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ABSTRACT

The paper firstly applies Lagrange equations to solve restricted particle
kinetic equations, combines with theoretical formulas to analyze athlete
hand joi nt mechanical movement, and combineswith shoulder joint, elbow
joint mechanical analysis to study on aerobics taking-off, rotation and
other motions. Establish fuzzy comprehensive evaluation model, define
weights, and then establish fuzzy relation matrix, finally calculate. Result
shows that aerobics cooperative ability occupies 30%, innovation
attainment occupies 25%, and aesthetic level occupies 18%. Among them,
cooperative ability, innovation attainment, and aesthetic level belong to
humani stic education and cultivation range, the paper can clearly get that
aerobics such event is a kind of sports discipline with stronger cultural
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atmosphere.

INTRODUCTION

Chinese agrobicsundertakingsarerapidly devel -
oping, research on the aspect of aerobics basic me-
chanicsarefewer; the paper carriesout mechanical re-
search on aerobicsaccording to aerobicsdifficulty rules,
until 2000, Chinatotally published above 1000 pieces
of aerobics papers and textbooks as well as works,
which indicated Chinese research on aerobics was
gradually devel oping, and gradually formed into sys-
tem. By mechanical researching, it explored inherent
law and biological motion law. It included sportsmen
movement speed and body each part muscle move-
ment, movement technical expression of techniqueis
equal toactionform. ASTABLE 1 show.

Secondly, according tointernationa aerobicsjudg-
ment criterion, asTABLE 2, analyzean aerobics ath-
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|ete or an aerobicsteam, utilize evaluation model to
cdculae.

MODEL ESTABLISHMENTS

By Lagrange equations, the paper getsrestricted
particlekinetic equations, from which Lagrangefunc-
tion|_ isdifferencegenerated between system kinetic
energy K and potentid energyp: L -k -p

System Kinetic equation

dl oL oL .
P =l il i=12L,n
IS7i
dt{a& aQiJ

&

Inaboveformula, g iscorresponding speed, ¢ is

kinetic energy and potential energy coordinate, F, is
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TABLE 1: Classification of competitive aer obicselementsof difficulty

Classification of aerobics elements of difficulty

Jumping type
Twisting type
Dynamic motion Inverting type
Leg swinging type
Picked type
Vigorous motion
Balance
Static posture and vigorous motion _ Support
Static posture i
Split
Lift

TABLE 2: International aer obicscompetition rules’ difficulty table

Type of group M otion Quantity Highest difficulty value
Group push up 27 pieces 0.7
A Free fall 29 pieces 0.8
Leg circle and cut 18 pieces 0.6
B Group support type 39 pieces 0.8
C Group jumps and leaps 164 pieces 0.9
D Group flexibility and various 30 pieces 0.6

thej coordinateactingforce, thigh and shank included
angles with coordinate axis are respectively 6,,0,,
lengthsarerespectively |,,1, , distancesthat arm front
and back gravity center position from elbow joint cen-
ter and kneejoint center arerespectively p,, p, , there-
upon it is clear that arm gravity center coordinate
(X, Y,)is

X, =psinég,
X, =1,sin6,+ p,sin(6,+6,)

Y, = p, cos6,

Y, =1, cosé, — p,cos(6,+6,)
Similarly, amgravity center coordinate( X, Y, ) can

asobesolved. Systemkineticenergy E, and system

potentia energy E, expressionsare:

&

1
E :Ek1+Ek2’Ek1:7n1p101

&
E.=7 mzlzg‘z+ mzpz['g +'92) +mz|zpz('%1+ 1 2] C0st,

E,=E,+E,,E mgg(l—cos&l)

p21 =pL =

Ep2 = ngpz[l_ C05(01 + 02 )] + ngll(l_ 00801 )

Writeaboveformulainto Lagrangefunction expres-
sion, by Lagrange system kinetic equation, it can get

hipjoint and kneejoint moment M, andM, as.
e ola e i
MJ [Dy D] 6] Dy Dp| &

ox ool el

Dy D64 ] B

Inaboveformula D, isasfollowing resuilt:
Dy =0 D,,=0 D, =0
D,=m pg
D, = mlpf +m, pz2 + mz|12 + 2”5'1 p, coso,
D, = mzpz2 + mz|1 p,cos6, D, =m, pg + mtll p, cos6,

D, =(mp,+myl,)gsing, + m,p,gsin(6, +6,)
Dy, =—Myl,p,sin6, D,y =
D,,, =—-2my),p,sinb,, D,, =D,,, + D,
D, =m,p,gsin(6,+6,)
Combinewiththeoretica formula, andyze aerobics

athlete hand joint mechani ca movement, and combine
with shoulder joint, elbow joint mechanical analyss.

Establish moment of momentum theorem mode

=myl,p,sing, ,

When apply mechanica conservationlaw to solve
problems, firstly it should sel ect reasonableresearch
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objects, and make correct forceanalysis of researched
objects, secondly onthebasisof forceanayss, refer-
ence conservation law to check problem, finally ac-
cording to conservationlaw, establish equationand solve
problems.

Set | isonerigid body rotational inertia, it suffers
moment |\, acting, among them, angular accel erated

speed £ isconstant, therigid body at t, instant angu-
lar speedisa, , rigid body et t, instant angular speedis

w,,itgesM =15 =1 —wz_twl
2 1

Deformandget: M(t, -t,) = 1 (@, - @,)

Whenwm =m(), ithas: M), -t) =1 (0, -o,)

It gets moment of momentum formula, from
whichM (t, —t,) isimpulsvemoment, | ¢ ismoment
of momentum, fromformula, itisclear that rigidimpul -
sive moment variable quantity isequal to moment of
momentum variablequantity.

In moment of momentum theorem, timeand mo-
ment product isequa to impulsive moment; it repre-
sentsobject rotationa accumulativeeffect under exter-
nal forcemoment effects. Angular speed and rotational
inertiaproduct is state when rigid body rotates. With
external force moment increasing and actingtimeen-
larging, rigid body rotationd state changesareincreas-
ingaccordingly.

When human body moves, human body generated
rotationa inertiaischanging, duetorotationa variable
changes, different timerotationa inertiaisdifferent, set

t, instant rotational inertiais |, t, moment rotational

inertiaisl,, therefore, aboveformulacan be changed
as M()(t, ~t) = 1,0, - 1,)

For human body sports rules, it should meset:
lo=0,) MIt=0

Now it entersinto soaring phase, if human body
meds o, + 1,0, =0

In addition, it should al so meet that human body
rotatesaround |,a, , then tennisservicesportsformis

lengthwise rel ative movement, during sports process,
human body moment of momentum vectorssumiso,
accordingto correlation law, we get that human body
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will suffer areactiveforcethat let peopleto generate
moment of momentum, so that reduce sports process
strength size, soitisbad for sportsstability, butif in
sports process, due to body each part suffered active
forceeffects, it causesrotational inertiaincreasing, so
that it will generate an advancing moment of momen-
tum effect, according to energy conservation law, we
know that now human body similarly will generatea
reactiveforce effect, so that |et human body to move
relativetoball, so that increasearm swinging distance,
concentrate whole body strength to serve.

Inwholesports process, each limb will generate
moment that on the oppositedirection but sizeisthe
same, and every pair can offset, when athlete lands,
solepart rapidly landsto support thewholebody, and
meanwhileit will occur to abdomen contraction, knees
bending and othersto buffer diminished strengthto make
preparation for next motion.

Intheair, angular speed changes, when moment of
momentum remai nsunchanged, rotational inertiawill
reduce with angular speedincreasing, when moment of
momentum remai nsunchanged, rotational inertiawill
reduce with angular speed increasing, when athlete
jumpsand soars, athlete himself can further control ro-
tational angular speed by changing self-rotationa iner-
tia When athletetakes off and arrives at highest point,
athlete shouldtry to adjust body stability, let rotationa
angular speed to reduce as much aspossible, now, ath-
lete should raisetwo legsbackward, let gravity center
to befar away fromrotational axis, and arrive at state
of steady movement.

Fuzzy comprehensiveevaluation model summary

Fuzzy mathematics devel opment hasalready 40
yearshistory up to now, thoughisakind of relativenew
discipline, it hasextremely rich contentsin theory, and
fuzzy mathematicsinvolvesnatura science, socid sci-
ence and other disciplines. Dueto evauationisakind
of human thinking process, itisnot changingin linear,
andfuzzy evauation matrix isakind of important evalu-
ation method.

Utilizefuzzy comprehensiveevaluation, stepsare
asfollowing:

(1) Establishfactor sety :u =(u, U, - U,)
(2) Establish judgment set v/ (evaluation set);
(3) Establish fuzzy mapping from judgment matrix U

Hn Tudian Jounual
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tojudgment matrixy , it getsfuzzy relation asma:

h h = Iy

ln T o0 Ty

trix R shows,

I r r

ml m2 7 mn

(4) Establishweight set A=(a,,a,,:-+,a,) , it meets

conditionsY.a =1 a >0

(5) FuzzyrdationRr every linereflectsthelineinflu-
encefactorsto object judgment extent, and mean-
while, R every column reflectsthe columninflu-
encefactorsto object judgment extent.

r, J=123--m
i=1
B=A-R
T o Ty
:(aiyaz’ag’...,an). ?1 fz 2
fe fm2 " T
=(b.b,.b;, )

Inv , fuzzy combinationisevauationset g . Based
on abovedescribed facts, actua changemodd is:

As Figure 1 show, it gets fuzzy comprehensive
evd uation changemodel, and can establish correspond-
ing every factor grade eva uation transformation func-
tion, evaluation factorsU, , U, , U,, U, membership
functions can beexpressed asfollowing:

u, -k

0.5(1+ ——-1), u >k
@ fmd uzk
k,—u
uy, (u,) = 0.5(1-—+—1), k,<u; <k
k1_ kz
0 , u, <k,
051- Y=k u 2k
u; _kz
k,—u
05(L+ 2= 1) ke su <k
Uy, (u1) = ul _ kz
0.5(1- ——=2), k,<u <Kk,
kz_ka
0.5(1— Xa =iy U <k,
k, -
0, u;, >k,
Ua(uy) = 0.50- KTty <y <k,
2 N3
051+ XUy oy <k,
k, -

—>  B:TUAR

Figurel: Changemodel
Combinewith fuzzy evaluation model to evaluate
aerobicsathlete

Establish factor set U , U=y, u, U, U,). Among
them, aestheticlevel U, , cooperativeabilityU , , physi-
cd trainingU,,, innovationatainmentU , ,itgetsTABLE
> By TABLE 3listed factors, it getseva uation set:
Ul = {ull’ulZ’UIS'uM}

Uz = {u21'u22’u23'u24’u25}

U3:{u31'u32’u33}

U,= {u41'u42’u43'u44}

By collecting dataand andyzing, it getsfour kinds
of factorsimportanceranking statistics, asTABLE 4
show.

By sorting out TABLE 4, it getsaestheticlevd, co-
operdiveahility, physicd training, innovation attainment
four aspectsrank matrix:

U, =1{237,4,0}

U,={7,1880}
U,={0,91312}
U,={30,921

Obtained weighted vector from rank 1 to rank
2. B={p. P BB} ={04,030201
Ui* :Ui 'ﬁT
U; =12, U,=97,U,=6,U,=5

The paper takes normalization process-
ing:U; =0.35,U,=0.3,U;=0.2,U, =0.15

Itgets A= (035 03 02 0.15)

By aerobics performance, it gets remarks mem-
bership, asTABLE 5 shows.
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TABLE 3: Aerobicsathleteevaluation indicator system

Aesthetic level U, Cooperative ability U,

Physical training U,  Innovation attainment U,

Motion aesthetics U, , Tactics strategies U,

Music aesthetics U, Judgment U,,
Formation design U, , Reaction ability U,,
Team shirtsdesigning U,,  Competition experiences U,

Memberstraining U,

Endurance Uy, Motion innovation U,,

Speed U, Formation innovationU,,
Strength U, Team shirts, music U,,
Flexibility U,

TABLE 4: Four kindsof factorsimportance degreeranking
statistics

Classification Rankl Rank2 Rank 3 Rank4
Aesthetic level U 23 7 4 0
Cooperative ability U, 7 18 8 0
Physical training U , 0 9 13 12
Innovation attainment U 4 3 0 9 21

TABLE 5: Remarksmember ship

Set scoresinterval

Evaluation way

0-60 60-80 80-90 90-100
Very good 0 0 0.05 0.95
Good 0 0.05 0.9 0.05
Normal 0.05 0.9 0.05 0
Bad 095 0.05 0 0

By one aerobics athlete each indicator obtained
evaluation, it getsTABLE®6.

By abovemodd, it getssinglelayer indicator weight
factor fuzzy setis.

U; ={U;,,U,,Up, Uy, Uy )= {0.250.250.20.15 0.15)
U; = {U21,U22,U23,U24}: {0.54 0.10.24 0.14}

U, ={Uy5,Ug U, U, j={040.30.10.2)
U

. ={UU,U,.)={030.403)
By TABLE 6, and combinewith TABLE 3remarks
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membership, the paper gets aesthetic level, coopera-
tiveability, physicd training, innovation attainment eech
aspect evaluation st

0
0
0.05
0 0.05
0 0.05

0.05
0.05
0.95
0.95
0.95

0.95
0.95
0.05
0.05
0.05

0
0
=0

1

U
Aesheticlevd

0 005

0 005

0 005
005 09

0.95
0.95
0.95
0.05

0
|0
Cooperativeability 2~ o

0
0 0 0.05 0.9
0 005 09 005

. .. U.=
Physcatraning *"| o 005 09 005
005 09 005 0

0 0 005 09
u,=|0 005 09 0.05
0 005 09 0.05

Innovation attai nment

B=AR
Makenormalization processngwith obtained B , it gets
fuzzy evduaionmatrix:

B, 0.07 0.27 0.13 0.53
g_|B || © 01 04 05
“|B,| |008 046 038 008
B, 014 02 03 036
It gets comprehensive evaluation

vauez-u -B=(018 03 024 025)
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TABLE 6: Aerobicsathlete each indicator obtained evaluation value

Each layer indicator

Evaluation value

Each layer indicator Evaluation value

Motion aesthetics U, Very good Endurance U, Very good
Music aesthetics U,, Very good Speed U,, Good
Formation designU, , Normal Strength U, Good
Team shirts designing U, , Normal Flexibility U,, Normal
Memberstraining U, Normal Motion innovation U,, Good
Tactics strategies U,, Very good Formation innovationU,, Very good
Judgment U, Very good Teamshirts, music U,, Normal
Reaction ability U, Very good
Competition experiences U,, Good

CONCLUSION REFERENCE

Inwhole sports process, each [imb will generate
moment that on the opposite direction but sizeisthe
same, and every pair can offset, when athl ete lands,
solepart rapidly landsto support thewhol e body, and
meanwhileit will occur to abdomen contraction, knees
bending and othersto buffer diminished strength to
make preparation for next motion. Intheair, angular
speed changes, when moment of momentum remains
unchanged, rotationd inertiawill reducewith angular
gpeed increas ng, when moment of momentum remains
unchanged, rotationd inertiawill reducewith angular
speed increasing, when athletejumps and soars, ath-
letehimsalf can further control rotationa angular speed
by changing sef-rotational inertia. When athletetakes
off and arrivesat highest point, athlete shouldtry to
adjust body stability, let rotational angular speed to
reduce asmuch aspossible, now, athlete should raise
two legs backward, let gravity center to befar away
fromrotationa axis, and arrive at state of steady move-
ment.
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