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ABSTRACT

With swimming training level s constantly improvement requirements and
sport training test apparatus gradually perfection, sport training will
gradually movetowards quantification. Rey system theory relational degree
analysis will be more widely applied in sport training. The paper mainly
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researches swimming technical training, makes quantitative analysis of
swimming important event relay technique, finally uses grey relational
degree analysis researching its application in swimming training. It gets
that insufficient technical training volumesand old technical training means
arethe causesthat lead to Chinese swimming level backward. Therefore, it
not only should focus on research and improve training methods, but also
should research technical motions rationality and efficiency.
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INTRODUCTION

Sinceimplementing open and reform for morethan
30 years, Chinahas ushered in sports|leap devel op-
ment, sportslevel has been obviously improved that
achieved excdllent resultsinlotsof international com-
petitions. From 1984 Olympic Games 15 gold medals
achievement to 2008 Olympic Games51 gold medals,
21 silver medals and 28 bronze medal s historic best
performance, Chinahas surpassed Americaand domi-
nated top one in gold medal tally. In 2012 London
Olympic Games, Chinaachieved 38 gold medals, 27
silver medas, 23 bronze medal s, which ranked in sec-
ond bothin gold medal tally and overall medal table,
and created best performancein participating Olympic
Gamesoverseas. From 2008 to 2012, not only com-
plete Chinese competitive sports roosting dreamin

Olympic Games, but al so realize competitive sports
severa decades|ong-cherished wish, meanwhileitis
also best proof of Chinese “Program of Striving for
Olympic Glory” and “All-state systerm” and other poli-
ciesreflectiveresults.

Historic breakthroughin gold medd, thoughit re-
flectswe havealready goneinto agreat sports nation
era, wedtill havealong way to go to becomegenuine
sports power. “Personsin theworld of athletics and
svimming”, itisafamouswordin Olympic Games, which
fully explanscompetitive swimming event, hasanim-
portant position in Olympic Games. But competitive
swimming eventisgtill China’swesk event; it serioudy
hinders Chinamovinginto thecircleof sportspower. In
2000 Sydney Olympic Games, Chineseswimming event
cameaway with nothing, whilein 2004, 2008 two ses-
sions Olympic Games, it dso just achieved onegold
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medd; In2012 Olympic Games, Ye Shi-Wen achieved
women 400m medl ey swimming champion and broke
through world record, Sun Yang achieved men 400m
free strokechampion and men 1500mfreestroke cham-
pion that a so brokethrough world record. Swimming
performanceimprovement isinseparablefrom swim-
ming training rulesconstantly understanding. Chinese
svimmingtraining by severd decadesexploring, itforms
itsown theory and method system, and achieves great
performance. Current world competitive swimming
training gppearsnew theory and moving direction, new
techniques and methodsthat effect Chinese competi-
tive swimming training theoriesand methods.

SWIMMING TECHNICAL TRAINING DE-
VELOPMENT

American scientific researchers researching on
Olympic Gamesfina sand preliminary contests show
that athletesenter into fina sand athletesin preliminary
contests have no obvious differencesin strength, the
differencesarefina athleteshas small resistanceand
hightechnica efficiency. With regard to that, lotsof ex-
pertsthink that svimmingisakind of sport mgoringin
technol ogy- driven, swimming technical training should
becomemaintraining contentsnot |oad adjustiment trans-
formation means, time and energy that take in tech-
nique aspect should bethe same on that of improving
strength and endurance, or even more'.

Insufficient technicd training volumesand ol d tech-
nical training meansare one of reasonsthat cause Chi-
nese swimmerstechniquesreativerought¥. Excellent
swimmerstechnicd training havedready not been gen-
eral technica exercisesor adjustment means, butitis
established inimproving technical efficiency. Chinese
famous coach Zhang Ya-Dong thought that in the as-
pect of technicd training, it should targeted athl etesdif-
ferent training phases detail ed situations, by adjusting
motionsfreguency and motionseffectstoimprovetech-
nical levelsand qualities, so that improve sport perfor-
mance. Itisclear that coaches should be adept in ap-
plying strong targeted and good efficiency technical
trainingmethods, and should highlight technicd individu-
dismtoexcdlent athletes’ technica training.

From 1970s magjoring in strength exercising to
present reducing resistance, improving efficiency train-
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ing, it essentialy istraining guidanceideasgreat change,
whichisalso theresult of continuous deepen under-
standing on swimming and swimming training. Focus
ontechnical training, not just assmpleasadding tech-
nical training, theimportanceistechnical trainingways
and methods constantly innovation, promoting athletes
individud technicd efficiency constantly improving@.

From the 26" Olympic Games to 27" Olympic
Games, fromthe 27" Olympic Gamesto 2001 Fukuoka
world swimming championship as well as 2003
Barcel onaworld swimming championship, sSwimming
event sportsperformance showslargearea, largeam-
plitude, short timeimproving festures, swimming per-
formanceimprovement, especidly for free stroke, but-
terfly, breaststroke performanceimprovement, oneim-
portant reason of them isswimming technical develop-
ment®.

Swimming performanceisupto physicd ability and
techniquetwo parts, physical ability isbase, technique
Isguarantee, technical training and physical training
complement each other, neither of them can be dis-
pensed with. Researches show that Olympic Games
Swimming competition top eight compareswith athletes
haven’t enteredintofinds; thedifferenceisnot in stroke
strength but in technique, the former moretrendsto
streamlinethan thelater*™, Russian scientific research-
erscall svimming as“isakind of sport combiningbio-
mechanicswith phys ology, biomechanical efficiencyis
themost important factor of swimmerssuccess’. Aus-
tralian coachesthought that swvimmingisakind of tech-
nology-driven sport. Russ an famous coach Touretski
went toAustralia, and then brought inthetrainingidea
“improveefficiency and reduceresi stance by improv-
ingtechniques’. Hereby, Austrdian swvimming scientific
researchers based on Russian competition technical
anaysis method, they devel oped aset of competition
technica anaytic system, during domestic andinterna-
tiona major competitions, collected | ots of datainfor-
mation, by analyzing and researching, they summarized
ideal techniquessix main elementsthat let Australia
achieved great success in the 27" Olympic Games
Sswimming competitions. Some Chinese coachesseen
that foreign partid excellent athletescompletion train-
ingintengty wasvery high, and sothey thought Chinese
athletesgap existed onintensity!®. Onthesurface, Chi-
nese athletesgap isintengity, but actually Chineseath-
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letesgap iscapacity of keeping correct techniques. In
recent years, coaches and athletesreally understand
techniqueimportanceto swimming.

By scientific research and sports practice, swim-
ming techniquesand training methodsarecongtantly re-
formingandinnovating, whichlet swvimming performance
constantly improve and swimming new records emer-
gent. Chinese swimming has also many successful ex-
periences, in 1950s, 1960s, Chinese swimmers broke
through world recordsfor many times, which just got
profitsfromtechnical innovation. But, from overdl un-
derstanding, our understanding to swimming essence
and technical efficiency to sports performanceimpor-
tancedtill have certain one-sidednessand deviation, and
insufficient theoretica understandingonthecontrary dso
restrictsadvanced technica understanding, accepting
andmagtering. Therefore, technicd traningsaentification
isapriority of dl current Chinese svimmingtraining.

SWIMMING TECHNICAL TERMSAND
PARAMETERSDEFINITION

Streamlineconcept

In swimming marchingwholeprocess, it should fo-
cus on always keeping body streamline; swimming
greamlinerefersto“flat, traight, sharp, tight, and high”.
Swimming should adwaysput improving srokeefficency
and reducing resistanceintofirst place, reducingresis-
tance al so means always keeping body streamlinein
wholeswimming process. Flat, isbody position, which
isto keep better body position by handspositively for-
ward extending and kicking, especially good kicking
capacity isthe base of keeping better body position.
F=CpSV 2, fromwhich: Cisres stance coefficient, pis
fluid density, Siscrosssectionarea, V isspeed. It can
vividly compareto: C requires‘sharp”, “tight”, “dip”,
Srequires“flat” and ““high”.

Actingforceand reaction for ce concepts

Swimming main propulsion sourceisactingforce
and reaction force——resistance. Previous opinions
thought that swimming propulsion main sourceislift
force. Current opinionsthink that it mainly isacting force
andreactionforce, whichisdsoforward res stancefrom
water. The concept change bringsinto greatly change
on strokeroutine. For exampl e, free stroke arms pull

technique, tolet arms pulling generate maximum pro-
pulsion and better playing muscle strength, it requires
armsstroke point should be dightly wider than shoul -
der when strokingin front of shoulder, have the equal
width when stroking to beneath the shoul der, and nar-
rower than shoul der when swimming through shoul der,
thewhole free stroke’s stroke routineisasmall “S”
type, “Stype” should be obviously smaler than previ-
ous concept, free stroke’s stroke motion should befor-
ward extending, wrist flexing, ebow bending, smal ex-
ternal stroking, biginterna stroking, andfind liftingd-
bow and stroking upwardsthen completingwholestroke
moations.

Balance concept

Hands and legs cooperation is best tool to keep
body balancein thewater. We call body part aswork
platform; itisbody exertion center and aso body bal-
ance point. Hands, legs and head are body balance
tools; the purposeisto let body keep balancein the
water, whichisasotryingtolet gravity center point and
buoyancy point get closer. Body balanceincludeskeep
better body positionin thewater by hands, waist, and
legs coordination and cooperation.

RELAY TECHNICAL RESEARCH

Inthe 27" Olympic Games swimming competition
relay event, Chinesewomenteamthreerelay eventsal
went intofinas, seenfrom competitionresults, Chinese
women rel ay athletesrelay techniquesbasically arrived
at world level. For women 4x100m medley swimming
relay event, Luo Xue-Juanrelay timewas0.27s, Zhou
Ya-Fe 0.22s, Zhu Yin-Wen 0.08s, for women 4 200m
free stroke relay event, Xu Yan-Wei relay time was
0.28s, Yang Yu 0.18s, Pang Jia-Yin 0.26s, for women
free stroke relay event, Xu Yan-Wei relay time was
0.24s,YangYu 0.18s, Zhu Yin-Wen 0.44s(TABLE1,
TABLE2), fromwhichonly ZhuYin-Wenin freestroke
relay last step relay timewas s ower (correlated to per-
formanceresult).

The 10" world swimming championship, Chinese
men, women swimming relay teeamsrelay time:

Womenx 200m freestroke:

Preliminary contest 0.27+0.27+0.41=0.95s

Finals0.25+0.32+0.30=0.87s

s BioTechnology

An Tudian Yourual



570

Swimming techniques quantitative analysis research based on grey relational degree model

BTAIJ, 10(3) 2014

FULL PAPER o

TABLE 1: The 27" Olympic Games swimming competition finals Chinesewomen relay team athletes’ relay timetable

4x100m Medley swimming relay

4x200m freestrokerelay

4x100m freestrokerelay

Event Athlete Relay time(s) Athlete Relay time(s) Athlete Relay time(s)
First relay Luo Xue-Juan 0.27 Xu Yan-Wei 0.28 XuYan-Wei 0.24
Second relay Zhou Y a-Fei 0.22 Yang Yu 0.18 Yang Yu 0.18
Third relay Zhu Yin-Wen 0.08 Pang Jia-Yin 0.26 Zhu Yin-Wen 0.44
Total time(s) 0.57 0.72 0.86
Top eight ranking 1 2 7

TABLE 2: The27" Olympic Gamesswimming competition Chinesemen, women relay team relaying completion statustable

Gender Competition event Preliminary contest & finals Ranking Total relay time(s) Relay ranking
Women 4x100m medley swimming relay Finas 4 0.57 1
Women 4x200m freestroke relay Finals 2 0.72 2
Women 4x100m freestrokerelay Finals 8 0.86 7
Women 4x100m freestroke relay Preliminary contest 8 0.91 11
Women 4x100m medley swimming relay Preliminary contest 5 0.94 12
Women 4x200m freestrokerelay Preliminary contest 6 114 13
Men 4x100m freestroke relay Preliminary contest 15 111 15
Men 4x200m freestrokerelay Preliminary contest 10 1.38 16

Women 4 200m freestroke:

Preliminary contest 0.31+0.50+0.29=1.10s

Finals0.10+0.22+0.13=0.45s

Women 4 200m medliey svimming:

Preliminary contest 0.21+0.10+0.24=0.55s

Finals0.10+0.23+0.13=0.45s

From Chinesewomen swimming team performance
inworld championship, itisclear that best relay perfor-
mance and worst relay performance have 0.65s gap,
the best isduring women 4 200mmedley swvimming fi-
nals, last threerelay athletesrelay performancesumis
0.45sand achieve champion; thewordt isduringwomen
4x 200m freestroke preliminary contest, last threerelay

athletesrelay performance sumis1.10s. So, Chinese
women team relay techniqueisnot stablewhich needs
tofurther improvestability.

By TABLE 3, itisclear that Chineseswomenrelay
eventscomparewithworld leve; thebest relay perfor-
mance hasno biggapwithworldlevd. If seefromided
relay performance, threerelay athletesrelay timeshould
bearound 0.10s, relay performance sumis0.30s.

Men 4x 200m freestroke:

Preliminary contest 0.39+0.18+0.31=0.88s

Mensx 200m freestroke:

Preliminary contest 0.10+0.16+0.40=0.66s

Finals0.19+0.32+0.31=0.82s

TABLE 3: The 10" world swimming championship women threerelay eventsfinalseach team timeranking status

4x100m medley swimming finals

4x100m freestrokefinals

4x 200mfree stroke finals

Ranking - - -
Country Relay time(s) Country Relay time(s) Country Relay time(s)
1 Britain 0.39 Sweden 0.66 China 0.76
2 Sweden 0.44 Britain 0.68 Netherlands 0.79
3 China 0.45 Netherlands 0.78 Australia 0.83
4 America 0.54 America 0.80 Canada 0.83
5 Japan 0.77 Germany 0.84 Sweden 0.84
6 Austraia 0.84 China 0.87 Spain 0.85
7 Netherlands 0.84 [taly 0.98 Britain 0.87
8 Germany 0.92 Audtraia 1.02 America 0.90
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Men 4 200m Medley svimming:

Preliminary contest 0.20+0.21+0.35=0.76s

From TABLE 4 Chinesemen swimming team per-
formancein world championship, best relay perfor-
mance and worst relay performance have 0.22s gap,
the best isduring men 4x 200m freestroke preliminary
contest, last threerel ay athletesrelay performancessum
is0.66s, theworst relay performancessumis0.88s.

Chinesemenreay event compareswithworldleve,
men freestrokerelay timeranksinthefifth, 4x 200m
medley svimmingrelay time (only hasprdiminary per-
formance) can rank the eighth, 4x200m free stroke
relay’srelay time(only has preliminary performance)
canrank theeighth, best relay performance still keeps
paceswithworld level (TABLE 4). For Britishteam,
ItS 4x 200m Medley timeis0.07+0.05+0.11=0.23s, for
Americanmen 4x 200m medley svimming, rlay timein
finalsis0.29-0.02+0.09=0.36s, Japanese men 4x 200m
medley swimming relay team relay timeinfinalsis
0.16+0.12+0.10=0.38s.

Inaddition, presently lotsof countries, in starting
block, athletesadopt wind-up rel ay technique, thetech-
niquefully achieveslarger departing speed from start-
ing block that isvery beneficid, while Chinese athletes
still adopt grab relay technique, onthispoint, Chinese
athletesrelay techniquestill needto befurther improved

————, FyurL PAPER
and enhanced.

GREY RELATIONAL DEGREEANALYSIS
ANDAPPLICATION

In swimming training system, we can get athletes
body shape, function aspects data, but it cannot ex-
actly know athletes genetic factor, excitement in some
time, psychological state and so oninformation. Such
partid clear, partid unclear information systemisgrey
system. Relationa degreeandysisasgrey syssemtheory
put forward onekind of system analysismethod, itisa
method measuring factorsrelationd degreemainly ac-
cordingto systeminternal severd factors development
trend. Thefactorsandysisessentialy isanayzing and
comparing with grey system several relative sequences
and their curvesfollowed time changes. Curve geo-
metric shape gets closer, and then devel opment trend
getscloser, relational degreed so getsbigger. Dueto
relational degreeanaysismakesanaysisaccordingto
development trends, thereforeit hasn’t many require-
ments on samples quantities, and al so has no need of
typical distributionrules.

Compstitiveswimming technical feeturesarearms
andlegsgtroking, kicking, driving by turns; upper, lower
limbs coordination and cooperation generatesforward

TABLE 4: The 10" world swimming championship men’sthreerelay eventsfinalseach team relay timeranking status

4x200m medley swimming finals

4x200m freestrokefinals

4x200m freestrokefinals

Ranking Country Relay time(s) Country Relay time(s) Country Relay time(s)
1 Britain 0.23 Italy 0.38 America 0.36
2 America 0.35 America 0.54 Australia 0.59
3 Japan 0.38 France 0.55 Canada 0.61
4 France 0.54 Germany 0.55 Germany 0.77
5 Netherlands 0.56 Australia 0.56 China 0.82
6 Canada 0.68 Russia 0.58 Britain 0.85
7 Ukraine 0.75 Canada 0.65 Greece 0.86
8 Russia 0.90 Russia 0.91 Italy 1.19
China 0.76 China 0.88

TABLES: Original data

June,2011 January,2012 June,2012 January,2013 June,2013 January,2014

Yo (50 meters free stroke cooperation) 385 36''2 341 313 29"'4 27''6
y1 (50 meters free stroke kicking) 56" 53'5 51'1 48'"8 47''6 452
Yy, (50 metersfree stroke armstroking) 451 43'3 40'"'5 36" 33'6 3172
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propulsion, during marching process, upper, lower limbs
aremutualy promoting and restricting. Inorder tofind
out arms motions and legs motions aswell as speed
relations, thepaper randomly samplesfivemen athletes
50m free stroke relative data (refer to TABLE 5) to

makereationa degreeandysis.

Andthenthe paper initidlizeswith origind data, re-
sult refersto TABLEG.

And then cal cul ate reference sequence and com-
parison sequence absol ute difference, resultisasfol-

TABLE 6: Initialized result

1 3 4 5 6
Xo(p) reference sequence 1 0.927 0.892 0.811 0.776 0.714
X1(p) comparison sequence 1 0.958 0.915 0.868 0.851 0.832
X,(p) comparison sequence 1 0.962 0.892 0.793 0.7%4 0.748

TABLE 7 : Reference sequence and comparison sequence
absolutedifference

1 2 3 4 5 6
Ay, 0 0031 0025 0057 0073 0118
A, 0 0036 0001 0013 0024 0.036
lowingTABLE7.

asA(min) = 0,A(max) =0.118.

A(min) + SA(max) |
A, (P)+ pA(max) it solvescorrelation co-

By

e (P) =

efficentis
£y =(1,0.694,0.73,0.551,0.478,0.376) :
&0, = (1,0.664,0.987,0.834,0.756,0.663) .

1 n
By T ZEZ%(P), it gets relational degree
p=1

isry, =0.637,r,, = 0.818. Thereupon, arm stroking

and cooperationrelational degreeislarger than that of
kicking and cooperation. It showsarm stroking isthe
closest factor to cooperated devel opment trend.
According to exercise physiology theory, athletes
master sportstechniques, essentialy istemporary neu-
ra connection establishing. Long-term, repeatedly ex-
erciseswill maketheneural connectionfirmandform
into akind of dynamic stereotype. Therefore, to make
relationa degreeanaysisof aahletetechnicd statede-
vel opment change, isalready not making anaysisof a
stack of scattering databut dynamical quantitative ana
lyzingagradudly forminginto dynamic Sereotypesports
technicd status. Thesequantitiesreflect athletes’ tech-

BioTechnology —

nical compositionseachfactor reativestablerdations.
According to expert qualitative analysisand re-
search and our relational degree analysis of several
athletes’50m free stroke cooperation, arm stroking and
kicking techniques, it proves. whenr,, > r,, ahletes’
technical structuresarenormal, onthecontrary, itis
unreasonabl e. Therefore, to technical structureunrea
sonableathletes, they should make great technicd im-
provements. And then the paper makesrdationd andy-
ssof technical normal and unreasonableathletes’ track
testing data, which providesbasisfor coaches’ timely
learning athletes’ technica devel opment direction.
Relational degreeanalysis provides quantitative
andys sfor svimming technicd criterion. Thepaper ana
lyzes 50 men athletes, it gets 50m free stroke second

class technical criterion:r, >0.58(S=0.049) ,

I, =0.79(S = 0.043) . Inthisway, during swimming
training, except for speed quantity criterion, it dso gets
technicd quantization criterion. If making technicd struc-
turerelational analysisof al four kinds of swimming
patternsand different distances, differentlevelsmenand
women athletes’ onthelarger samplesbasis, thenthe
paper can establish acomplete svimmingtechnicd cri-
terion system. Usethesetechnical standard to analyze
and measure athletestechnica state, achieved results
will becomecoachestechnicd trainingmoment evidence,
sothat play important rolesintraining.

CONCLUSIONS
Swimmingtraining systemisagrey system; thepa:

per appliesreationd degreeandysismethod andyzing
swimming techniques. Theanaysismethod achieves
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remarkableresultsin swimmingtraining further degpen
application, which provesgrey system theory applying
intoswimmingtrainingisfeasble. It findsout achannd
for usbringing into quantitative anaysisin swimming
technical andyses. With swimming level congtantly im-
provementsrequirements and sport training test equip-
ment gradua ly perfecting, sportstrainingwill gradualy
movetowardsquantification. Grey systemtheory rda
tiona degreeanalysiswill bemorewidely appliedin
gportstraining.

Technical training and water strength training are
Chinese swimming training weak links, though reflects
that it keepscertain paceswith foreign countriesintrain-
ing proportionsand training means and methods, es-
sentidly isour cognition backwardness. Strengthenin-
ternationd exchangeandlearning, changetrainingidess,
it will enableabreakthrough and innovation. Chinese
swimming bal ance status showsthat Chinahasn’t paid
enough attention to training ba ance problems, which
causestraining structureshort of rationdity and effects
ontrainingoverall effects.
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