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ABSTRACT

Volleyball players will use a variety of basic motions when fight in the
court, from which spike motion is generally recognized as the most
ornamental and destruction technique, the technique can interference with
opponent team scoring, and also provide opportunities for its own team
organize new round attacking. This paper analyzes volleyball spike
technique, in the hope of exploring volleyball expected landing point after
spiking, spike process action principle and reasonable hitting angle, it
provides theoretical basis for athletes’ training process and researchers’
parsing process. This paper proposes volleyball expected landing point
area after spiking, and analyzes expected landing point area difficult
defensiveness, then analyzes athletes’ action features and action
biomechanical principle in five segments from the perspective of spike
process, finally it establishes programming equation for volleyball spike
expected landing point, and applies Lagrange conditional extremum
algorithmin carrying out data s mulation on programming equation, it gets
reasonabl e hitting angle range under reasonabl e parameters, which provides
theoretical basis for accurate hitting and scientific hitting.
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INTRODUCTION

Volleyball fighting processproceedswith 12 people
movement, thetwo partiestry their best tointerference
with opponents’ ace to gain success, then strives for
own party gaining more scores asmuch as possible;
For volleyball technica motions, spiketechniqueisthe
main way in competitive ace, in order to realize ath-
letes’ accurate spiking and scientific spiking, this paper
implementsanaysisof forward spike process athl etes’
action features and hitting angle generated volleyball
landing point problems, in the hope of making contri-

bution stovolleybal further development.

For volleybal spikemotion and spikehitting angle,
lots of people have made efforts, just by their efforts
makeit poss bleto accuratehitting and scientific hitting,
fromwhich: Lin Sen etc. (2013) applied insole system
testing on Liaoning menvolleybal spiketake-off tech-
nique, and explored volleybal| spiketake-off technique
pel mamechanica feature, which provided theoretical
basisand guidancefor improving volleyball athletes’
spiketake-off height and lower limbsspecid strength
training!¥; Zhang Hai-Bin etc.(2013)took No.4 was
stop-jump before spiking from 12 volleyball playersas



BTAIJ, 10(2) 2014

Qiang Wang

177

research objects, collected athletes’ stop process ki-
nematical parameters by force platform, video and
myoel ectricity multi-machine synchronoustestingto do
anaysis, which provided theoretical basisfor stoptech-
nique?; Liu Ju-K eetc.(1987)took amateursand vol-
leyball athletes as objects, he defined spike take-off
point and spikelanding point, accordingto similar tri-
anglesgeometricrelaionship, he established themath-
ematical model, and got take-off corresponding men
and women different spikeroutes, landing point arees’
hitting point height and best hitting angle by electronic
compuiter technology handling®.

Thispaper onthebasisof previousresearch, it sum-
marizes spike technique expected landing point area
and spike process biomechanical principle, by math-
ematica programming method, it establishesprogram-
ming equation that required to arrivea difficult defen-
sveares, and exploresLagrange conditiond extremum
goplicationintheprogramming equation solution, which
providestheoretica basisfor coachesand athletes.

VOLLEYBALL SPIKEMOTION PURPOSE
AND MECHANICAL ANALYSIS

Volleyball match resultsisclassified with scores,
fromwhich onegameisstipul ated as 25 scores, fight-
ing teamswho first gets 25 scoresisthought towin,
therefore both two partiesin fighting processaims at
getting more scores and interference with opponents’
scoresasmuch aspossible. Volleyball players’ basic
motionscan be classified according to their action fea
tures as preliminary posture and shift, pass, dig, ser-
vice, block and spike, for destruction, it isthe spike
technique bethe strongest, thetechniqueisown party
team aceimportant way and alsofata techniquetoin-
terference with opponent scores. If itwant toredlistic
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realize spiketechnique power, it needsto makeanaly-
ssof opponents’ players’ location distribution and court
designing, and play the ball into opponent vulnerable
locationisthekey to effectiveinterfere with opponent
ace, therefore the chapter analyzes expected location
after volleyball spiking and spiketechniqueaction fea
tures, inthehopeof providing basisfor volleyball kine-
matica analyssand teaching design.

Expected location analysisafter volleyball spiking

Involleybal fighting, two parties’ players’ line up in
thecourt showssymmetrictype, generdly, court middie
zonedefenseability isthestrongestywhile lies in court
back row small partial areaand left right two sides’
small partid areadefensveability arerdative poor, its
court spacepresentation isas Figure 1 show.

In Figure 1, the left side position isregarded as
opponent court, right Side positionisregarded asown
party court, white partsin opponent court ismiddle
zone, the zone defensive ability isvery stronger, and
shadow partsrepresent back sidelineandleft right side
line’s difficult defensive area, meanwhile the paper con-

Figurel: Volleyball court movement and court location sche-
maticdiagram

TABLE 1: Court and volleyball par ameter sdefinition

Symbol Definition Symbol Definition
|1 \C/;?teenr \t/:IrllgtytI;?Ialng; shot, distance between sphere H Volleyball net height
|2 Left right side line difficult defensive areawidth V Volleyball sphere center speed
|, Right sideline difficult defensive areawidth h X.O”eyba” sphere center to ground
istance
Court effective areatotal width, that is
| When volleyball is shot, the shortest distance between L 1
b sphere center to border E of total length
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trolsspikeinitia conditionswith parametersin thefig-
ure, and let them drop into shadow partsin thefigure,
so asto arriveat spikeexpected Location, parameters
definitioninfigureisasTABLE 1 show.

Volleyball spikemotion technical analysis

Volleybdl spiketechniqueeffectshaveremarkable
featuresin the match ace, it can cause difficultiesto
opponent receivetheball, meanwhileit creates oppor-
tunitiesfor ownteamto attack again, itsfeaturesare
high hitting point, fast speed, big strength and multiple
changes, besidesit need to closely cooperate with set-
ting.

According to spike action features, it can be di-
videdintoforward spike, windmill smash and self-cover
spikethethreekinds, thispaper takesforward spikeas
an exampleto carry out volleyball spike motion analy-
Sis, as Figure 2 show the forward spike motion pro-
Cess.

Figure?2: Forward spiketiming motion schematic diagram

Forward spikeisthebasictypein spiketechnique,
dueto athlete can faceto net during spike process, and
forward spikearm swinging motionisre ativemoreflex-
ible, it canlet ball landing point moreaccurate, and it
can carry out proper volleyball movement route con-
trolling according to opponent defense status. AsFig-
ure 2 show, forward spike motion completioniscom-
posed of following 5 bas ¢ segmentsorganic combina:
tion.

(1) Preliminary posture

The segment isthe preparation before running-up,
it needsathlete control two legslet |eft and right open,
makeright leg moving forward asmall step, thesmall
step left and right distance should dightly smaller than
front and back distance, athletetwo kneesdightly bend,
let body gravity center linedropinthelegareawhichis
to the running-up direction, human body upper body
should dightly lean forward, and two armsshould proper
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bend elbow and let them fall in body two sides, eyes
shouldfully focuson volleyba | movement;
(2) Running-up segment

Thesegment starting to definingisstarting running
to prepare to jump, when running-up starts, athlete
should first control |eft leg movethefirst stepto ball
landing direction, and then let right leg fast crossthe
second step to ball landing direction, after that | eft leg
followsright legtogether with right leg fast draw close;
when |eft leg drawsclosetoright leg, it shouldlandin
right legleft sdenearly equd to shouldwidth and dight
half |eg forward location, at thistimeit movesto the
third segment take-of f process, whichisaso running-
up segment ending node;

(3) Take-off segment

Take-off segment isthe processthat athlete from
running-up ending to body soaring, inthe beginning o
theprocess, at firgt it should compl etetake-off |eg brak-
ing, brake movement process can be understood as
horizontd trand aion changinginto spinning onitsaxis,
whilerotation processhasmoment of res stance effects
that letsbody complete braking, if take-off legtranda-
tiona speedisv, andradiusontheaxisis r , thentake-
off leg rotational angular speed o at thistimeisasfor-
mula(1) shows.
o= @

Accordingtoformula(2) showed the moment mo-
mentum theorem, it is clear that take-off leg braking
force process:

AM(t, -t;)=lo, —lo, )

Informula(2), AM representstake-off leg suf-
fered averagemoment of resistancein braking process,
dueto (t, —t, ) isquitesmall, during take-off leg proper
angular speed meeting process, it requiresgreater mo-
ment of resistance, so at thistime, itispronetolet ath-
letes get injured that needs athletesto carry out scien-
tifictraning.

After take-off leg completing braking, human body
twolegs’ knee will change into flexion shape and inner
buckling, upper body needsforward |lean take-off pos-
tures, after that athletes’ two legs fast and powerful kick-
ing theground to provide proper speed for take-off; In
themoment of take-off, so asto achieve higher vertica
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Speed, it needs two arms continue to bend arm from
back body and swing to body forward upper side, it
providesupward accel erated speed for athletes, at the
sametimeathletes should fast stretch abdomen, extend
knee and bend ankleraisetoe, inthisway it achieves
reasonable body soaring. To sum up, in take-off pro-
cess, athlete should pay attention to braking process
sportsinjury and take-off processtwo arms’ coopera-
tion.

(4) Hittingintheair

Hittingintheair ssgment isthefundamenta objec-
tive of spikemotion, which needsathletejust right let
hitting arm collideswith ball, in the process, athletes
after wholebody soaring, it needsleft arm swing tothe
front body, make hitting arm bend and control itin one
sideof head, control elbow location on shoulder height
location, carry out stretch abdomen, chest out, open
shoulder and body inreversed arc, eyesfocuson vol-
leybdl, usehittingarmto do whip motion by seizingthe
opportunities, itsbigarm forward spins, elbow towards
front top Side, smal armrel axesand fast vibratesback-
wards, duringtheperiod, it needsto relax wristsso as
to provide better transmitter for whip motion speed
tranderring, thenfollowing by smal amupward svinging
through back vibration accel erated trends, shakesthe
wholearm and forward swinging it in arc shapeto hit-
ting point and hits; when hitting, it needsthewholepam
cover volleybal, and needsto makeforward push mo-
tion, inthe hope of making reasonable controlling of
ball directionand route.

(5) Landing segment;

Landing segment isforward spike motion ending
segment, the segment motion meritsdon’t have big ef-
fectsonthehitting, but it will have certain effectson
next defense and attack, if player lands appear stum-
bling or injury and other accidents, then it generates
unfavorable opportunity for own party next attack,
thereforelanding segment needsathleteto land stable,
inorder to pursuit stability and noinjuriesin landing
process, it needstwo legs s multaneous|anding, use
twolegs’ bearing ability to endure landing ground re-
verseimpulse.

VOLLEYBALL DROPSINTO EXPECTED
LOCATIONAFTER SPIKING CONDITION

ANALYSIS

Volleyball out of hand kinematical equation

Inthe moment hit by athlete, volleyball has speed
after collision, the speed isthefundamentd factor af-
fectsvolleyball trgectory, and the chapter andyzesini-
tial volleyball mass center speed, and establishesvol-
leyball kinemétical equationwith kinematicd parameters
provided by the paper.

Volleybal hitingtantaneousspeedy/ resolution sta
tusintriangular rectangular coordinate sysemisasFig-
ure 3 show, rectangular coordinate system x axisposi-
tivedirectionisthedirection aong opponent court | eft
andrightsideline, y positivedirectionisown party
team | eft Sdeaong net up and downsidelinedirection,

z axispositivedirectionisvertica and upwardsdirec-
tion, originlocationisvolleybal sphere center.

X =

1|
Figure3: Volleyball hit instantaneous spher e center speed
threedimensional resolution schematic diagram

From Figure 3 showed volleyba | masscenter speed
resolution status, it can get three coordinate axis up-
ward component speed relations, asformula(3) show:

v, =V.cos0,

vy =V-cos,

v, =V.cos0, ©)
2 2 2 2

Vo=vi+vy+v;

If it makesfollowing four hypothesizeson volley-
ball after hitting, it can get asformula(4) showed vol-
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leybal kinematical equation.

1) Volleybdl after hitting, norotationexists.

2) Without considering other externa force effects
besdesgravity;,

3) Opponent player hasn’t touched the ball in block-
ing process.

4) Regardvolleybal movement asmovement of par-
ticlewithmass

sy =V-.cos0,-t , s, =V-cosO, -t

sZ=V-cosBZ-t—%gt2 (4)

In formula(4), (s,.s,.s,) represents volleyball

mass center at time t threedimensional space coordi-
nate.

Arrive at expected location mathematical con-
straints

From spikemotion proceeding features, itisclear
that volleyball movement form after hittingisfromthe
top down, whichiscan dsojudgevolleybal masscen-
ter vertical upward movement status, and volleyball in

xoy plane movement only needs one direction drift
angle, thereforein order to definevolleybal movement
gatus, only measuresand getsball instantaneous speed

and 6,0, ,itcanwriteout volleybal kinematica equa-

tion, when sphere speed isfixed, volleyball drift angle
in x axisandthat of z axiswill decidevolleybdl move-
ment trajectoryy in this way it can get as formula(5)
showed solving angular extremum programming expres-
son:

min®, max6, mind, maxo,

st
(L-tg+1y)<s, <(L+1,) (5)
-1, <s, <(L-1y)
H<s,

Volleybd | landingmoment 2z axisdirection coordi-
nate should be— h, establish asformula (6) showed
equation, it can get two solutionswith regard to time,
according to parabolafeatures, it can know the solu-
tionsarecertain onepositiveand onenegative, it should

get rid of negative solution, take positive solution:

—%gt2+v-coseZ ‘t+h=0
U
~Vcos8, ++(V - cose, )? +2gh o
g 6)
—V cos@, —(V - cose, )? + 2gh <0
g

tl=

2=

Analyze subject meaning, itisknownthat cantake

t, solutiony similarly it can get as formula(6) showed

thetimewhen ball vertical height and net height arethe
sane

—%gt2+v-coseZ ‘t+(h-H)=0
U
—Vcos, +4(V - cose, )? + 2g(h - H) o

¢ (7

~Vcos@, —/(V-cose, ) +2g(h— H)
t4= <

g

3=

Smilarlyittakessolutiont,.

Thereupon, itisclear that when hitter volleyball ex-
pected landing pointisback sdelinedifficult defensve
area, constraint conditionisasformula(8) show, ex-
pected |anding point further from hitting location two
laterd sdelines’ difficult defensive area constraint con-
ditionisasformula(9) show, expected landing point
hittinglocationtwo laterd sidelines’ difficult defensive
areaconstraint conditionisasformula(10) show:

(L-tg+l)<v, -ty <(L+1y)
~ly <vy oty <(L=1y)

8

L-1,-1p)s vy, ty<(L-1y) ©
|1SVX~t2

’|1SVX"[1$(L+|1)
Po=lp| vy -ty <1y

~I:I_va'tz

(10)
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L agrangeextremum solution principle
Programming model provided inthepaperisacon-
ditiond extremum solving application problem, thispa-
per adopts Lagrange multiplier method to solve the
problem. If objectivefunction f(x,,X,,---,%,) has m
piecesasformula(11)showed congtraint conditionsand

formula(11) has continuouspartial derivativey then it
can get asformula(12) showed Jacobi matrix:

gi(xl,xz,u-,xn):o,(i=1,2,-~-,m;m<n) (11)
OX; OX, ox,
J=|ox, ox dx
G "1 (12)
m m . %m
ox; 0Xx, ox,

If met constraint condition point areahas Jacobi
matrix rank(J)=m,andthenit can get following two
conclusons.

Conclusion1: If point x, = ()(1O X3, x,?) isfunc-
tion f (x) meeting constraint condiition extremum pointy

thenit surely existsm piecesof constants A, 4,,-+, 4

m

let X, point relationship asformula(13)showsisat work:

grad(f)=A,grad(g, )+ 2 grad(g, )+
-+ Apngrad(g,)

Construct asformula(14) showed Lagrangefunc-
tion

(13)

(14)

leg X1,X2,0Xp)

Then conditional extremum point isinthe corre-
sponding point of al equation solutionsasformula(15)

oL _ o, og _
ox  ox =lox,
gi = (19
(k=12,mi=22-,m)

Conclusion 2: If given point x, :(xf,xg,---,x,?)

and m pieces of constants 4,,4,,---,4,, meet for-

mula(15), it will have matrix asformula(16) showy if
thematrixispogtivedefiniteor negetivedefinitematrixyit
will haveextremum point that meets constraint condi-
tion.
d°L
OX, OX

)

nxn

(Xo.7»1.7»2,~-~, (16)
L agrange extremum method solution result and
analysis

Inorder to apply Lagrange conditional extremum
theory solving angleextremum, it needsto sort out con-
straint condition (8), (9), (10)so as to get angle

Lagrangefunctionform, whichisalsoinput t, and t,

andyticformaswel as\/ andangled, , 0, relationships,
taking back sidelinedifficult defensveareacongtraint

equation as an example, it can get as formula(17)
showed Lagrangefunctionform:

Q:A+B—g(L—I3+I1)
A:V4cosex»[—Vcosez+ (Vcosez)2+29h]

(17)
B:}L[Vw/l—cos2 0, —cos’ 0, »(—Vcosez +(V cose, ) +Zgh)+ glb}

Theninput u = cosé,,v = cosé, intoformula(17)
to solveasformula(18) showed equations, it can get
u,Vv vaue, usethetwo vauescorresponding angleex-
tremumasrangevaue.

Q_oA 0B _,
ou oOu ou
6Q 0A oA 0B oB _
o v ov (18)
oQ _0oB _
o o
TABLE 2: Parameter svaluestable
Parameter Parameter
Parameter Parameter
value value
l, 1.00m H 243m
l, 0.80m \Y 22.50 m/s
l, 1.20m h 350m
g 9.80 m/s’ L 9.00 m
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TABLE 3: Angleextremumresult table

Difficult defensive area 0, minimum

classification

9)( maximum

6, minimum 6, maximum

value value value value
Difficult defensive area one 0.00° 41.34 71.82° 80.00°
Difficult defensive areatwo 41.40° 64.60° 73.80° 90.00°
Difficult defensive areathree 0.00° 84.60° 0.00° 90.00°

Note: Difficult defensive area one, two, three respectively represents back row side line area, further lateral sideline area, nearer

lateral side line area.

Similarly, it canget twolateral sdelinedifficult de-
fensive areaLagrange function, and according to the
sametheory to solve corresponding angle extremum.

Takeparametersvaluesas TABLE 2 show; make
solution onthreekindsof difficult defensiveareaangle
range.

Input above parametersinto Lagrangefunction, it
can solveas TABLE 3 showed threedifficult defensve

areacorresponding 6, , 6, extremum.

Therefore, volleybadll players, if they want to spike
ball in expected location, they can control hittingangle

0., 0, withintherangeasformula(19) show.

{ex e [o.oo° ,84.60°] (19)

0, c [0.000,90.00"]

CONCLUSIONS

It analyzesemphaticaly forward spiketechnical fea-
tures, detailed andyzesrunning-up processbraking prin-
cipleand stateskey action point toimprovehittingin
theair processwhip speed transferring, which provides
theoretical basisfor volleybal players’ technical motion
correction; under reasonable conditiona hypothesis, it
established volleyba | masscenter movement kinemati-
ca equation, and on the basisof kinematical equation,
it utilizesmathemeatical programmingthought proposing
threekindsof sdelinedifficult defensivearealanding
point constraint condition; Lagrange conditional extre-
mum sol ution principleand cal culation steps provide
theoretical basisfor the paper programming function
solution; By Lagrange conditiona extremum solution
principle and this paper established expected landing
point programming function, it put forward hitting angle
extremum solution algorithm, and getsreasonabl e hit-

ting anglerangeunder giving reasonable parameters.
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