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ABSTRACT

With sports undertakings development, athletes’ competition has grown
fiercer, and training is required to be increasingly improved. Scientific
training method isan important premise to improve sportslevel; the paper
combines with biomechanical knowledge and computer technology to
establish three-dimensional video analysis model, and makes research on
pommeled horse circle’s one cycle technical motions, with an aim to find
out pommeled horse circle technical motions rules and features so that
makes improvement suggestions and improve technical motionslevels. At
first the paper proceeds with biomechanica featuresanalysisof pommeled
horse circle’s one cycle technical motions, gets kinematics regul arity, and
then according to kinematics regularity, it establishes three-dimensional
analysismodel, extractsrequired kinematic data by model, and goes ahead
with data processing. Finally combine with model dataand biomechanical
knowledge, it researches on pommeled horse circle’s one cycle technical
motions, gets conclusions and provides technical motions improvement
suggestions that makes contributions to Chinese pommeled horse sport
event development. © 2014 Trade ScienceInc. - INDIA

KEYWORDS

Three-dimensional analysis
model;
Biomechanics;

Data processing;
Quadraticfit.

INTRODUCTION

Pommeled horseisoneof competitive gymnastics
events, it originatesfrom Europethat isfirst listed as
gymnasticsevent in 1896; in 1980s, pommeled horse
has been rgpidly devel oped, difficulty and new motions
have been constantly emerged. Chinese athletesand
researchers have made | ots of contributionstoworld
pommel ed horse technical progress, and won world
champions continuously for Six times. Inrecent years,
with sports undertakingsdevelopment, athletes’ com-
petition hasgrown fiercer, the paper combineswith bio-

mechanicsand computer technol ogy to establish three-
dimensiond video andyssmodd, withanamto make
contributionsto Chinese pommel ed horse undertakings
development.

For pommeled horse sport event, |ots of prede-
cessorscarry out each kind of researcheswith different
methods and makes|ots of suggestions. Just by these
predecessors’ congtant exploration and pommeled horse
athletes’ unremitting efforts; it let Chinese pommeled
horse sportsundertakingsrapidly devel op. Among them,
Ye Xiao-Dong (2010) carried out feature analysis of
world gymnastics championship pommeled horseevent
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difficulty and new movements, he pointed out that pom-
mel ed horse snglemovement innovative proportionis
larger in gymnastics new rules, connection motionsin-
novativetimesreativereduce, especiadly for multiple
connective movement innovationsare also fewer and
fewer; infuturetraining, it shouldimprove movement
stability, and constant innovate on the basis of move-
ment stability; intraining, it should strengthen grasping
movement detail sand increase movement accuracy!™.
Chen Jian(2007) madediscussion on gymnasticsmen’s
pommeled horsering circleteaching methodsand pro-
vided “ stagefeding teachingmethod” let athlete define
circlefeelingswhich built good foundation for future
training. Liu Yu-Jin (2007) researched on pommeled
horsetechnicd training measures and pointed out pom-
meled horsemovement compiling, difficulty anditscon-
nection should be skillful, reasonable, novelty, so that
adapted to more difficulty movements, big changes,
most complex Sructurefegtures, it should focusontech-
nica compilationand technicd innovationinfuturetrain-
ing and improved technical movement overall coher-
ence.

The paper onthebasisof previousresearch, com-
bining with computer knowledge and biomechanical
knowledgeto establish three-dimensiond video analy-
sismodel, and getskinematic dataand makesresearch.
Combinewith model dataprocessing result and bio-
mechanical knowledgeto research on pommeled horse
circle’sonecycletechnical movements, so that makes
technica movementsimprovement suggestionsandim-
proves Chinese pommeled horsetraininglevels.

POMMELED HORSE CIRCLEONE CYCLE
SPORTSBIOMECHANICAL FEATURES
ANALYSIS

Sportshiomechanicsisadisciplinethat newly-de-
veloped inrecent years but devel opsextremely rapid.
Especially for sportsevents, sports biomechanics ap-
plicationisquitewiddy. The paper combineswith sports
biomechani csto research on gymnastics events pom-
meled horsecirclemovement. Theaimistoexplain
pomme ed horse movement kinemétic regularity sothat
improvetraining methodsand improveathletes’ train-
inglevels.

Pommeled horse circlemovement involveswidely
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biomechanical knowledge. Pommeled horse circle
movement hastheoretical mechanics’ rigid body rules
static and dynamic features, the paper defineshuman
body verticd axisreativeto perpendicular axistilt angle
asnutation angle, verticd axissurrounding perpendicu-
lar axisrotationa angleisdefined asprecession angle,
and human body surrounding vertical axisrotational
angleisdefined as spin angle. Ideal pommeled horse
circle requires human body to make constant preces-
sonwithunchanged nutation angle, meanwhilespinsur-
rounding vertical axistoward oppositedirectionsoas
to ensure athlete always face to front in sports pro-
cess?. Itsmaintechnical featuresare: takeshoulder as
axis, turn asumbrella, clamp chest, far away from sup-
porting point, stretch body and spread movement®.
In order to simplify model and easier to analyze
pommeled horse circlemovement sports biomechani-
cal features, the paper combineswith pommeled horse
circlemovement’ssinglearm, doublearmssupporting
datus, it asmplifiespommeled circleonecycletechnica
movement into four stagesasFigure 1 show.

(1) Double arms side support stage: gravity center
gradudly shiftstoleftarm, inFgure 1, fromthelSth
side support to thefifth right hand breaking away
fromright horsering phase.

(2) Leftarm support stage: InFigure 1, from the 5th
right hand breaking away from right horsering to
the 10" right hand gripping right horsering to back
support stage.

(3) Double arms back support stage: gravity center
gradually shiftsto right arm, in Figure 1from10th
right hand gripping right horsering to the 15" | eft

Figure 1. Pommeled hor secir cle movement decomposition
schematicdiagram
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hand breaking away from | eft horsering stage.

(4) Right arm support stage: In Figure 1 the 15" | eft
hand breaking away from I eft horseringto the 19"
left hand grippingleft horsering againto side sup-
port stage.

THREE-DIMENSIONAL VIDEOANALYSIS
MODEL ESTABLISHMENTS

Usetwo JV C—980videosto continue shoot se-
lected excellent athletes’ pommel ed horse competition
circlewholeprocess, videos|ocating placeisonevideo
in front 10m distance area, the other onein side 7m
distanceareq, sothat forminto three-dimensiond shoot-
ing as Figure 2 show, shooting speed is50 frames per
second. And then carry out three-dimensiona image

APAS SYSTEM

TG Camera A ——
— A

|

Camera B

Figure2: Three-dimensional shooting siteplan view

handling with shot origina images. The paper adopts
American RALL sportsbiomechanica high speed pho-
tograph system, combineswith human body kinemat-
ics 21 joints, 25 segment control points, and photo-
graphs shot three-dimensional action scenes, so that
achieve above 12000 data. After that combine with
sportshiomechanics, collect the paper research required
data, so that according to dataand human body sports
mechanical features, makes research on pommeled
horse circle one cycletechnical movements, explores
itsrulesand features. Itsmodel flow chartisasFigure3
show.

Amongthem, subject basicinformationisasTABLE
1 show.

Accordingto TABLE 1, itiscear tha athleteheight,
weight, age, weight and other physical condition fac-
torsand non -training factors have no big differences;
thereforethe paper assumesthat athletes’ physical fac-
torshaveno sgnificant differenceson athletes’ physica
ability training and technica movement playing.

MODEL SOLUTIONANDANALYSIS

Pommeled hor secircleonecyclefour stagestime
consumption analysis

By APAS system, extract subject one cyclefour
stagestime consumption dataand can get TABLE 2.

Accordingto TABLE 2data, it can get Figure4.

By Figure4, itisclear that pommeled horseathlete

TABLE 1: Subject basic sportsstatus

Competition name Name Age Height Weight Sportsgrade Yearsof training

LuBing 29 1.65 59 Master sportsman 24

Wang Heng 26 171 62 Master sportsman 22

) ) Luo Jing 22 1.65 56 Master sportsman 18

National gymnastics _

. Yu Si-Yang 19 1.66 60 Master sportsman 15
championsin 2007 _

Lu Chen-Xi 20 1.64 53 Master sportsman 16

Chen Chen 20 1.62 57 Master sportsman 16

Du Wei 21 1.6 60 Master sportsman 17

Chen Jing 27 1.73 64 Master sportsman 22

National gymnastics Du Wei 21 1.6 60 Master sportsman 17

championsin 2005 Wang Heng 26 171 62 Master sportsman 22

Guo Wei-Yang 20 1.64 59 Master sportsman 16

National gymnastics Du Wei 21 1.6 60 Master sportsman 17

championship in 2007 Xiao Qin 23 1.64 55 Master sportsman 18
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Figure3: RALL high speed photograph system flow chart

TABLE 2: Subject onecyclefour stagestime consumption

Onecycletotal
Name T1 T2 T3 T4 _
time consumption

LuBing 0.16 0.32 0.20 0.28 0.96
Wang Heng 0.16 0.32 0.12 0.28 0.88
Luo Jing 0.16 0.32 0.16 0.32 0.96
Yu Si-Yang 0.14 0.34 0.18 0.32 0.98
Lu Chen-Xi 0.16 0.32 0.18 0.32 0.98
Chen Chen 0.16 0.32 0.16 0.28 0.92
Du Wei 0.12 0.28 0.16 0.24 0.8
Chen Jing 0.14 0.28 0.16 0.36 0.94
Du Wei 0.14 0.28 0.16 0.28 0.94
Wang Heng 0.10 0.32 0.16 0.32 0.9
Guo Wei-Yang 0.16 0.3 0.14 0.32 0.92
Du Wei 0.12 0.28 0.16 0.28 0.84
Xiao Qin 0.16 0.28 0.20 0.32 0.96

TABLE 3: Athletecircle’sonecycle each stagetimealloca-
tion per centage

Name T1 T2 T3 T4
LuBing 17%  33% 21%  29%
Wang Heng 18% 36% 14%  32%
Luo Jing 17%  33% 17%  33%
Yu Si-Yang 18% 35% 14%  33%
Lu Chen-Xi 16% 33% 12%  36%
Chen Chen 16% 33% 12% 36%
Du Wei 17%  3B% 17%  30%
Chen Jing 15%  30% 20%  38%
Du Wei 15%  30% 17%  30%
Wang Heng 15% 36% 17%  35%
Guo Wei-Yang 11% 33% 18%  36%
Du Wei 14%  33% 15%  35%
Xiao Qin 17% 29% 21% 3%
Average value 5% 33% 17% 33%

Variation coefficient 12.66% 7.35% 16.29% 8.68%

circleonecyclefour stagestime consumptionsaredif-
ferent, but different athleteshas certain rulesin same
stagetime consumption, but time consumptionsdiffer-
encesarenot big. By Figure4, itisclear that double
arms side support stage average time consumption
0.14 s, doublearmsback support stage averagetime
consumption 0.16 s, singlearm support (Ieft armright
arm) stage averagetime consumption 0.31s. There-
upon, it isclear that pommeled horse athletecircle’s
one cyclesinglearm support stage average time con-
sumptionisnearly 2 timesdoublearms support stage
average time consumption. And dueto double arms
support stagetime consumptionisthesame, snglearm
support stagetime consumptionisasobasicthe same,
and theformer time consumption isobviouslessthan
thelatter, therefore combinewith kinematical knowl-
edge, the paper deduces singlearm support stage con-
tinuetorotatemainly reliesoninertia

Combinewith TABLE 2 each athlete each stage’s
time consumption to carry out percentage computing,
and canget TABLE 3.

Inmultipletested athletes, Xiao Qinhasareputa-
tion of “ThePrinceof Pomme ed horse”. Hishigh tech-
nical movement leve that no other has, he continued to
winworld championin pommeled horseevent with ab-
solute advantagesin three sessions’ world champion-
ships. Therefore, hismovement datahas certain refer-
ences. By TABLE 3, itisclear that Xiao Qintimecon-
sumption percentagein T3 stageisobvioudy morethan
others, which showsthat extend doubl e hands support
stageto increaseexertiontimeisanimportant factor to
improvetechnical movement. Besides, combinewith
TABLE 3variation coefficient can know that variation

0.05

TL 12 T3 T4

Figure4: Circle’sonecyclefour stagesaveragetime con-
sumption
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coefficientislarger indoublearms support stage, and it
issmdleringnglearm support sage, thereupon it shows
each peopleexertion degreesdifferenceswill causetime
consumption larger differences, dueto single support
stagemainly reliesoninertiaforce, differenceisnot re-
markable.

Pommeled horse circle’s one cycle shoulder tra-
jectory planar projection analysis

Figure5isobtained by |eft (right) shoulder trgjec-
tory projectingto plane after athlete pommeled horse
cardingonecyde By Figure5, itiscdear | ft(right) shoul -
der trgectory lineissimilar to ova, thereforewe com-
binewith ova areasizes, and meanwhileaccordingto
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Figure5: LuBingcircle’sonecycleleft and right shoulder
trajectory graph

e

three-dimensiona video anaysismodd, it can get the
similar oval concretesizes parametersin three-dimen-
siond space: oval frontd axisdiameter x , sagittal axis
diameter Y, and perpendicular axisrange z . It further
getseach athlete projection oval area( TABLE4)
Combinewith TABLE 4; it isclear that no matter
left shoulder or right shoulder, Xiao Qin’sarea sisfar
bigger than others. Thereupon, it indicatesthat his
shoulder movement rangeislarger, projection gets
closer to round. So Xiao Qin movement postureis

the best, movement completion quaity isthe highest.
In addition, combinewith three-dimensional video
analysiscurve (Figureb), itisclear that general ath-
letes perpendicular axisrange z maximum value ap-
pearsin side of pommeled horse location. The left
hand supportspommeled horse, and right shoulder 7z
vauearivesat maximuminright pommeed horsesde
location.

Pommeled horsecircle’sonecycleaver age speed
analysis

According to three-dimensional video anaysis
model, collect each stage group average speed data
and get TABLES.

The paper makes continuous analysis of average
speed, by previous stage average speed to next stage
averagespeedinfluentid rdations, it findsout pommeed
horse circle’sone cycle each stage continuousfeatures,
sothat strengthen movement continuity. Take T2 Stage
average speed asindependent variable, T3 stageav-
erage speed as dependent variableto make quadratic
fitting on data, and find out their function relations, as
Figure 6show:

And can get regression equation:

V3 =0.2978- 35136V, +17.5138V7, @

Accordingtoformula(l) and Figure6, itisclear
that previous stage average speed hasinfluenceson next
stage average speed, intraining, it should strengthen
overal movement coherencegrasoing so astolet overal
movement arriveat elegance, fluency sothat get higher
result.

Pommeled horsecircle’sonecyclegravity center
liftoff averageheight analysis

Gravity center high or low hasclosereationswith
athletes’ completion movement status, the paper takes

TABLE 4: Athletecircle’sonecycleleft and right shoulder trajectory projection areatable

Name L eft shoulder S Right shoulder S Name L eft shoulder S Right shoulder S
LuBing 0.17 0.17 Chen Jing 0.17 0.22
Wang Heng 0.18 0.15 DuWei 0.13 0.21
Luo Jing 0.16 0.19 Wang Heng 0.21 0.22
Yu Si-Yang 0.1 0.11 Guo Wei Yang 0.17 0.16
Lu Chen-Xi 0.16 0.18 DuWel 0.16 0.21
Chen Chen 0.16 0.2 Xiao Qin 0.28 0.3
Du Wei 0.11 0.14
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TABLE 5: Athlete circle’s one cycle four stages average
speed

Name T1 T2 T3 T4
LuBing 7.37 6.12 6.24 5.2
Wang Heng 7.34 5.86 7.17 5.88
Luo Jing 6.56 571 7.2 6.23
Yu Si-Yang 7.41 6.18 6.5 5.3
Lu Chen-Xi 7.45 6.11 6.6 5.75
Chen Chen 7.45 5.07 7.7 5.27
Du Wei 6.53 6.06 7.15 6.02
Chen Jing 6.43 5.73 7.86 6.1
Du Wei 5.74 5.08 8.1 5.37
Wang Heng 7.15 5.59 7.84 6.11
Guo

) 7.76 5.09 7.55 6.4

Wei-Yang
Du Wei 7.68 5.75 7.43 5.09
Xiao Qin 8.87 5.85 8.24 5.87
Average

7.21 571 7.42 5.74
value
Variation

o 10.69% 7.01% 9.46%  7.66%
coefficient
85
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Figure6: T2 —T 3 Fittinggraph

nationa gymnasticsfinal s staff in 2007 asresearch ob-

jects, accordingto gravity center p averagevauecom-

puting formula(2)and circle’sonecycle p standard

deviaion o computing formula(3)andcanget TABLE
6.

d;

D=- @)
4

Informula(2) d, isevery Slagegravity center height:

ﬂﬁi(di -of ©

i=1
Combinewith TABLE 6 and canget Figure?7.

TABLE 6: Athletecircle’sone cycle gravity center liftoff
averageheight (m)

Average
Standard
Name — .

height D deviation o
LuBing 1.392 0.06979
Wang Heng 1.391 0.0274
Luo Jing 1.383 0.03178
Yu Si-Yang 1.384 0.01841
Chen Chen 1.374 0.03048
DuWei 1.358 0.0556
Luo Chen-Xi 1.349 0.0292

Note: Table 6 name ranks according to final scores from high
tolow

1.4
1.39
1.38
1.37
1.36
1..36
1. 34
1. 33

1.32 ' ' ' ' ' !

¢ & &
P LW o =i < NN &
PR A 4 N O

Figure7: Athletegravity center broken linegraph

By TABLE 7, it can clearly seethat in pommeled
horse circle’s onecycletechnical movement, gravity
center liftoff getshigher; ahletes’ performanceswould
be better that athletes’ technical movement getsmore
elegant and winjudger additiona score. Thereforeath-
letesshould try toimprove gravity center height in fu-
turetraining.

CONCLUSIONS

The paper combineswith computer technology and
biomechanica knowledgeto establish pommeled horse
circle’s one cycle three-dimensional video anaysis
model, and makesresearch on computer solving result,
it getsphysical ability training aspect relativerulesand

BioTechnology — o
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further makes suggestions, thethree-dimensiond video
analysismodd haswiddy promotion and can promote
to other sportsevents, or used to research on objects
sportsrulesinthree-dimens ond space; For pommeled
horsecircle’sone cycletechnica movement, it getsdata
by three-dimensiona video anaysismodel and further
makes suggestions. Chinese athletes should extend
doublearmssupport stagetime consumptioninfuture
pommeled horsecircle’sone cycletechnica movement
training, sothat increase exertion time, let movement
range enlargeandimprove movement gppreciation; By
pommeled horsecirde’sonecycletechnical movements
shoulder, foot trgectory projection andyzing, and com-
binewithmechanica andysis, it canknow that athlete’s
shoulder, foot trgjectories projectionsin planeget closer
to round, and then the athl ete movement technique gets
better. Research on athlete movement gravity center
and combinewith athleteranking status, itisclear that
gravity center hasapodtive corrdaionwith ahleterank-
ing, athletesmovement gravity center getshigher and
then athletes’ performance get better. Thereforeinfu-
turetraining, it should try toimprovegravity center po-
gtion onthecondition not affect movement fluency.
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