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ABSTRACT

The continuous development of computer technolagdyirgernet technology promotes the improvemeahafysis
techniques on sports image and video files. In fwak sport, being able to quickly extract usefofarmation
receives more and more coaches and sports resaatcteention, also in image analysis of volleyb#le demand
is also growing day by day. In this paper, for tretection technology of mesh belt and volleyballdleyball scene
it conducts status analysis, first it introduces #hpplication of the traditional Hough transform inesh belt and
volleyball detection, and then analyzes the shoniogs of traditional Hough transform algorithm apdoposes
improvement direction for the algorithm aiming hetdefects of the characteristics, explores theromgxd linear
transform and random Hough circle transform, andaaéxplores the improved Hough circle transformogtgm
combined with self-adaptive search algorithm, amélgzes the advantages and detection effects afrtheved
algorithm, provides a theoretical basis for theoimhation detection technology of volleyball scegeh®e analysis
process and research findings in the text.

Keywords: Hough transformation; threshold, random houghie€itt@nsformation, self-adaptive search algorithm.

INTRODUCTION

The technological development of volleyball is ipgeable from the research of all scholars, alsonaate
separated from the development of computer teclyyploomputer technology with its unique high andbrsg

computing power, makes the information analytiesults of sports video and images made great inepnent; in
volleyball the detection technology with volleybathd mesh nets in volleyball scene helps to imptbeeanalysis
on the spiking and the padding technology[1]. Foe improvement technology of image information dete

algorithm and Hough transform many scholars haveentiaeir efforts, which has certain role on theali@gment of
sports image and video analysis techniques anérthancement of volleyball technology; some domestimlars
have contributed some of his views and findings.

Wherein: Bo Chang-bingt al [2-4] proposed a method to detect circular PCB KMlay Hough transform, the
detection image continues to the threshold transf@nd use an area to segment, separated Marknragb the
background from noise, calculated the center ofkMagion, the accumulate range of the circle cefteHough
transform was limited near this area; Tang Minalef5][6]on the basis of expectations on the samplember of
smallest point set this criterion, compared the twethods of the random Hough transform and Tabuckea
algorithm, obtained that the Hough transform isaligusuperior to the Tabu search, from the simatatand
experiment of actual images, when the extractedhipivie correct rate is the same the random Houghsform is
1-2 times faster than Tabu algorithm; Zhou Fengal [7], calculation and analysis of image detectiansteel
storage site demonstrated that random Hough trams&dgorithm can accurately position on the stepkpand
identify number in higher interference, and muslaklded steel pipe can be accurately identified to
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Based on previous studies this paper conducts dsea the detection technology of mesh belt ariteyball in
volleyball scene, analyzes the application of tradal Hough transform algorithm and improved Hotginsform
algorithm in the mesh belt and volleyball detectimnorder to provide a theoretical basis and dgw@lent detection
for volleyball scene detection technology by thgoaithm research.

2. THE APPLIED THEORY OF TRADITIONAL HOUGH TRANSFOR M IN MESH BELT AND
VOLLEYBALL DETECTION

In volleyball match mesh belt and volleyball arg¢tbeery important information; there are eight caangositions in
volleyball venue, you can the extracted locatidorimation of the mesh belt to determine the locatibthe camera
shooting; in the database of volleyball image, wti@re is a close-up information on the volleyliais often the
volleyball players’ spiking or padding the ball @kt action, so long as we know the contour infation of the
volleyball we can know the size of the volleybalie Hough transform discussed in the paper is tsdithd the
mesh belt and volleyball, which can map the feapomts of the image to the parameter space, atairothe
relationship between the image feature points[8ugh transform can detect the shape of a targdttlenoise is
less affected by the curve intermittent, which hastrong anti-interference. In this study, it amaky the linear
transform and circular transform of Hough changeeposes the defects of the traditional transfand provides
guidance directions for improving the Hough transfo

2.1. Straight line of the traditional Hough transfam

Hough straight line is the basis of the Hough tfams; for a straight line and a poir(%g Y )on the straight line as
shown in the linear equation (1), there are mysa@ight lines through the point, and these sttalgtes are

intersected at this point; in the formula (1) dié‘ata’b corresponds to different linear equations, andefloee
formula (1) can be rewritten as the equation patareseshown in the form of formula (2).

y,=ax +b 1)
b=xaty, @

For the linear equation with slope%'f and intercept JP', if two points(xi Vi )’ (Xj ’ yj) on the straight line are
CH)

transformed to parameter equation, they must iettis of the parameter space, and the image condition of
theX ~Y plane and the parameter plane is shown in Figure 1

Figure 1: The relationship image of the point and tsaight line in the X=y plane and the parameter plane

Figure 1 in the left shows a straight line imageotigh the poin(Xi ' yi)' (Xj ' yi) in theX ™Y plane, the right

I U
figure represents the image that two straight lineersect in poin(a 'b) in the parameter plane.

Hough transform can divide parameter space furititer the accumulator unit as shown in Figure 2Figure 2
(amax’ami” )’ (bmax’bmi“) respectively represents the desired range of thpeshnd intercept values; For point

(l ' J)in the image calculate the equation parameterhasrsin the formula (2), we can get one matrixaop,
you can first substitute the formula (3) into eduai2) to get the corresponding anle
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a:a“r'nin’a':amin +l'”’a:amax (3)

In the matrixb can take the approximate value; if the obtainecutiwni is bq for a valueap , then set
A(p,q) satisfies the equation (4); In the last calculatmncess of the formula (4), the va@eofA(I ' J) is

corresponding to the poiQ on the straight line in thg~ Y plane as shown in Formula (1), the number of
segments in the plane determines the accuracyeséthoints’ collinearity.

Alp.a)= Alp.a)+1 @

Figure 2: The further division schematic of parameers plane for Hough transform

2.2. Circle of the traditional Hough transform
The basic idea of Hough circle is to first map ploént in the image to the parameter space, therthgutenter and
radius corresponding to the parameter space ietatchumulator, finally determine the circle accogdio the value

of accumulator; for any poi &Y in the image, if it is in the circle with the cenbf(a' b), and the radius df,
then the point satisfies the formula (5).

(x-a)f +(y-bf =r?

®)
For formula (5) it can be converted to the paramegeiations abm(?"b’ r), as shown in formula (6) below.
a=x-rcod@)
{b = y-rsin(6) ©)

In Formula (6)9D[0’2”], for the Hough circular transform, the radius loé tcircle to be detected can be set

as'’ D[RiR2] and one poinl(x’ y) in the image, ther‘ﬁ’r traverse[o'2771 and[Rl’RZ] by the step length
AG, Ar
of '

Ala,b,r)

A(a'b’ r)is larger, it means the possibility of the exisent a circle with the center g?’ b) and radius of is
greater; meanwhile the physical meaning of the gaarirom the formula (5) to the formula (6) carcbesidered as
in the image space a circle is corresponding tore@etdimensional upright cone in parameter spasashawn in
Figure 3.

, after traversing all points of the image, obttiie accumulator arra@, wherein any one element

of the array represents radlusthe center of the circle is the accumulated vaiﬂ(ea' b); when the

Figure 3: The schematic diagram of the circle and @ints on the circle in the parameter space

10
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The circle of the three-dimensional upright conad on the left of the figure 3 is mapped to theupeter space

on the right, then form the equation ab@rtb’ r); If substitute the three points of the image itlte parametric
equations and in the premise that the parametuatens are solvable, in the parameter space tiee thpright

cones certainly intersect at one point, poi(%%’ bo’ rO) are shown on the right in Figure 3.

2.3. The improvement direction of traditional HoughTransform
The traditional Hough line transform has significBaws due to its large amount of calculation #inel large space
of calculation, etc. The traditional Hough transfionses method of exhaustion to transform everytpoithe image

to the parameter space, and gets a rang;cpo?) values; and then solve the local maxing%fg), but according
to the actual situation of the mesh belt detectmperiment, in the volleyball scene the mesh beedt the following
three features:

A. Mesh belt is consisted of several straight ljreesl it has certain height and length;
B. In the volleyball image mesh belt generally acus for between a quarters to four-fifths of bt width;
C. In volleyball court the camera has a limitedathengle.

Feature A shows that as long as a straight linebeadetected, there is no need to use Hough transshaustive

manner to traverse out all the line segment; FedBuindicates when the mesh belt width in the image quarters
total of the total width, the most cases are duhdéocamera photographed parts of the mesh b#ieathlete keeps
out parts of the mesh belt, and in volleyball scenaddition to mesh line there is no other straigies that can
account for a quarter of the total width of the gmaso in the improvements of Hough line retrievahould be

noted that when the length of the line segmentighdr than a set threshold it can be considerea mesh belt;

Feature C indicates that when the camera is dyrémting the volleyball court, it cannot shoot tnesh belt, when
the camera is directly facing the mesh belt thauwrad mesh belt is substantially parallel to thdtiidirection of

the image, when the camera is broadside on the bdsthe shooting angle ranges 10° -30°.

In the traditional Hough circle transform for a givpoint on the image we need to use method ofustioa to
determine coordinate values of enormous centerradidis, in view of this the calculation amount wentional
circular Hough transform is huge; in order to avibid defects of large amount of calculation causedxhaustion,
we can use the randomized Hough transform; randoogHl circle transform is a multi-to-one mappingttls to
map the non-collinear scatter point randomly geeerdy the image space to a point in the paranspiace, thus
avoiding the one to many mapping in traditional Hlowircular transform; in order to avoid the blieds caused by
random Hough ideology, you can use the adaptiveckeaethod and color information characteristicshefimage
to improve the efficiency of the algorithm combigiwith random Hough circle changes.

3. APPLICATION OF IMPROVED HOUGH CHANGES IN THE ME SH BELT AND VOLLEYBALL
DETECTION

In view of the analysis in 2.3, this paper for thgrovement direction of Hough transform, desigmprioved
Hough straight line detection method and improvatwtiom Hough circle volleyball detection method.

3.1. Straight line of improved Hough Transform

When the camera is broadside on the mesh belimthge captured is shown in Figure 4; the left dghtrfigure in
Figure 4 reflects two directions of the capturesimieelt; in analytic geometry the direction carrdiéected by the
slope, the left figure represents the case whersltige of the mesh belt is negative, the rightriégrepresents the
case when the slope of the mesh belt is positivéhe experiment for both directions we take aedéht algorithm
to process; Since the mesh belt has a certain fheigiecially when the camera is facing in the sidéie mesh belt
they are all close-up scenes, the mesh belt hsightich greater, so the straight line slope oflesh belt detection
is variable.

In Figure 5 the gray part is the mesh belt, stridligle & andb are both mesh belt that can be detected, butdpe s
of the two straight lines are not equal; apparestigight line? is parallel to the mesh belt which is the besegas

while straight Iiné) has a certain angle with the mesh belt; accorttirthe experiments, the straight line segment
in the detection of the mesh belt is mainly to datee the position of the camera, it doesn’'t haxerlitant

requirements for the angle of the straight linensext; so the value of ang‘?ecan be intermittent, that is to regard

11
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five degrees as step long and take {Bo, ..., 3®}, values of angl§ have been greatly improved compared with
the traditional Hough transform .

Figure 4: The schematic diagram of positive and negive performance of mesh belt’s slope

Figure 5: The condition of straight line segment diected in the belt

The algorithm of improved Hough line changes hasfétiowing four steps:
Stepl the case of infinite slope will not occuthe straight lines from detection to the mesh tseltywe follow the

traditional linear equation of formula (7) below.
y=ax+b )

Step2 set the image width @s minimum length of the mesh belt’s straight |iBng‘i“ , (X 'Y )means one point of
the image, and then from left to right, from th@ to down traverse the image to find a straighe;lithus it is

X < d
divided into two cases, namely when the mesh batt the case of 2 as shown in the left of Figure 4 and the
X > d
slope of the mesh belt is positive, the line caméected; similarly when the mesh belt is in thsecof 2 as
shown in the right of Figure 4 and the slope ofrifesh belt is negative, the line can be detectdd; the left figure

_ o ., _ 0 _ o ,
for an examplia_tano ,a=tans’,--,a=tan30 } . and first fix the value o and set it a& , and

Ax<d

increaseX in steps of 1; suppose the cumulative lengtd™s and min and the final value of

isX' =X +AX  then the determining fielX of Y is relevant and the expression is in the formg)ebelow.

y'=tan@[Ax+y =a' [Ax+ Yy ®)

Step3 to determine whether the p((?ﬁt' y ) on the image is white dots of the mesh belt, &itds then it will be

| B A |
classified as a point on the straight e 2% + b; and here we need to set an accumulator and ervahipoint
H . . . ! — U I+ .
accumulatolnterval—sumto remember the number of points in the stra|g’m¥ ax'+b on the image,
! Il
=ax +b.

interval represent the maximum number of points not on treight line Y . when DX increases

d

to9min | we can useSUMandiNterval yyo values to determine whether the straight iagment with the slope

I

of@ and length offmin at point(x ’ y) exist in the image, finally, whe?!T is more than a set threshold, the
algorithm can continue to run, and vice versa éflgor stops and thinks it cannot constitute a stridige.

12
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3.2. Circle of improved Hough transform
Suppose the image lis, the set of pixel points in the spac&is randomly select three points frdto calculate

=1
the circle with radius oR and center o(‘x' y), which is referred to agc andsum’c .put Pe into the linked
list setP ; and then randomly select three points frém and if the center and the radius are equal ter@io node

= +1
in the linked list seP, it is suppose(lJ:)c andsum’c sum, , then determine Whethgrum’c is more than a
threshoIdNt; if it is greater thanNt then the circle with radius & and center o@x’ y) is considered as a

candidate circle; determine pixel points numM:‘Pc of E in the candidate circle, iM P is greater than a
thresholdV | then the candidate circle is considered as foninele, so it cycles like this and the cycle stogsen

the cycle time is equal tlémax, at this time the lookup process of Hough ciralds The above search process is
the basic idea to find the Hough circle transform.

Three points may determine a circle, so for givere pointé’l’vz’v3 we can calculate the coordinate of the center
and radius, which is calculated by formula (9) kelo

X5 +Y; =
x5 +ys - +y7) 2y, -v)

X~ Xl)(ys - yl)_ (X3 - X1)(Y2 - Y1)]

2x,-%) X+y3 ?xi + yf}

b, = 2Ax-x) X+yi-(¢+y;

2 (= x)(ys = yi) ~ (6 =3 My, — )l

M23 = \/(X| - a123)2 + (yi - b123)2 1=123 (9)

ﬁ+%gdw-w1

Qyp3 = 4[

—

The mathematical expression of the circle in fomn(@) is as in formula (11)(,a’ b) represents the center of a circle,

I represents the radiu\é,= (>§ Y )'I = ]’2'3; to judge whether the points around are on theecletermined by

the selected three points, then we thie Ka Y4); when d4satisfies the formula (11), it mean$is on the
circle, theé in the formula (10) represents a threshold value.

d=r?-a?-b?

d4 = ‘\/(X4 - a123)2 + (y4 - b.l.23)2 23

<o

(10)

2x@+20y+d = x> +y? 114

To realize random Hough circle transform algorittequires randomly finding three points on the imagel then
determine the center and radius by three pointstHeuthree obtained points may have no associatitime original
image, while the probability of three points in #hetual circle of the original image is very smal; for the way of
selecting sample points of the random Hough transfeve put forward corresponding improvements, the
corresponding improvement idea is to first idenifypoint on the image; when this point is not aaied point,
continue the adaptive search along this point aadwill get a line segment, this line segment iglijkpart of a
circle; randomly select three points on this liegreent, calculate the center and radius througtetti@ee points,
thus greatly improving the algorithm efficiencytbe random Hough circle transform.

Self-adaptive search algorithm includes the follogvihree aspects:

1) When the starting point has multiple directitmghoose from, you can randomly choose the route;

13
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2) When it is not the starting point and there rardtiple directions to choose from, if the otheredtion is similar

to the main direction then the search is stoppéenathere is no direction to search, then the entptso needs to
stop the search;

3) The search for the next node is primarily basethe direction of last node.
CONCLUSION

This paper first introduces the application theofylinear transform and circle transform in traolital Hough
transform in the volleyball scene detection, disessthe algorithm defects of the traditional Hotrgimnsform, and
proposes an improved direction for the algorithindietail studies the improved algorithm of Hougtehlr transform,
and analyzes the advantages of improved Houghrlineasform and its effect in mesh belt detectioased on the
study of improved algorithm of Hough circle transfo- random Hough circle transform, analyzes thieas of
random Hough circle transform algorithm, puts forvan self-adaptive search algorithm, if the sdyative search

algorithm can be combined with random Hough cinctdansform algorithm then we can receive bettdleyball
detection effect.
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