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ABSTRACT

Reliability, mobility and operability of the motigmage’s analysis system have a major impact omgkearch and
analysis of sports techniques. In this paper, kietthe national secondary level sprinter as thelstobject, designs
human body joints’ automatic identification systiemsprinter, analyzes the body contour for spriatdy studying
the analysis algorithm is simple and scientifioeg the tracking area of human body contour inntlmion process,
provides the measurement methods of the studytanjecthe mathematical model of the joint pointsagtion,
obtains the discrimination model and processinghmé$ on the special circumstances as the jointheivisible
side into the body contour lines, the blockinghef joints in the invisible side and the effectharid on the hip joint
determination, and provides a scientific basistfa motion analysis and sprint technical improvetsen
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INTRODUCTION

The development of modern science and technologyleoge extent contributes to the progress oftspsmience
and technology; since high-tech tools are widelgdum sports analysis, sports training and athkettnical level
has been significantly improved; in the exercigening using scientific training methods and monitg tools to
improve the effect of exercise training has becaménportant direction of sports development. Ttaémnscientific
exercise training is based on the feedback infdomabf performance monitoring and technical moritgr
indicators; sports biomechanics is to monitor tkereise training from the perspective of technologgnitoring;
and the main means of monitoring are measuringnkaties parameters and kinetic parameters of thietath
during exercise in real time.

For the study of sports analysis system many schalege made their efforts, the study of human @iatitomatic
recognition to some extent affects the developméttie technology; in the field of sprint sporteisenable motion
analysis technology can provide a broader spacthéodevelopment of the movement, and some donsstimlars
give some ideas and conclusions [1].

Wherein: Wang Jin-sheng [2] proposed the matchiitgria and self-adaptive steps production algarmithased on
histograms secondary moment, and applied the #hgorto the human joints’ automatic identificatioh ghot
project; Yu Hong [3] put forward a dynamic meanftshigorithm and applied the algorithm to the idfécation of
aerobics, the algorithm joined the movement infdromaof the target space motion, improved the rofess and
effectiveness of the tracking algorithm, was abladapt to the target identification and trackifighe human body
joint points with a greater range of motion; Liudsyu [4] used a three-dimensional human body maddlapplied
it to the human joint’'s automatic identification weightlifting project; Sun Yi [5] located humamwer limb joints
according to the method of contour line features larks length, and achieved good results [6].
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Based on previous studies, this paper takes 10n@dtsecondary sprinters as the study objectsguaegiutomatic
Identification System of human body joints durin@eeise, analyzes the extraction system of the nuwmoaly joints
in the Sprint process, explores the human bodkitmgcarea, the software implementation processhemétical
models to determine the various joints, distinguasid treatment of special situations, provides aensgientific
theoretical basis for the image analysis in spats, contributes to scientific sports training aaskarch .

Human joints’ automatic identification system modeland software implementation

Currently, we mainly use the analysis system ofrti¢ion video to technically monitor the sportsrinag; but due

to the system has the slow information feedbackapetational complexity and other shortcomingsdileg to be

unable to give the data information that real-timnenitoring needs; so this paper takes sprint stimjgcts, explores
the human body joints’ automatic identification tgys of sprint; the construction of the system nem@dsonable
mathematical models and simple operation prochssfollowing is elaborate explanation for the sprirannequin

and software implementation processes [7].

Human body model of sprint athletes:In the post-process of software image processingshaild follow a
certain percentage to restore the initial sizeheftuman body. In order to study the tracking ahan body joints,
we first need to select the body’s tracking poiatsshown in Fig.1.

Fig.1. Regional tracking and the length ratio detemination of human body contour

In order to achieve the purpose of simplifying tadculation and the validity of recognition, we gltbconduct the
tracking on the nearby area of the feature pomthé movement process. Movement of sprinter hagpbxity, all
links of his body is not uniform motion during egise process; the traditional predicting the mowvetnoé the next
time alone through the movement of previous time baen unable to accurately proceed; moreover én th
identification process special circumstances vplbear that joints of the visible side enter inte tody contours
and joints of invisible side are blocked , the ictpaf hand on hip joint determination, which makbe
identification process disruptive. Thus this adifirst uses the obtained highest point A and Iowweint B of the

body contours to determine the basic positioningafy movement and gain the basic proportions Ielngit, and

then accordingly determine the most pointing CEDF, G, H of the body outer contour, finally comdxdl with the

laws of sprint determine the tracking area of wasigoints in the human body in accordance with dbtained

feature points; For the specificity of each joimtini at each phase, we take a different radiuscamders of the
tracking region for the various joint points at legdase, and carry through self- adaptive adjussriaraccordance
with the consistency of action.

Sprint is a cyclical sport project. In order toifidate the research, the movement can be seernstimgsof complex
steps; and each complex step is re-constitutetvbysingle-steps; each single step is divided ihtosupport phases,
vacated 1phase and vacated 2phase totally threseghihe distinguishing points of the three phaseghe landing
instant of the foot, the lifting instant of the fpthe moment when the lowest point changes fromfont to another
and the landing instant of the foot once again.

The four moments’ feature distinguishing point dhgbe-step three-phases is defined as follows ia th
corresponding image amplitude number:

1) The corresponding amplitude at the ground lifinstant: the vertical displacement of the bodgtoar’s lowest
point changes significantly, this change of theegponding amplitude is beyond the fluctuation scofthe error;
2) The corresponding amplitude at the landing imtstdoe vertical displacement of the body contolmigest point
changes from variation to motionless, the corredpanamplitude is within a certain fluctuations gan
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3) The corresponding amplitude when the lowest tpalimnges from the left foot to the right foot: therizontal
displacement of the body contour’s lowest pointgjes significantly, this change of the correspogdimplitude is
beyond the set scope.

The change condition of the coordinate valuesterlbwest point of the body contour in the vertidiection and
the horizontal direction with the increase of tineptitude number is shown in Table 1; Y represeimsdoordinate
in the vertical direction, and X represents therdotte in the horizontal direction.

Table 1: The data list for the coordinate value chages of the contour’s lowest point

Amplitude numberX Coordina¥CoordinateAmplitude numberX CoordinateY Coordefanplitude numberX CoordinateY Coordinate

1 148 251 11 200 261 21 430 264
2 172 257 12 200 264 22 430 266
3 179 261 13 203 250 23 430 264
4 169 263 14 330 247 24 430 266
5 200 264 15 360 254 25 430 264
6 200 262 16 390 258 26 430 264
7 200 261 17 400 264 27 440 247
8 200 264 18 415 264 28 580 247
9 200 261 19 430 264 29 600 254
10 200 264 20 430 266 30 610 257

The data distribution characteristics of the confowest point’ coordinate values with the amplgudumber are
shown in Fig.2.
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Fig.2: The change trends of the contour lowest poils coordinate values increase with the amplitude umber

In Fig.2 nl represents the corresponding amplitatdehe landing instant at the first time; n2 reprds the
corresponding amplitude at the ground lifting imstat the first time; n3 represents the correspapdimplitude
when the lowest point changes from the left footh® right foot at the first time; n4 represents torresponding
amplitude at the landing instant of the second tine represents the corresponding amplitude whendtvest
point changes from the left foot to the right fadbthe second time.

The software implementation process of human motiomodeling: Automatic recognition software system of
human joints can be operated in the windows opegatystem platform; the system consists of seveduias as
transforming a video into a jitter-free digital iges, importing images, automatic recognition of honoints,
manual modification of specific points, exportingta, quit and help. The architecture of softwargesy is shown
in Fig.3.

Fig.3: Schematic diagram of the software system’sehitecture
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Fig.3, 1-13, means: automatic identification sofevaystems of the body joints in sprint procesmdforming a
video into a jitter-free digital images, importingages, automatic recognition of human joints, nemodification
of specific points, exporting data, quit, help,raxt the contour line of moving human, determine thovement
phase, determine the proportion length, the autiongntification and locating of the human bodgrious joints,
and process specific points.

After importing images, the system can automatjcafiter automatic identification stages of humantgowithout
any manual operation; the identification process smme recognition results of the body joints fackeimage is
shown in Fig.4.

Fig.4: Identification process and identification efect figure of human joint points

Finally, select the data output-> Print basic degports from the menu, you can get the coordinafethe
corresponding amplitude of each joint point.

Mathematical modeling of human body joints’ automatc recognition for sprinter

Study objects and measurement methodsStudy subjects: this paper takes 10 secondarytepsias the research
object, clothing is dark tight-fitting sportsweandadark footwear, and any pasted sign spot doe®xist on the
body, the background color is light-colored of fixeall.

Measuring method: use the measurement principtee@fdimensional fixed point shooting, the shootfreguency
of the camera is 50HZ, and the placement posii@hown in Fig.5.

Fig.5: Schematic diagram of two-dimensional fixed gint shooting

In Fig.5 A represents the camera, B indicates tlanmoptical axis, C represents the runway, D reprssthe
direction of motion, E represents sprinter, F reprgs the original point.

Position A makes the main axis perpendicular tortimvay; the camera head is 30m distant from ahjehachine
height is 1.2m; the field range is 10m; the 10stabjects start running successively and each atlsletint for six
times and its speed is 7m/s or so.

The determination of the human body's joints and tleir mathematical model: According to Hanna Fan
mathematical model the human body can be represéygta mathematical model of 15 links connecteetiogr by
ball hinge joints, the model divides the human bimdy 15 links as shown below.

1) Head - start from head to the seventh cerviegkbra, one;

2) Upper trunk — start from the seventh cervicatelera to the edge of the sternum, one;
3) Lower torso - start from the lower edge of ttexrsum to the greater trichinae, one;

4) Upper arm - start from the shoulder joint cembethe elbow joint center, two;

5) Forearm - start from the elbow joint centertte wrist joint center, two;

6) Hand - start from the wrist joint center to ff@@m knuckles, two;

7) Thighs - start from the hip joint center to &ree joint center, two;
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8) Calf - start from the knee joint center to tinkla joint center, two;
9) Foot - start from the foot nodules to toe, two.

To sum up: 15 links totally determine 21 jointsspectively the head, the seventh cervical verteahelower edge
of the sternum, right shoulder joint, right elbominit, right wrist joint, knuckles of right palm,ght hip joint, right
knee joint, right ankle joint, right foot nodulegyht toe, left shoulder joint, left elbow joingft wrist joint, knuckles
of left palm, left hip joint, left knee joint, lefinkle joint, left foot nodules and left toe.

Using the midpoint method of the shortest distataletermine the seventh cervical points, first med to

determine the two point'sb‘(XA’YA) and B(XB’YB)

C(XeYe)

of the two contour’s shortest distance, and tdke t

as the seventh cervical vertebra point as shovigi®.

Fig.6: The seventh cervical vertebra point

We can obtain the c:oordinat(é:gXC ’YC) of the seventh cervical vertebra point combininthvequations (1).

1
Xe =§(XA+ XB)

1
Yc :E(YA +YB)

(1)

Using the link long method to determine the kneiatjpoint; the basis of this method is in sprinuse, the
longitudinal axis of various aspects of moving hanbady is always perpendicular to the main axithefcamera;
so the length of each part in the image remainhiamged, we should use the fixed link length to mheitge the
coordinates of the joints.

During the time when the athletes drive legs aadldeground and the landing leg is about to landimg knee joint
angle is larger; characteristics of the inflectipmint of the contour line near the knee joint ig nbvious, the
midpoint method of the inflection point cannot lppked to determine the knee joint; Therefore deaeircle taking

A(XA’YA) as the circle center, the Ienng‘FAof the leg as the radius of the circle, and the

B,C

the ankle joint

intersection with the contour line near the kndatjs
considered as the knee joint point, as shown it7Fig

, and the center of the these two intersectiontpas

Fig.7: Knee joint point
The coordinates solving method of knee joint antn Fig.7 is shown in the formula (2) below.

VX=X P+~ = (X=X P+ %) =L,
)
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Similarly, by using the link long method we canaihtthe coordinates of hip point, head point areltiwer edge
of the sternum.

Using the tangent midpoint methods of vertical $inke can obtain the coordinates of the shouldet,jeie first

need to determine the characteristic pdi A'YA)andB(xB’YB) of the contour line at the ends of the upper

EAB

arm; We take poin't:(xF ’YF) that locate® from the poinlA on the line segmevﬁ\B, draw vertical line of
the vertical straight line segmerif?\B , and the straight line is intersected with the toon lines

atC(XC’YC)andD(XD’YD), and the midpoin’tE of the two intersection points is taken as theulder joint
point as shown in Fig.8.

Fig.8: Shoulder joint point

As shown in Fig.8, the coordinates of pcﬁntcan be obtained combining with equations (3).

1 1
XF = XA +E(XB - XA)’YF :YA +g(YB _YA)
‘Yc _YF‘ =‘XB_XA‘ - ‘YD _YF‘
‘XF - Xc‘ ‘YB _Y/-\‘ ‘XF - XD‘

1 1
XE :E(Xc + XD)’YE :E(Yc +YD)

(3)

Similarly, by using the tangent midpoint methodveftical links we can obtain the coordinates ofsivjoint and
ankle point.

Discrimination and processing model of special siations: The human motion has complexity. In the sprint
process special circumstances will appear thatgaf the visible side enter into the body contoamsl joints of
invisible side are blocked, the impact of hand gmnjbint determination. In order to deal with spaases, you first
need to determine when there will appear specialigistances; according to the displacement of itise three
frames for certain joints, we can determine the @moent trends of the joints for the athletes an@rd@he the
unique scope of the current frame; if the jointsentéhe special circumstances, there will be a hligplacement
fluctuations, which makes the displacement beybeddisplacement range determined by the calculati@ncenter

position of the displacement range at tithés calculated as in the formula (4) below.

1
X, = Vn—l(x) [+ E 6\1—1(X)t2

1
Yo = Vn—l(y) i +§ an—l(y)t2
(4)

The relationship in the formula (4) shows thatltdrger the speed parameter is, the larger the lseagion becomes;
whereas the smaller the speed parameter is, thiesrtiee search area is; the absolute value ofattezleration
parameter is not equal, then the search arearsaised; when the acceleration parameter is equalrtg the search
area size keeps unchanged.

When the swing leg of the visible side swings fadviarough the supporting leg, the knee joint, goat and foot
nodule of the swing leg will turn into the contdime of the supporting leg; then these links areoniped by the
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supporting legs, the basis to determine the ohstuint point is that the joint center must bedted on the
vertical axis and the link length is unchanged.

The determination method of the toe point in irbisiside, foot nodule and knee joint point is thene with the
problem processing method of the joints in vistitie into the body contour; the hip joint in inbiE side is always
blocked, and the movement of left and right limts lsgmmetry, we can use the hip point of the visiitee to
calculate the coordinates of hip joint point inigible side; the longitudinal axis of the variowspacts of arm is not
perpendicular to the main axis of the camera inghent process, in the image the arm length ohdatk is
constantly changing, so you cannot use obscuretntent method of the legs; due to the symmetryirab |
movement in the sprint process, the joints in tlsble side can be applied to calculate coordinatbshe
corresponding joint point in the invisible side.

Since the position of the hand is near the hiptjdiand is possible to enter the tracking areadb#grmines the hip
joint; then the intersection points will be threefaur; so compare the length of the adjacent siegments, and take
the longest one as the coordinates that hip janttpeeds; when the hand and torso are superirdptise artwork
can be extracted, set gray threshold to distingsikh color and clothing color, and determine toasea and arms
area.

CONCLUSION

This paper analyzes the tracking area of the baayocir joints and human scale models during spxercise,
provide a basis for building human joints’ autoroatlentification systems; it studies the operajimgcedures of
human joints’ automatic recognition software impémation in sprint sport, demonstrates the recagniprocess
and some human body effect picture of the sprinises advanced cameras, measuring instrumentscantific

measuring method, and provides a good foundatiothfo validity and credibility of the image datadietermines
the body's 15 links and 21 joint points, and giwesthematical model to determine the various joittanalyzes
overlapping images and other special circumstarmstablishes the discriminate model of the spegialmstances,
gives the handling method for situation like thmfe of the visible side into the body contour Enéhe blocking of
the joints in the invisible side and the effectshahd on the hip joint determination, provides ierdific basis for
the motion analysis and sprint technical improvetsien
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