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ABSTRACT KEYWORDS
Sports Video two-dimensional image sequence parsing has propelled Microbial breakdown;
to sports technical promotion to some extent, but people’s demands Crudeoil;
on three-dimensional simulation constantly increase, demandson sports Polluted soil;
images three-dimensional simulation authenticity seem to be more Amended.

urgent. The paper studies on sports video image sequence three-
dimensional dynamic simulation, which starts from image collecting
frameto algorithm expl oration then to computer simul ation authenticity
resultsanalysis, with an aimto verify the paper proposed factorization
algorithm’ssuperioritiesand feasibilitiesin three-dimensional dynamic
simulation implementation. The paper firstly states sportsvideo image
sequence collecting frame design problems, introduces biplane
calibration frame engineering drawing construction, it puts forward
calibration frame precise analysis experiment method and experiment
data. For video image sequence three-dimensional reconstructed
computer simulation principle, it makesdiscussion, and providesthree-
dimensional dynamic simulation mathematical model construction
steps. It analyzes sports features optical flow restoration principle
and athlete human body three-dimensional motion simulation principle,
focuses on introducing factorization agorithm principle features. On
the basis of designing DSP dual processor array algorithm flow,
targeted perspective projection linear approximation algorithm, power
factor algorithm, two-dimensional image sequence algorithm and
factorization algorithm simulation affects data, it makes comparison
and gets the paper adopted factorization algorithm special superiority
in authenticity coefficient, and verifies algorithm feasibility and
superiority. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION athleteslooking for skill level breakthrough orientation,

current sportshigh-tech carriesout penetration through

Makethree-dimensiona dynamic simulationon  moving body three-dimensiona smulation, and shows
motionvideos’ human body of athletes, itishelpful for  strong motion analysis promotion effects. In order to
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improvethree-dimeng ona dynamic s mulation authen-
ticity, the paper carries on algorithm exploration and
simulation anaysisof sportsvideo image sequence.

For video image sequencethree-dimensional dy-
namic simul ation research, lots of people have made
efforts, fromwhich Zhang Dong-Hai (2013) proposed
akind of experiment way through frameautometiciden-
tification precise analysis, which implemented sports
technical analysis’sthree-dimensional reconstruction
frame’scomputer automaticidentification™™; Cheng Jun
and others (2013)designed anewly-devel oped human
body three-dimens ond moddingidentification system,
the system could implement multiple peoplesportsob-
jectsreal-timetracking function?; Li Jieand others
(2013) applied optics hydrodynamics conception rea-
sonable cal cul ation on sports shape foundation num-
bers, carried out binding cal cul ation on shapefounda-
tion number, which promoted human body sportsim-
agesaquencethree-dimengond dynamicamulationau-
thenticity!d.

The paper on thebasisof previousresearches, fo-
cuseson factorization agorithm princ ple tatement, with
the hel p of advanced reconstruction frameandimple-
mentation system, it Ssmulatesand comparesdifferent
agorithms’ gap inthree-dimensiona dynamicsimula-
tion authenticity, which provides better platform for
sportsanaysis.

SPORTSVIDEO IMAGE SEQUENCE COL -
LECTING FRAME DESIGNING

The purposeof sportsvideo image sequencethree-
dimensiona recongtruction smulationtechnology isto
recover from two-dimensional videoimageto three-
dimens ona imagethroughimagefestures. Therefore,
scientific collection of two-dimensional videoimage
sequenceisthebas sof three-dimensional reconstruc-
tion simulation. Inview of sportsanalysistechnique,
computer technol ogy and video monitoring technology
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aremainlyfor athletes’ kinematicsparametersin sports
process, and then by collected data and results after
dataprocessing, carriesout reasonablediagnosisand
evaluation on sportstechnol ogy, in the hope of provid-
ingtheoretical basisfor athletes’ technica improvements
and training process. Yang Nian-Feng (2000)pointed
out that technical analysison human body sports usu-
aly utilized two-dimensional imagesto makethree-di-
mensional reconstruction, and then carried out kine-
maticsand dynamicsanaysi saccording to reconstruc-
tion data®.

In order to provide basisfor three-dimensional re-
congtruction S mulation on sportsvideoimage sequence,
it designsfor imagecollection frame. Adopt biplanecali-
bration frame, itsengineering drawingisasFigure 1
shows, in Figure 1, mark number islocating rod, the
rod can freely rotate, when framefolds, it can rotate

Figurel: Calibration frameengineering drawing schematic
diagram
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Figure 2 : Calibration frame precise analysis experiment
schematicdiagram

TABLE 1: Calibration framepreciseanalysisexperiment data

. . ) .. Rangepole actual )
Range pole direction (coor dinate axis) Range pole calculated length (mm) Relativeerror (%)
Length (mm)
X axis positive direction 740 mm 741.5 mm 0.20%
Y axis positive direction 740 mm 742.3 mm 0.31%
Z axis positive direction 740 mm 737.9 mm 0.28 %
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locatingrod and let it to be parallel to crossing rod.

Apply experiment method as Figure 2 showsto
make precisetest on calibration frame, fromwhich Z
axisdirectionisvertical to paper and outwards, Figure
2 shows camerashooting areas. ASTABLE 1 shows
frame preciseanalysisexperiment data.

By TABLE 1 data, it is clear that the paper de-
signed calibration frame preciseisgood, al areless
than 0.5%.

SPORTSVIDEO IMAGE SEQUENCE
THREE-DIMENSIONAL RECONSTRUC-
TION COMPUTER SIMULATION PRIN-

CIPLE SUMMARY

Niu Lian-Qiang etc. (2007)pointed out that human
body three-dimensiona dynamicsimulationissimul at-
ing human body sports status through computer and
thenredl reflecting peoplesportsstate”®™, Kong De-Huii
(2005)pointed out such human body three-dimens ona
dynamic simulationtechnology iscoreproblem of com-
puter visud field research, which hasextremely impor-
tant significancesinrobot visual system researching,
human body sportstracking and other aspectsresearch-
ing®.

Current sportsanaysisgets more and morewon-
derful, sportsanalysiswonderful degree hasvery im-
portant rel ationsto commentator understood data, and
meanwhile Chinesesportstechnical level area so con-
gtantly developing, whichisclosaly connected to scien-
tificwaysapplicationinanaysssystem.

We know that video image sequencegenerationis
changing red three-dimensiona space object into two-
dimensiona image sequencethrough video camera’s
optica projectionprinciple, if it wantsto makethree-
dimensiona reconstruction onimage sequence, then
firgtly it needsto extract key pointsontwo-dimensiona
images, then carriesout three-dimensional restoration

by imagefeatures, the research providesasFigure 3
showed sportsvideo image sequence computer Simu-
lationprinciple.

InFigure 3, symbol A-JdefinitionsareasTABLE
2 show.

To establish sports videos’ athl ete three-dimen-
sona dynamicsmulation mathematica modd, it needs
todofollowingthreesteps:

STEPL. Set two-dimensiona human body sports
imagedifferent partsshelter parameter, the parameter

usesy;; , fromwhich subscript represents mutual shel-
tering human body part number.

STEP2. Collect human body motion processtwo-
dimensiona imagedataset A , and rank human body
different parts and gain human body partsdataset B,
asformula(1) show:
Afa;,a,,--,a,}>Bfb;,b,,--,b,} 1)

STEP3. In the | two-dimensional human body

sportsimage, the j part key point can useT;; to de-
scribe, apply formula(2), it can establish human body
exercdeingant three-dimensond shapefoundeation, and
useit to makethree-dimensiona ssmulation on human
body sports status.

(pi=(aixbixVi+k2—1)/|2xXiXTi| @
A
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Figure3: Sportsvideoimage sequence computer simulation
principle

TABLE 2: Figure3 symbol definition table

Symbol Definition Symbol Definition
A Normalized sports information collecting F Special sports technical analysis
B Primary data processing G Intelligentized decision-making
C Image preprocessing H Computer shape foundation
D Sports image library I Three-dimensional sports simulation
E Excellent athlete motion techniques information database J Feedback
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THREE-DIMENSIONAL SSMULATION
TECHNICAL PRINCIPLEANALYSIS

Li Jeand others(2013) pointed out that in human
body sports process, three-dimensional simulationis
coreproblem of computer visua technology research,
if utilizetraditiond agorithm to makehuman body sports
three-dimensiona dynamic smulation, thenit cannot
avoid different key points occurring repetitionand los-
ing these drawbacks due to human body different parts
exist seriousshdteringin space, whichleadsto human
body sportsthree-dimensiond dynamic smulation au-
thenticity diminishing®. The paper proposed akind of
improved factorization algorithm, in the hope of pro-
viding morescientific theoretical basisfor sportsvideo
image sequencethree-dimensiona simulation onthe
bassof iminatingtraditiona agorithm drawbacks.

In order to stateimproved factorization human body
gportsimagethree-dimensiona dynamicsmulaiond-
gorithm, start from sportsimagefeatures’ optica flow
sportsrestoration and three-dimensiona sportssimu-
lationprinciple, it makesandyss.

Sportsfeaturesoptical flow restoration principle
analysis

In computer visual field, sportsimagefeatures’ op-
tical flow movement retoration hasplayed crucid roles.
If peopl e use eyesto observe human body movement,
then peoplewill see an orderly image sequence, and
theseimages sequences should flow through human
eyes, itiscalled optica flow incomputer visud system.
Intwo-dimens ond imagethree-dimensiond recongtruc-
tion processthrough itsfeatures, it can apply optical
flow movement restoration method.

Optical flow movement restoration method apply-
ing steps principlesare asfollowing show: if in set hu-
man body sports process, it has apoint (y, z) at mo-
mentu, luminance, whichcanuseJ(y, z,u, ) toexpress

thepoint a moment u,, luminancecanuse J(y, z,u, )
to express, and in casetwo moments’ intervalsareex-
tremely smaller, thenit can useformula(3) to express
two luminance, formula(3) expressed definitionisthe
pixel point luminancewill not change.
J(Y’Z’U1)=J(Y'Z’U2) ©)

If expand 1 (y',Z,u, ) positioninpixel point (y, z)

asformula(4), it can get asformula(5) showed rela
tions, when u, andu, intervalsareextremely small, it

can haveformula(6) showed reations:
I(y’,z’,u2)= I(y +Ay,z+Az,u; + Au)= .J(y,z,ul)

+§Ay++ﬂAz++ﬂAu+h.o. (4)

oy 0z ou
0J 0J A
EAy-H-EAZ-H-EAU =0 (5)
ddy 8Jdz 8 _
ayoutozouou° ©)

. dy dz
Informula(6), varisble W =| " | showsmove-
ment speed when human body liesin pixel point(y, z);
23 83 . ,

Vi = [ay’azj shows gradation gradient when human

0J
body liesin pixel point(y, z); m representsimage

gradation andimagecollectingtimeinterval ratio. Ap-
ply abovedgorithm; it canimplement opticd flow move-
ment restoration process.
Athlete human body three-dimensional sports
smulation principleanalysis

Onthebasisof sportsimageoptical flow restora-
tion, then apply factorization method, it can establish
human body sportsprocessthree-dimensiond dynamic
simulation model. If set human body sportsimagekey
pointscan useformula(7) to describe, thenformula(7)

key pointscomposed matrix canuse X ,;,, toexpress,
fromwhichG showsimage sequenceimagesamount,
Q representsany frameimages’ key pointsamount.

Vik j=112!"'!G

ij k=1,2,...,Q (7)

IfuseT; 5.4, T, 1. respectivelytoexpressthree-

dimensiona structuremodel and rotation matrix estab-
lished by applying factorization method, thenit can get
asformula(8)showed sportsimage shapefoundation,

and asformula(9) showed any image projection for-
mula

L

TJ-=Z:1><J»UTm ®)
e

VisVizr i Vie | [ T U

[le,wjzy...,WjQ =S g'lxime +Ujfp ©)

s LBioTechnology

An Tudian Yourual



1528

Three-dimensional dynamic simulation technology application in sports technical

BTAIJ, 10(6) 2014

FULL PAPER o

Informula(8), X;, representsweight coefficient,

T, represents any frame human body sportsimage
shape foundation, | represents shape foundation

amount, informula(9) §j representsrotation matrix
the j linedementsaveragevaue, U, representstime

interval averagevalue, f =[1,-+- 1], .

In human body sportsimage coordinate changes
handling process, it should transform origina coordi-
nate system origininto the sportsimage mass center so
astoachievethepurposeof diminatingformula(9) U,

and getting image mass center coordinate asformula
(10)show:

S (10)

Carry out overall processingwith G frameimage
al key pointsaccordingtoformula(11), itcanget rela
tionsasformula(11) :

Vii Vi o Vi

Wi Weo e W XS XS o xS [T
11 12 1Q = = Nk
: : - X1S XpS - XS | T2
Vo1 Va2 - Vegq :7 o — (@
oW W X61Se Xe2Se v XelSe LTu
Wy Wgo - Wgq

If makematrix smplifiedwritingonformula(11), it
can get asformula(12) showed three-dimensional dy-
namic s mulaionmodel equation:

X = N oGuaL C3LxQ (12
SPORTSVIDEO IMAGE SEQUENCE HU-
MAN BODY THREE-DIMENSIONAL SIMU-
LATIONALGORITHM FLOW AND SIMU-
LATIONRESULT ANALYSIS

Simulation algorithm flow

The paper adopts DSP to establish human body
mode, it appliestwo DSP processorsthat are respec-
tively TMS320C64X+DSP processor one and
TMS320C64X+DSP processor two, selected camera

BioTechnology — ammm—

collection array iscontrolled by ARM 11 processor uni-
fied ordinate, transfers frame image data to
TM S320C64X +DSP processor oneby databus. Use
TMS320C64X+DSP processor oneto fulfill image
processing algorithm, 2D image reconstruction algo-
rithm and 2D image complementation algorithm, and
findly generate singleframehuman body three-dimen-
sional modeling image, and transmit processor com-
pleted datato TM S320C64X+D SP processor two.

TMS320C64X+DSP processor two extracts 256
colorstrue color camerastream mediasynchronous
datainformation, and applies 3D video flowing recon-
gructionagorithm, thenit canimplement singleframe
human body three-dimensiona modelingimagevideo
flowing recongtruction ca culation, so that generate con-
tinuousframe structure human body 3D modeling data
flow, and finally apply video flowing mediacompres-
sionagorithm, it can output fluent human body three-
dimensiona modeling result. Apply DSPdua proces-
sor array adgorithm flow asFigure4 shows.

InFigure4, number 1-10 expressed definitionisas
TABLE 3shows.

Different algorithmssimulation result compar a-
tiveanalysis

The paper applies TVP5146 video decoder to
obtain 100 piecesof human body sportsimage sample,
and establishesisasadataset, setssamplesimage cap-
turetimeinterval as0.3s, selects 1000 pieces of key
pointsfrom every frameimage, firstly gppliesagorithm

1
2

& Yes
|

Figure4: DSP dual processor array algorithm flow chart
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TABLE 3: Figure4 number definition table

No. Definition No. Definition
1  Video capture Three-dimensional reconstruction algorithm
2  TVP5146 video decoding Whether fulfill three-dimensional algorithm?
3 Depth image processing algorithm 8  Video compression
4 Complementation image processing algorithm 9  Truecolor camera

5  Whether two-dimensional algorithm fulfills or not?

10 Extract frame synchronous data

1perspective projectionlinear gpproximation dgorithm
to carry out human body sportsthree-dimensiona dy-
namic smulation, then appliesa gorithm 2 power factor
agorithmto carry out human body sportsthree-dimen-
sgond dynamicsmulation, secondly gppliesagorithm 3
two-dimens ond image sequenced gorithmto carry out
human body sportsthree-dimensiond dynamicsamula
tion, finally appliesa gorithm 4 factorization a gorithm
to carry out human body sportsthree-dimensiona dy-
namicamulation.

Apply formula(13) showed formulato carry out
authenticity coefficient computing :

imag_err

i =W

[quater (R)]x [quater(Q)x W, +T, ]— w;
Ugj = U
Vi) = VY

(13)

’
Ugj — U

By authenticity coefficient computing, it canget a-
gorithm 1, 2, 3 comparison status, asFigure 5 shows.

InFigure5, horizontal coordinaterepresentsover-
lapping amount, vertical coordinaterepresentscorre-
sponding overlapping pixel numericd vaue’sthree-di-
mengona s mulation authenticity coefficient. Fromfig-
ure, itisclear that algorithm 1, 2, 3authenticity coeffi-
cient valueshavesimilar changetrend, dl arediminish-
ing with overlapping pixel amount increases, and cor-
respondingvaueisrdaivesmilar. ASTABLE 4 shows
that algorithm 1, 2, 3 obtained human body sports
three-dimensiond dynamicsmulation data.

The paper researched d gorithmisfactorization that

’
- VFj

isasoagorithm4, apply agorithm 4, the obtained hu-
man body sportsthree-dimensiona simulationresultis
asFigure6 shows.

By Figure®6, itisclear that in algorithm 4, authen-
ticity coefficient va ue gppearsfluctuant statusin over-
lgpping pixd amount, authenticity coefficient valuecom-
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Figure5: Algorithm 1, 2, 3 simulation result authenticity
coefficient status
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Figure6: Algorithm 4 simulation result authenticity coeffi-
cient status

TABLE 4: Algorithm 1, 2, 3 obtained simulation result datatable

Algorithm type  Image sample amount

Selected key points amount

Authenticity coefficient average value

Algorithm 1 120 950 0.73
Algorithm 2 135 920 0.75
Algorithm 3 132 952 0.78
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paresto dgorithm 10203, it hasobviousimprovements,
itsaverageauthenticity coefficient valuearrivesat 0.92,
algorithm 4 gpplied imageamount is 140, selected key
pointsamount is 925, therefore the paper applied fac-
torization agorithm haslarger superiority.

1)

2)

3)

4)
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CONCLUSION

The paper firgtly statessportsvideoimage sequence
cagptureframedesigning problem, introducesbiplane
cdibration frameengineering drawing congtruction,
providescdibration frame precise anaysi sexperi-
ment method and experiment datathat buildsbas's
for camerascientific capturing video data.

Then writer makes discussion on video image se-
guencethree-dimensiond reconstruction computer
simulation principle, it putsforward three-dimen-
siond dynamic s mulation mathematica modd es-
tablishment steps, which provides guidance for
three-dimengona smulationtechniquesagorithm
desgning.

Secondly, analyze sportsfeatures optica flowing
restoration principleand athlete human body three-
dimensional sportssimulation principle, focuson
factorization dgorithm principlefeaturesintroduc-
ing, which providestheoreticad basisfor sportsvideo
image sequencethree-dimensiond dynamicsmu-
lation.

Findly, design based on DSPdual processor array
agorithmflow, targeted perspective projectionlin-
ear approximation agorithm, power factor algo-
rithm, two-dimens ond image sequenceagorithm
and factorization dgorithm smulation effectsdata,
it makes comparison, getsthat the paper adopted
factorization dgorithm specia superiority in authen-
ticity coefficient aspect, verifiesthea gorithm feesi -
bility.
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