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ABSTRACT

For the “walking step” movement in square dance, this paper conducts
kinetic study to explore the mechanical characteristics and the fitness
value of the project. First the human body can be seen as system composed
of the 17 rigid bodies; it uses the oval shape to present the human body’s
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multi-rigid-body topology, builds systematic kinetic equations for the 17
rigid bodies, and finally conducts the simulation calculation during the
walking step process. Through data simulation results, analyzing the
kinetic parameters variation for various parts of the human body during
“walking step” process provides theoretical discussion for the video
learning of square dance. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

In the square dance thereis amovement called
“walking step”, that is the coordinated waking in the
stepping dance process with music, the paper studies
thekinetic of themovement. For the human multi-rigid-
body model, many people have madeefforts, and their
effortsresults have made acontribution on the biome-
chanical research and video simulation of Square
Dance.

Inthispaper, it studiesthewal king step movement
in Square Dance, establishesamulti-rigid-body model
of thehuman body, then establishesakinetic equations
of the human multi-rigid-body system accordingrigid
body movement, finaly exploresthekinetic character-
isticsof Square Dancethrough thesmulation datadur-
ing humanwalking step process, and studiesthekinetic
characterigticsinthewaking step process by thesmu-
lation dataof walking step.

KINETICSMODEL OF HUMAN BODY

According to anatomically principle, the human
body isdividedinto anumber of separaterigid bodies.
Each rigid body has mass, moment of inertia, centroid
and other physical propertiesof quantity and quality of
the heart. The adjacent rigid bodies are connected by
hinges. A pplying the spring to theconnection point, then
muscles, ligamentsand othersare equivaent to damp-
ersto simulatetheeffect of the soft tissueonthe adja
cent rigid bodies. Based on the aboveanaysis, the hu-
man body can be simplified asamulti-rigid-body sys-
temwith finitenumber of freedom degrees, the human
receivesthe combined effects of externa andinterna
forcesinthemotion process, thekey in multi-rigid-body
Kinetic researchiscomputing aset of congtrainingforce
to maketheobject’ exercise be appropriate for a given
constraint, and thispaper usesR. L. Huston 17rigid
body model.
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M odd assumption

1 Assumingthat thehuman body iscongtituted by 17

rigid bodies, namely: head, neck, upper torso, lower

torso, pelvis, right hand, left hand, right upper arm,

|eft upper arm, right forearm, left forearm, right thigh,

left thigh, right calf, left calf, left foot, right foot;

Assumingthat thejointiskinematic pair;

3 Assumingthat the body will not appear deforma-
tionsduring movement;

4  Assuming that the muscleforce doesnot produce
control action onthemovement.

N

Thetopology structureof human’smulti-rigid-body
model

Thetopology structureof human’s multi-rigid-body
modd isshowninFigurel:

Head

Upper trunk Neck

The left arm The rightarm

Left forearm

Right forearm
Left hand Right hand
Lower trunk Pelvis
Left thigh Right thigh
Left leg Right leg

Left foot Right foot

Figurel: Multi-rigid-body modd of the human body

1 InFgurel,thetopologica relationsbetween vari-
ousrigid bodiesareasfollows:

2 Theneck and lower torso haveflexibleeffect and
therefore head and neck, neck and upper are con-
nected by the spring, atotd of threelinear displace-
mentsand three angular displacements;

3 Thelower torso and upper torso, lower torso and
pelvisare connected by the spring, atotal of three
linear displacements and three angular displace-
ments; Kneeand anklejoint aresmplified asrevo-
lutepair;

4 Waist, shoulder, elbow, wrist, hip and other joints
aresmplified asspherica pair.

To sumup: Thefreedom degree of the human body
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model is17 x 6-4 x 5-9 x 3 =55,
Kineticequation
Inthemulti-rigid-body model system, the centroid
of anyrigidbody B, (i=1,2,3,---,17) intheinertia coor-
dinatesystemisr, =(x,,y,.z )", theEuler angleof the
relativeinertia coordinatesystemisp, = (,.6,,9,) . the
generalized coordinate isq, =(riT,piT ), the angular
velocity w, of therigidbodyB, (i = 1,2,3,---,17) isshown
informula(1) below:
o, =Bp, (1)
The B, Formula(1) representsthe coordinatetrans-

formation matrix between reference coordinate system
andtheinertial system of therigid body’s centroid is
showninformula(2) below:

sin@sing 0 cosO
B, =|cos@sing O —sin@

2
cosd 1 0

Thematrix formof rigid B, isinformula(3) asbe-
low:

T, =%r’iTmir'+%a)iTJi(oiT ©)
InFormula(3) ¥, representsthe centroid speed of
therigid body, r, representsthecoordinatearray inthe
inertial base, o, representsthe angular velocity of the
rigid body, @, representsthe coordinate array inthe
connected system, m representsthe 3x 3massdiago-

na matrix of therigid body, J; representsthe moments
of inertia of therelative centroid for the rigid body,

J, representstheinertiamatrix meansin the connected

system, by theformula (1) and formula(3) the Euler
angles’ expression form of kinetic energy can be drawn
intheformula(4) below:

T, =%r’iTmir' +%pIBTJ.B.p ()

Writethesix multipliers’ Lagrange equations cor-
responding to the six generalized coordinatesfor each
rigid body, asshowninformula(5) bel ow:
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To sum up: According to thekinetic equationsand

oT, ! oT, ! congtrai nt equationsweobtain completeand systemétic
d |\ or, of, ol Q. adgebraic-differential equations; for such equationswe
atl (s o Y + { ¢;J = {QJ 5 had better use order-variableand step-variableintegra-
(a—p:J [a—p:J tion methods, namely Gear method, which appliesboth

tosolvethenon-rigid differentia equation, but also ap-
TheLagrangemultiplier arraya, of Formula(5)is Pliestoanaogrigid system.

showninformula(6) below:

A :[7‘1 Ay oo 7"6><17]T (6)

TheQ,.Q, inFormula(5) correspondstothegen- Taking theadancer of square dancefor example,

eralizedarray of r,,p; , ¢/, representsthepartial de- we conduct smulationcal cu] ationduringthewaking
processonthedancers’ various parts’ mass of the

EMPIRICALANALYSS

rivative of theleft partsof the constraint equationsto

thegeneralized coordinates. TABLE 1: Thebasic parameter sof thehuman body model
Generdized angular momentummatrix isdefinedin Vari M oment of rotational
: arious ; inertia
formula(7) asbeow: segments Quality I I I
aTi T . XX yy ys4
=% =BiJBP (7) Head 422 30165 31760 19141
| Neck 130 2594 2594 1851
) fThef(I’"%u'_a@Cmbeconvmedmformu'a(g) B heuppram 150 11800 12180 1582
theformula(8): Forearm 075 3063 2059  7.25
(a T o\ Hand 038 523 5228 28l
T“ 5 ] 1 =m i pelvis 825 13302 1183.80 389.46
< - thigh 816  866.67 88366 142.38
( o1, j o ®) calf 233 17535 17912 1971
or, Foot 087 8940 10041 22.88
, UPpertorsd 4513 120001 69517 1076.31
mir.+¢:—ik=Qri iectlont
ower 1orso
! _ / 6.97 173170 158420 798.66
ri—ZL+ duA =Q ©) section
P

TABLE 2: Theconstraint angleof lower limb joint
Through the seventeen formulas (9) produced by

the seventeen rigid bodies, we can draw the unified jgmg Pelv'(s:(fn"ndeé?égh are To?ﬁte '?Qi':]'te
matrix form of system kineticequationsasshownin =~ xge ™ 4. 4 Ve 4 v,
formula(10) below: theaxis  Z, X, Y, X, X,
Mi+¢'A-Q, =0 Min -30° -120°  -40° 0° -30°
l.,_a_Ter)“_Qp _ 0 Max 50° 15° 60°  135° 30°
ap (10)

F_BTBp =0 body, moment of inertiaand, the constraint angle of

TABLE 3: Theconstraint angleof upper limb joint

Name Pelvisand thigh areconnected Head and neck are connected Wrist joint Neck and tor so are connected

Angle 6, P Yn Oy Iy ¥Yn q Vw e Ve
the axis Z, Xy Y, Z, Xy Yy Xow Yo Xg Ys
Min -40° 100° -90° -90° -50° -30° -70° -10° -30° -60°
Max 100° 50° 90° 90° 50° 30° 70° 30° 30° 0°
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upper andlower limbjoint. Theca culation results
includethebasic parameters of the human body
model, the constraint angle of lower limbjoint, the
congtraint angleof upper limbjoint and height varia-
tion of thesupporting leg.

Theanimation key frame of dancers’ walking a
cycleisshowninFigure2:

Figure2: Theanimation key frame of walkihg acycle
Theheight variation of thedancer’s supporting leg
inFigure2inacycleisshowninFigure3:

h/m

01— . hip joint

005 r=cmrmeme=="""" S knee-joint

ankle joint

¢ 05 10 15 20 25

t/s
Figure3: Height variation of thesupportingleg

CONCLUSIONS

Theactud dataanaysisshowsthat, in accordance
with kinetic equationsand constrai nt equationswe ob-
tain completeand systematic a gebraic-differentid equa
tionsuse order-variableand step-variableintegration
methods, namely Gear method, whichwell explainsthe
kinetic characteristics of the square dancers during
walking process. Thismethod appliesbothto solvethe
non-rigid differentia equation, but also appliesto ana
log rigid system; the s mulation cal cul ation showsthat
the quantity variation of various segmentsduring the
walking step processis reasonable. The established
mathematical model can not only well explain theki-
neti c characteristicsof Square Danceduringthewalk-
ing step process, but al so can be applied tothestudies
of other human body kinetics.
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