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ABSTRACT

In the fierce sprint competition videos, it contains|ots of kinematics data,
these data has very important significances in researching on athletes’
sports rules, however how to extract lots of data from videos is a big
puzzle. The paper applies mathematical morphol ogy-based metallographic
image edge detection algorithm into sprint competition videos, extracts
lots of valuable kinematicsdata. Firstly, the paper introduces mathematical
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morphology basic theories, and then researches on edge detecting relative
theories, finally combineswith mathematical morphology and edge detection
relative knowledge to apply into sprint competition videos, extracts data
from competition videos, which builds databasisfor researching 100 meters
running kinematicsrules. © 2014 Trade ScienceInc. - INDIA

INTRODUCTION

With computer technology and digital image pro-
ng technol ogy rgpidly devel opment, monitoringvid-
eos’ effectsare constantly increasing, peoplenot only
canextract visua information from videos, but dsocan
extract moredigita information, the paper gppliessuch
digita information extracting method by processngwith
videoimagesinto 100 race, withanaim to extract ath-
letes’ kinematicsdata, sothat providesmore scientific
and reasonabl etraining waysand propel sto our coun-
try athletes’ level sadvancement.

For image process ng and reconstruction technol -
ogy, lotsof predecessors have madeefforts, just these
scholars” unremitting efforts, it let imageprocessngand
reconstruction technol ogy to berapidly devel oped, and
widdy appliedintodl waksof life. Among them, Yuan
Ting-Gang (2003) inthe article “First exploration of

Image processing technology applicationin athletics
scientific research” pointed out that image collecting,
getting, coding, storing and transportation, images com-
position and generation, imageindication and output,
imagetrangformation, Strengthen, recovery (restoration)
and congtruction, image segmentation, objective detec-
tion, expression and description, featuresextracting and
measurement, sequentia image correction and others
had widely application valuesin athleticsscientificre-
searcheson competition videosimageresearching, was
an important way in future researching on sports
eventsgY. JiangAi (2010) appliedimage segmentation
and recongtruction agorithminto human body foot skel-
eton research, which madeimportant contributionsto
human body foot skeleton research. Huang Ying
(2012)in the article““Graph theory-based image pro-
cessing and obj ect identification a gorithm research”,
she pointed out that used a gebramultiplegridding ex-
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tracted coarse gridsreconstruction result to makefea-
turesexpression could effectiveimprove correspond-
ingfeatures’ contrast ratio, improvediscriminating abil-
ity, which made great contributionsto graph theory im-
age processing technology!.

The paper on the basis of previous research, ap-
pliesimage processing and reconstructi on technol ogy
into sprint videos, extractslotsof kinematicsdata, with
anamto providedatabasisfor researching our coun-
try athletes’ physicd ability and biological motion law,
so that speeds up our country sports devel opment.

MATHEMATICAL MORPHOLOGY BASIC
THEORY

Mathematical morphology isestablished onthebasis
of strict mathematicstheory, isabranch of gpplied math-
ematics, itstheoretical basisisset theory and geometry
aswdll asother mathemati cstheories, which contains
random set theory, topology, integral geometry, prob-
ability, graph theory and so on, according to set theory
knowledge, mathematical morphology researchedisa
computational method from one set to another set, by
some computing rules, et two setsdatato have one-
to-one correspondence, so that get object more es-
sentia features, apply thethought into image process-
ing, it will produce mathematica morphol ogy-based
image output and analysistheory aswell asmethods.
Mathematica morphol ogy metallographicimageedge
detection agorithmisonetheory and method of them.

Sructural dement and multistagemultiplestruc-
tural element

Computing object in mathematica morphology is
set, proposethat A isimageset, B isstructural ele-
ment, mathematical morphology isusing structurd ele-
ment B tooperatewithimage A . Whenstructurd ee-
ment ismovingintheimages, it can detect imageeach
part relations, taking useful featuresand informationand
arriving at the purpose of imageanalysisand process-
ing. Therefore, result dements selection should follow
bel ow two principles:

(1) Ingeometry, thesimpler structura elementis, the
better would be, and structural elementisfar sm-
pler than origind image and hasboundaries.

(2) Intheshape, to structura e ement, to possesssome
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convexity features, such ascan select round, square
and other structural elements.

Binary mor phology four kindsof basic computa-
tion

Binary morphology four kinds of basic computa-
tionisasfollowingtext formula(1), (2), (3), (4), firstly
define setap,B are nonempty sets,

A = {y|y= x+b,x e A} isgot after set A trandlating

b,set A= {yly=—xxe A} isthereflection of set A,

thenit has.
1.Asaresultof p isexpandedby B:

A®B=UA,= K@), nA]= cI>}={x

3 (x=a+ b)} 1)

beB

2.Asaresult of p isgot corrosionby B:

reB=(rc@8) =B, c A @
3.Asaresult of A isopenedbyp:
A-B=(AGB)® B €)
4.Asaresult of A isclosedby B :
AeB=(A®B)EB 4

Binaryimege f suffered sructurd dement p expan-
sion, corrosion, opening and closure processisasFg-
ure1 show, fromwhich Figure1—a shadow part rep-
resentsbinary image f , Figure2—p shadow parts
representsstructural ement g , accordingto Figure 1,
itisclear that expanson resultisexpanding origind im-
age areas, corrosion result isshrinking origina image
aress.

Expressivemeaning of each letter in Figurelisas
following TABLE 1 show (and hassame meaningsas

A B c
1 1]
D E F

Figurel: Binary imagebasic computing process
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followingtextinFigure2, 3,4). (f@b)st)=  min {f(s+xt+y)-b(xy)}
Metalographicbinaryimage f suffered structural fify o ©)
element g expansion, corrosion, openingandclosure A saresult of image f isopenedbyp:
effect figures are as Figure 2shows. fob=(f8b)® b %
_ TABLEL: Symbolmeaning Asaresult of image f isclosedbyp:
A OETEEIe D Comosonrenlt  fab-(f ®bleb ®
B Structural element E  Openingret Metallographic gray scleimage f suffered struc-
C  Expansion result F Closure result

By Figure 2, itisclear that binary opening compu-
tationturnsorigind image’slungeinto round, it canfilter
convex anglethat issmd ler than structural € ement, cut
down dimlapjoint and play segmentation roles; and
closurecomputation turnsorigina image concaveangle
into round, which canfill with gap or holethat issmaler
than structural eement, joint short interruptionand play
connectingroles. All of them can eliminate specified
image detail sthat are smaller than structural element,
and meanwhileensureit will not generate global geo-
metricdistortion.

Gray scalemor phology four kindsof basic com-
putation
Sa f isinputimage, domain of definitionisD; , p

isstructural ement, domain of definitionisD, . Thenit
hes
Asaresult of image f isexpandedbyp:

(f@b)st)=, max {f(s—xt-y)+b(x,y)}
(i 0
Asaresultof image f isgot corrosionbyp:
1‘:: - . o=
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ety By AN AT |
A ‘KI.J \\@ L 1“ \ L
A B -

T [

3 : §
= B 23
E ety Fhy o Kk cesty Byl
. o -l T
3ty b7 R ,1‘ l‘\i
D E F

Figure2: Metallographicbinary imagebasc computational
effects

tural eement p expansion and corrosion processisas
Figure 3 shows.

By Figure3, itisclear that expansion result isex-
panding origind imageares, it let shiny background parts
to beexpanded, dark background partsto be shrunk,
and corrosionresultisshrinking origina imagearea, let
dark background parts to be expanded, shiny back-
ground partsto be shrunk. Itscomputation effect figure
isasFigure4 shows.

(f®b) (/on)
B(x) f 4
: ; | /
R o R <or — 0 Rir o R-r
B v 1]

Figure3: Metallographic gray scaleimage expansion and
corrosion computational process
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Figure4: Metallographic gray scaleimage basic computa-
tion effects

MATHEMATICAL MORPHOLOGY-BASED
METALLOGRAPHICIMAGE EDGE DETEC-
TION PRINCIPLE

Mathematica morphol ogy-based metall ographic
s, BioTechnology
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image processing principleissimpleand perfect, and
can diminate swimming competitions” weter interfer-
ence, which adaptsto swimming competition videos
datacorrect extracting, mathematical morphology uti-
lizesstructura e ementsto detect every metalographic
image, regard metallographicimageasset. Thesetisa
set that cantrandatein metallographicimagesandits
szeissmaler than metallographicimage. Basic math-
ematica morphology computation refersto computa
tionthat transformsfrom aset to another set, and mean-
whilemakesintersection, combination and supplemen-
tation aswell asother basic set computationswith met-
alographicimagethat asset, and further extract metd-
lographicimageuseful information and features. Itsim-
ageprocessingflow chart IsasFigure5 shows.

Sever al kindsof basic metallogr aphicimage mor-
phology edgedetection oper ator

Set f(x, y) isgray scalefunction that isdefinedin
R20r 72, b(x, y) isstructural element that is defined
in g2or 72, thenit can get following kindsof morphol-

ogy edge detection operator:

Expansontype:
I, =(F®b)-f ®)
Corrosiontype:
|, =f—(f@b) ©)
Expanding corrosion type:
1, =(f ®b)-(feb) (10)
Openingtype:
ly=f—(f-b) (12)
Closuretype:
I;=(feb)—f (12)
Opening closuretype:
lo=(feb)-(fob) (13)
Noise proof expansion combinativetype:
I,=(f®b)-(feb) (14)

By aboveformula, itisclear that morphology edge
extraction operator isakind of nonlinear differenceop-
erator, and extracted edgeisrelated to structural ele-

mentb(x, y). Therefore, mathematical morphology has

been moreand morewidely applied in metallographic
image processing and analysisespecially in metallo-
graphicimage edge detection. It hasaready deepened
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‘ Metallographic original image. ‘\

| Opening closing
Expansion comosion
‘ Stuctural elements

Figure5: Basicthought of mathematical mor phology metal-
logr aphicimageedge detection edgeisrelated to structural

Metallographic

cdee detection

image

element b(x, y) . Therefore, mathematical mor phology has
been moreand more

intodl waksof life

M ultiscaleand multiplestructureelement-based
metallogr aphicimageedgedetection algorithm

Meta lographicimageinterndly tendsto havemore
impurities; thereforeit needsto remove uncorrel ated
particlestructures, so that |et image effective datato
more prominent. Itsagorithm flow chartisasfollowing
Figure®.

Amongthem, thresholdvdue 1 takesmetalographic
Imagegray scal e histogram doubl et valey point or in-
flection point, threshold value 2 issolved by usingitera:
tive approach method that is to take maximum gray
valueand minimum gray value’sarithmetic average
5min

0
Tmax asinitia value L,, then ssgment image,

respectively caculate S , S, averagegray vl ue, assume
they ares, and 5, , and then taketheir averagevalueas

new threshold val ue, subsequently ssgmentimage.. . ... ,
circulateinthisway until new threshold valueto beun-
changed. Among them, Figure 6 threshold val ue solv-

[ Start ]
]‘1

Select the initial threshold value 1

r;—{Li—0}

T
=

[ Image Segmentation I

| 1L
‘ Caleculate &~ &, ]

J L

[Select the new threshold value ]

i=i+1

[ End ]

Figure6: Multiscaleand multiplestructur e elements-based
metallogr aphicimage edgedetection algorithm flow
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ingused formulaisasfollowing:
: 6min +8max
Lo ={Li|l =0}=T an 11
s =l y)(xy)2L, (18)
S, ={lyosiloy)<L} w©
f(x,t)xN(s,t)
% =—'(§L' (20)
PR 3
f(x,t)xN(s,t)
5, =—*‘S§‘X ( )s (21)
N(s,t
f(s%L,
[4]
CONCLUSION
[5]

The paper briefly statesmathematical morphology
basi ¢ theories, and combineswith metall ographic edge
detection method to apply mathematical morphol ogy-
basad metdl ographi cimeageedgedetection dgorithminto
Sprint competition videos, extracts competition videos
lotsof val uabledata. For the edge detection algorithm, it
makesexperiment and provesthedgorithmisobvioudy
superior totraditiona edge detection method; it hasbet-
ter noi seproof functions, more correct extracted edge,
better continuousnessand smoothness advantagesthan
traditional edge detection method. The paper applies
mathematica morphol ogy-based metdlographicimage
edgedetection dgorithminto sportsevents’ competition
videos, which provides akind of new method for re-
searching biologica motion laws, and opensup anew
pathfor future sportseventsresearching.

[6]

[7]
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