -0.56,

p < 0.005. Therefore offensive leg during whipping
phase, itsabduction angleisso big that it will affect
anklejoint forward extenson speed. If hipflexionangle
istoo big, thenit will increasethigh swinging range, fur-
ther increase movement time, and influenceanklejoint
maximum speed. That shows when athletes make
roundhousekick, if hipjoint abductionangleand hip
flexion anglearetoo big, itisharmful for anklejoint
achievingmaximumspeed. Howeve, if hipflexionangle

istoosmdl, itwill causeinsufficient quadricepsfemoris
initiativecontraction andinsufficient hamstringspassve
contraction, whichwill dso affect anklejoint maximum
speed. Therefore, when athletes make roundhousekick,
in casethat quadricepsfemorisand hamstrings can suf-
ficient contract, try to reduce hip abduction angleand
hip flexion angleasmuch as possible so that arrive at
anklejoint maximum speed.

K neejoint movement featur eswhen makinground-
housekick

Inthewhol e processof roundhousekick, offensive
leg’skneejoint experiencesmovement processasfirsly
flexionthen extensonand at last returnto flexion. After
anklejoint arriving at maximum sped, dueto inertia,
kneejoint continuesto extend, but different from tradi-
tiona roundhouse technique shank finally should
straightly kick such situation, kneejoint never keeps
straight in taekwondo roundhousekick process.

When taekwondo athletes make roundhousekick,
kneejoint completes contraction mainly by semitendi-
nosus, bicepsfemorisand semimembranosusaswell
asother musclegroup acting, thenlet it extend by quad-
riceps femoris, so that complete whipping motion.
TABLE 2isathletes’ kneejoint movement features
when making roundhousekick.

FromTABLE 2, itisdear that athletesduring round-
house kick moment kneelifting phase, in order tore-
ducekneelifting rotational inertia, and provide better
exerting forcecondition for whipping phase, kneejoint
should makefast flexion. TABLE 2 showsthét athletes
gppeared maximumflexion angular ypead timeisinnega
tive correlation with anklejoint maximum speed that
p=-061p<0.05.And roundhouse kick comple-
tiontimeisasoin negative correlationwith anklejoint
maximum speed, which dso showsthat athletesshould
shorten whole process compl etion time by shorten ev-
ery phase spending time so asto achievethe purpose
of increasing speed. Besides, it dso can know that knee

TABLE 1: Athleteroundhousekicking moment hip joint movement features(n = 13)

Hip flexion maximum angular speed

When anklejoint at maximum speed

Angular speed(°/s) Time(s) Hip abduction angle® Hip flexion angle®
Average value 596.45 0.065 52.94 50.11
Standard deviation 87.70 0.024 17.44 9.17
Correlation coefficient 0.37 -0.63 -0.54 -0.56
ﬂ'ogecétzo/og C—
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TABLE 2: Athleter oundhousekicking moment kneejoint movement features(n = 13)

Maximum Maximum flexion Maximum extension Maximum Anklejoint
flexion angle angular speed angular speed speed maximum speed
Angle Time Angular Time Angular Time  Speed Time Knee Kneejoint
© (s) Speed (°/s) ()] Speed (°/s) (9 (m/s) (9 joint angle (°) angular speed (°/s)
Average value 68.10 0.068  783.60 0.19 1631.5 -0.009 888 0.094 112.35 1463
Standard deviation 818 0.012 188.79 0.027 251.22 0.007 0.79 0.019 11.06 255.3
Correlation coefficient 049 0093 019 _(Q61° -00% 0067 (071" -0.59 0.12 0.42

joint appeared maximum speed time and ankle joint
maximum speed aswel | askneejoint maximum speed
and anklejoint maximum speed arein significant posi-
tive correlations, and appeared time and anklejoint
maximum speed arein significant negative correlation.
Itisnot hard to seethat kneejoint mainly increase speed
by hipjoint flexor group contraction, whichisvery smi-
lar to whipping techniquelargejoint driving facet joint
principle. Kneejoint maximum extens onangular speed
andtimeareininggnificant differencecorrelaionswith
anklejoint maximum speed, and only after anklejoint
maxi mum speed showing up, kneeextens on maximum
speed would show up, which showsanklejoint speed
isuptoathletes’ whole body each motion mutua coor-
dination degree, it cannot improve anklejoint speed
just by promoting kneejoint speed.

Ankle joint movement features when making
roundhousekick

Anklejoint movementistheendlink inroundhouse
Kick process, itsmovement isdriven by shank move-
ment, and anklejoint maximum speed isa sotheresult
of athletes’ whole body each motion overlapping.
TABLE 3isathletes’ anklejoint movement features
when making roundhousekick.

By TABLE 3, itisclear that athleteanklejoint maxi-

mum speed averagevaueis14.78ny s, relativemove-

ment trgjectory length is1.07m. Though TABLE 3
showsthat movement trgectory and anklejoint maxi-
mum speed correlationsisnot remarkabl e, when ath-
lete makesroundhousekick, try to shorten each phase
compl etion time, which not only can increase speed,

TABLE 3: Athleteroundhousekicking moment anklejoint movement features

Anklejoint Anklejoint Anklejoint relative M ovement
Item maximum M ovement movement trajectory Completion
speed(m/s) trajectory(m) (trajectory length/height) time(s)
Average value 14.78 1.89 1.07 0.26
Standard deviation 1.35 0.20 0.11 0.04
Correlation coefficient -0.028 -0.067 -0.56

but al so can improve motion surpriselet opponentsbe
caught unprepared and achieve advantage.

CONCLUSIONS

Thispaper gets athl ete roundhouse kick moment
generated potentia energy by analyzing athleteround-
housekick moment mechanica relationsand dynami-
ca relations. And analyzes athletedata, obtainsathlete
roundhousekick moment hipjoint, kneejoint and ankle
joint movement features. It gets that athlete during

roundhousekick moment; in casetha quadricepsfemo-
risand hamstrings can sufficient contract, try to reduce
hip abduction angleand hip flexion angleasmuch as
possible, after anklejoint arriving at maximum sped,
dueto inertia, kneejoint continuesto extend, and it
getsthat different fromtraditiona roundhousetechnique
shank finally should straightly kick such situation, knee
joint never kegpsstraight in taekwondo roundhousekick
process. Andin order to reducekneelifting rotational
inertia, and provide better exerting force conditionfor
whipping phase, it should shorten each phase comple-
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tiontimeand let kneejoint makefast flexion. It corrects
peoplethought of improving anklejoint speed just rely-
ing on promoting kneejoint speed, and it should im-
proveanklejoint speed by improving athletes’ whole
body each motion mutua coordination degrees. Inover-
all aspect, athlete should a so improve motion speed
and motionsurprise, which arrivesat anticipativeresult
let own party get advantages.

[1]

[2]

BioTechnologqy —

REFERENCES

Hu Zong-Xiang, Liu Xue-Zhen; The Biomechanics
Analysison Trunk Sport at Horizontal-Kicking of
Taekwondo[J]. Journal of Beijing Sport University,
31(1), 64-66 (2008).

Zhou Chang-Tao, Yu Dai-Feng; Biomechanicd char-
acteristic analysis on elite men’s Taekwondo hori-
zontal-kicking techniques[J]. Journal of Shandong
Physical Education Institute, 26(9), (2010).

(3]

[4]

[5]

[6]

Fu Chao, Qian Chen-Xiang; The KinematicAnaly-
sison the Double Kicks of Taeckwondo[J]. Journal
of Plalnstitute of Physical Education, 29(2), 61-64
(2010).

Hu Zong-Xiang, Chen Xiao-Guang; Biomechanics
Analysison Trunk Sport at Horizontal Kicking of
Taekwondo[ J]. Sports Sciences Researches, 10(3),
58-61 (2006).

Li Shi-Ming; Arithmetics od somekineticsindexes
inmotivevideo anaysigJ]. Journa of Wuhan Insti-
tute of Physical Education, 41(1), 55-57, 64 (2007).
Hu Zong-Xiang; The Biomechanics Analysis on
Lower Limbs Sport at Horizontal-Kicking of
Taekwondo[J]. Journal of Hebei Institute of Physi-
cal Education, 20(3), 63-65 (2006).

Hn Tudian Jounual



