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ABSTRACT

Along with the introduction of digital technology in the process of sports
training, the level of competitive sports training in our country has been
improved greatly for quite along time, which provides guarantee for the
conservation of the Olympics. However, in aconsiderable range of wushu
teaching, coaches usually draw their eyes and experiences on technical
guidance for students, which might conduct negative effects on the
development of martial arts. Based on the three-dimensional simulation
and video analysis, questions such as global motion estimation, the
extraction of the video moving object and human motion tracking in video
analysis are put forward in this paper. According to the theory studies on
the modification and design of three-dimensional human motion simulation
exercise, this paper might provide a broader platform for martial arts
development in our country, and provides a theoretical basis for better
applicable domain of the three-dimensional motion video technol ogy.

© 2013 Trade SciencelInc. - INDIA

INTRODUCTION

Thevideo based human motion analysistechniques
aswell asthree-dimensional computer modeling and
smulation technology isakey technol ogy to maintain
and improvethe sport achievement, itsoverall goa is
to study sportstraining oriented three-dimensiond hu-
man motion amulation and video andysisand other key
technol ogies. Suchtechnol ogieswill beusedinthe 29th
Olympics by Chinato study the advantages and pro-
Spective advantage of thediving and gymnastics, tram-
poline project and other projects. Thevideo anaysis
and researches play avery important rolefor raising

the level and maintaining the achievements of these
projects. By theintroduction of three-dimensiona hu-
man body s mul ation and video andysistechnology into
wushu teaching, our “quintessence” can be carried for-
ward. Three-dimensiona human body motionandysis
needsto solve thetwo problems of movement infor-
mation acquisition and movement anaysisinthepro-
cessof implementation, thevideo based human mation
tracking and three-dimensional reconstruction arethe
goals of thetechnol ogy in sportsteaching, this study
a so can promote the complex wushu routineteaching.
Based on the study of the video analysis and three-
dimensiona human motion smulation technology, this
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paper providesatheoretical basisfor the combination
of wushu and computer technol ogy.

For video andysisand 3D humanbody motionsmu-
|ation technol ogy, alot of people have made contribu-
tionson them, beside thetwo technol ogies are accom-
panied by the devel oped of thefindings. Based onthe
predecessors’ research of video analysis and three-di-
mensond human body motion smulaion anaysistech-
nol ogy, and by combining thetechnol ogy with wushu
teaching, thispaper providesthetheoretica foundation
for the combined devel opment of both.

THEVIDEOANALYSISTHEORY

Theglobal motion parameters

Wushu videoimage usudly containsthetwo kinds
of motions: globa motion andloca motion. Themove-
ment of background caused by the camera’s motion is
called thegloba motion; themovement of background
caused by theathletes’ action is called local motion. In
video analysis, thekey of the synthesis of the body ex-
traction and movements, panorama is the accurate
achievement of thegloba motion parameters.

Usngthesx parametersof theaffinemotion model
can represent globa motion and itsmathematica modedl
isshowninformula(l)

J'x =ax'+by' +e

ly =cx'+ady'+ f @)
Informul(2), (x, y) isthecoordinateof the current
frame, which is represented

by pthen p = (x,y) . (X, y') isthecoordinateframethat
is corresponding with point
namely ' =,y (a.b.c.d.e.f) aregloba motion param-
eters a.».c.« mean rotate and zoome. ;- mean displace-
ments.

Thecontour extraction of color gradient

Firstly, based on the dynamic background struc-
ture technol ogy of the foreground separation, using
multipleframesdifferencesto separate of foreground
areafromtheimageand usingthecurrent frame’s adja-
cent backgroundinformation of multipleframesthat are
beforeor after the current frameto construct an accu-
rate current background. Secondly, Removing the seg-
mentations that show the background effectively by
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getting the segment the moving object through theback-
ground dimination. At thesametime, checkingthestatic
prospect areaby using thetemporal information, and
combining it to the object region, then acomplete ob-
ject areaisobtained. Hencetheirregular movement’s
influence on the segmentation accuracy of theobjectis
overcome. Findly, viewing the edge of theobject area
astheinitia position, using the colour gradient for ex-
terna energy active contour agorithm to obtain accu-
rate movement of the object contour.

Ifﬁ isthecurrent frame, then|z,¢ =k -1....k+ 1), isthe

Continuousimage’shz -1 frames, inacontinuousframe
image, if thereareL framesbeforeand L frames after
theframel, ,thenthereare2L+1framesintotal, the
globa motion parametersbetween adjacent framesare
respectively: 6i-rsz-6irers , INOrder to construct the
background of | , transformation parameters ¢ should
becalculated, and |, should be put to theright place of
thecoordinate of | , therel ationship of global param-
etersisshowinformula(2) :

6, =(1.0.0.1,0,0)
0,=6.,; 6. 1
Hi = 6}5—1.1 ’ 9}'_1'1—1 If

Then disobtained, asfor each P of the constructed
background, the corresponding pixel P, of 2L+1 frames
image can be calculated by inverse mapping, so that
thevalue of P inthe background can be constructed by
using the 2L+1 frames. Through the usage of multiple
framesdifference and preliminary separation of fore-
ground and background, and the usage of the redun-
dant information of adjacent imagesin abackground,
theaccurately current background can be constructed.

When the background of the current frameiscon-
structed, then the constructed background i be elimi-
nated from current frame, and using thelinearizationto
segment themoving object region rapidly. Dueto the
effectsof all kindsof noise, the segmented edge area of
the object isnot accurately fitsthe moved object con-
tour, so colour gradient based active contour algorithm
Isadopted to extract the more accurately contour.

e
)

i>k

Shapemodel videotracking

Thevideotracking method can begenerdly divided
Into shape-mode -free method and shape based model
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method. Shape based model method ismore suitable
for the observation and interpretation ruleon externa
things. In this method, priori human body model is
adopted to represent the observation targets, then the
observed vaueconstantly will be corrected inthelater
tracking processto correction, finally theinformation
(position) provided by the can be got at any time, as
the 2D human body model showninFigure 1.

chest

left knee
right_knge -

right ankle left _ankle

Figurel: 2Dhuman body model

AsshowninFigurel, therod of graph represents
the basic skeleton of human body, in the process of
tracking; motion model isused for predicting the next
frame’s posture of the current frame’s posture. In this
article\ thesecond-order autoregressive processmodel
is adopted, assuming that each state parameter per-
formsauniformly accel erated motion, the mathemati-
ca model cam beseeninformula(3)

X, —X =X, —X_,+tnw )

Informula(3), », standsfor the noise component
W._obeys to the Gauss distribution with zero
meany’which can be obtainin amore complex motion
model by BPneura network agorithm.

In order toimprovetherobustnessof tracking, in
thispgper, two kindsof measurement metric areadopted
that are color and edge. HSV color spaceisused for
the color histogram; the histogram intersectionisused
for measuring themodel histogram and the predicting
thesimilarity of the histogram. Edge character usesthe
gray gradient values of theimage, thefirst stepisto
convert color imagesto gray image, and then calculate
the projection gradient of the model ontheimage, be-
sidesconsider thegradient direction at thesametime.

If the sate of astate vector meetsMarkov, thenthe
tracking can be presented by the bayesian filter, as
shownintheformula(4)
px)z.)=plz|x,)

J- p(x: |.\",_1 ]P (.x.'—l |Zr—1 ;]dxr—l (4)

Informula(4), [x.=(x.%.-x.).2, ==z Denote
t Moments before the state vector and observations,
state vector and the observed va ue before the moment
of respectively, when the moving model si plxx,) and
rlx[x..) areobtained, the posterior probability»(.|z) can
be cal culated through formula(4).

The modification and design of the tree-dimen-
sional human body

The human body isarigid body model of amulti
degree of freedom, themovement of therigid body fol-
lowsthemechanicsprinciple, inorder toredizethere-
disticamulationresults, theoretical study onthehuman
body’s structure of muscle and skeletal and moving
mechanics is necessaryytheoretical analyses of the
modification and design of themovement, thearrange-
ment of thes mulated movement and the contest of the
simulated movement and video training contrast andy-
Ss

First of al, selecting theinitia frame, establishing
bones and virtual point system that matchesthe cap-
tured. Onthebas sof optimization ruleof theminimum
distance between virtual landmarksand real punctua
tion, cd culating themovements of thebones. Themo-
tion dataobtained will produce noise, and themove-
ment isnot smooth, hencethe post proceedingisneed.
Inorder to get the smooth movements of the bones, the
quaternion linear timeinvariant filtering systemisob-
tained inthispaper. Secondly convertingthe Euler Angle
datainto the corresponding quaternion, and mapping
the quaternion to tangent space by logarithmic algo-
rithm, then using invariant filter for filter in the target
space, finaly mapping back resultsto the quaternion
gpaceby using theindex cd culaion, then conversethem
into Euler Angledata.

Inorder tofacilitatethecompletion of thevisudiza-
tion of interaction design, viewing thebody motionas
moran(r) , theold postureis poswure(r,) thenthemodified
postureis posnre'(,) , Selecting the corresponding rigid
body inthe XxY user’s windows by using the mouse,
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andintheprocessof dragging themouse, thevariations
indirectionarejx. and respectively. Accordingto Euler’s
theorem assuming therotation process can be presented
by usingtheEuler Angle|a. 5.;) in?¥ direction, then all
variablesmeet formula(5)

[ . aAx  (1—a)Ay

[sing=—=—"=

1 X b

Jsin A= L%Y = (1 _Zi)A»"

YT (5)
|sin = cAv _ (1-c)Ay

| X Y

a,b,caretheinfluence degrees of jx+and|x, on Euler
Angleinthethreedirectionsof respectively. Based on
theformula(5) Euler Angle can be obtained, asshown
informula(6)

alx+ (1—a)Ay

X+Y
bAx+(1-b)Ay

X+Y (6)
cAr+(1-c)Ay

X+Y

¢ = arcsin

¢ B = arcsin

¥ = arcsin

Thenew posture|peswr(r,) 1S set duringthe proce-
dureof Euler Angle computation. And thenan offsetis
gain by the new mapping technology. Thefirst tepisto
calculatetheoffset at themoment t , asshownin (7)
‘l’d (t,)= postur e'(t,) — posture (t,)

1 postur e'(t,) = (po (1), qo (1) q,(2,)) ™
| posture (1) = L B (81 0 s (2, ))

The second stepisto calculatethe of fsetsat other
moments according to the Figure 2, the movement off-
set that correspondswith) eri0n(r) Can beobtained as
showninformula(8), then overlay the movement off-
setstoitsoriginal motion| yerion (1) , ANEW moron'(r) 1S
obtained, asshownintype(9)

posture'(t,)

A 4

T £ L L, T

K

Figure?2: thestructureof offset

d(t)={d ,(t).d,().....d (1)) ®)
motion'(t) = motion(r) ® d(.f)
O+ do (0.7 + doDrn? +d, @) O

Concluson: human body inertiaparameterscan be
predicted according to the athl ete body parameter char-
acteristics, whichisused to determine the moment of
inertiaparametersof Newton Euler mode, get person-
alized equation, and verify therationality of the new
movement according to the equation, so that, themodi-
fication and design of movement can be completed
through visud interactionsof design, motion validation
and feedback.

COMPARINGALGORITHM OF
STIMULATINGMOVEMENTAND
TRAINING VIDEO

Asthe main data storage medium for wushu rou-
tine practice, video describesthe geometric attribute of
movement, and thevideo stimulation of routinemove-
ment reflects human motion changesin physical prop-
erties. Inthisarticle, thewriter usesfaseand trueiso-
morphism agorithm to establish themapping relation-
ship between the geometric properties and physical
propertiesof wushu routine movement and to construct
avirtua camerabased onthe 3D stimulating result to
makeitspoint of view just beat thesamepostionwhere
the shooting video camerawas, thus to set up a3D
stimulating movement basaed onthewushu routinemove-
ment video viewed at the same position which make
people do video anaysisthrough 3D motion stimula
tionanaysis. It can achieveabetter effect.

Theexternd parametersof camerareflectthesingle
transformation rel ati onship between the cameracoor-
dinate system and theworld coordinate system. The
rotation matrix R and trandation vector T congst of the
parameters. Usually, theexternal parametersof cam-
eracan be achieved by calcul ating basismatrix Fand
essential matrix. Thewriter uses 3D reconstruction of
feature pointsto achievetheinformation of externa
parameters of camera, and uses stimulation model of
thecamerato do the 3D recongtruction of featurepoints.
Through thestimulation modd , the 3D information can
beresumed fromthesingleimage.

Suppose thetwo directionsarenamed X and Y.
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Establishtheright-handed coordinate OXY Z. Suppose
the origin position of the human motion overlapsthe
overall coordinate system. Pick up three-fixed point
from thewushu routine practi cevideo and expressthem
85 i) p,wv) plw.v,) . Through cameraorthogond pro-
jection model the three fixed points can be mapped
into the 3D space. Theorthogona projection modd is
asfollows

, , JX)
fuy (1 0 0}
‘ ‘:Sl\() 1 0J| “
» \Z)
Informula(10), *¥? areexpressed asthepointsin
3D spacep,,p,.p,, incameracan be mapped into the
spaceas. p,,p,,p,According to the dot product of or-
thogonal vectorsbeing zero, therelationship can be
achievedinformula(11):

(10)

\v)

(1)

0

Rl
1
[-_.

Informula(11), L, L, areexpressed asthelength
and width of the selected region. According toformula
(112), therelativedepths|z-z/ and. iz-z Thusthe posi-
tion of thewushu routine practice canbefindized. The
3D stimulating motion can be shown fromthe point of
view inthevideo.

CONCLUSION

The three-dimensional human body movement
simulation agorithm of wushu exercisesisandyzedin
this paper, and more appropriate analytical toolsfor
thecombination of 3D smulaiontechnol ogy dwithvideo
analysisof our country’s martial arts development are
provided;

Through recondructionagorithm, traningvideoand
3D smulation video can be combined together, which
can providetheoretica platformfor exactly reflection
of wushuroutine;

Thedgorithm provided in thispaper canbeimple-
mented on the computer, and thewriter hopesthat the
development of martial artsin Chinacan develop to-
gether with computer technologies.
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