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Abstract

Tennis video’s serve events were detected. In other words, athletes ar talned
to calculate particle of athletes area and particle shlg%adjace by using

background subtraction algorithm. And then tennis vi erve évegts)were inferred,
according to specific constraints on serve, thro ontofogy and setting
SWRL rules.
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1. Introduction \

In tennis match videos, servi |s one y events The detection of serving a
ball is actually to detect the s}gr%g nd frame such episode in the videos [1-3]. Here
we use the event detection me

whosiﬁs are based on rules, that is, in the tennis
match, when one player is ut to sexy, I, he/she must stand in the service area and
both fore and back cou&eers m e\§ﬁd in the oblique diagonal place of the court;
only after the serviw er, front<and Back court players can make big movements [4-6].
So the first job Q assif@and non-court frames in tennis match videos; then,
fetch court | % urt fram get the centroid of front and back players, as well as
the displacemientof fro a@baok players in the two adjacent frames; finally, by creating
and formulating the o@egy of serving event and SWRL inference rules, fulfill the
purpose of serving a 5@» etection in those videos [7-8].

After classifi(cf@@ court frames and non-court frames of tennis video frame images,
it’s easily fou each section of consecutive court frames starts with serving a ball;
and the b@%&andard about defining the service event is both front and back court
players st the service area and their displacement in the anterior and posterior frame
is y@a . As long as in the two adjacent frames, one player in the front or back court
m%s a big step, it’s thought that the service of a ball is over and it goes to next
episOde. In short, to improve the efficiency, once the service is over, it will directly read

in the following consecutive court frame sequence, with nothing done to the subsequent
court frames [9-10].

2. Acquisition of Attribute Values

2.1 Extraction of Player Area

Here we need only to extract players at the serving moment. During serving a ball,
shots are generally long-distance views and lens doesn’t shake too much. Based on that
feature, we propose using the background subtraction method mentioned in [11] to fetch
player area, in the following steps:
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(1) Image preprocessing: use Gaussian filter to smooth and eliminate noises of images
as for the goal of enhancing player area;

(2) Background generation and update: every time when reading successive court
frame sequence, use the first frame in the sequence as background; then update
background with background renewal method,;

B...(X,y)=(1-0)*B, (X,y)+0*image(x, Y) (1)
(3) Extraction of player area: use the idea of background subtraction method to fetch
player area, in the equation (2);

0 if [1(x,y)-B(x,y)|<TH
M(x,y)=1{ . )
1 if | 1(X,y)-B(x,y)|<TH
(4) After treatment: using background subtraction method to extract player mm
cause some noise points; to remove those unnecessary ones, utilize morphologi od
to treat M (X, y) .

Figure 1 is a diagram of the experimental results, In Figute 1 (a) is riginal image,
Figure 1 (b) is to generate the background map, Figm{fas) is e ipn for athletes

regional map.

(c) Extracted Athletes

)Gen ratien Background

btraction Method to Extract the Results of
Athletes

€)) Orlglnal
Figure 1 Th \}gr

2.2 Centroid Extractloén Displacement Acquisition

For the conven ‘b“of the subsequent calculation, we need to get the centroid of
player area as fn@

(1) For
to find ou

(2)

extracted pictures of player areas, use connected region calculation method
regions and mark them;
y geometrical distance calculation method to obtain the centroid of

regions; the formula is shown in formula (3):
m-1 n-1

ZX:ZX*g(x, y)
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(3) After the centroid of both front and back court players, compute by Euclidean
distance the displacement of such centroid in two adjacent frames; the formula is shown

in formula (4)d = Sqrt(zn“(xil -X,)? +Zn:(yi1 ~¥i2)?) 4)

3 Detection of Serving a Ball Based on Rules

In the paper, the detection of serving a ball is implemented with the use of ontology for
semantic analysis of low-level features. The approach of using ontology is identical to
those steps in Chapter I11, i.e. utilize protégé as tool to create model of ontology, building
its class, attribute as well as class-related units; then, make SWRL rules; lastly, use Jess
derivation engine to deduce start and begin frames of ball service in tennis wdgx})u
frame sequence.

3.1 Creation of Ontology : . 6
3.1.1 Creation of Class ,Q\ @

According to requirements of recognizing s actiopdNin tennis videos, we

created seven classes of glossaries and meanings. It 1S shown lel.
[ ]
Table 1. The Vocabulary@&mparﬁ&he{ble of class
A Y > -
Vocabulary ing
MatchCourt @ me
LServeAreaOfP1 4 e the athletes left service area
RServeAreaofP1 %Eight front players tee
eft tee backcourt players

Event The current site frame
ServeEvent Service event

LServeAreaOfP2 q)
RServeAreaofP2 Q w Right tee backcourt players

it’s belleved the fr one belonging to serving a ball event. The service area in
the graph is the reg ong the back of end lines, central mark and the presumed
extended lines o e@g nes where players are standing when a ball is ready for delivery,

When fro bac CO;z yers in the current court frame locate in the service area,

instead of the r in the tennis court. We create classes with the Protégé tool. It is

shown in FQ{LVeZ.
QQ
@ For Project: &
ol

Aszserned Hierarchy

Ol

] (@r)

ol Thimg
hztchCourt
RServeraresOrP
LServerArealfPl
FServerArealfPz
LaerverArealfP2
Everit

Servelvert

Figure 2. The Establishment of Class
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3.1.2 Build of Attributes

As per derivation requirement, we defined sixteen attributes. It is shown in Table 2,
Table field refers to the property belonging to the class.

Table 2. The Definition of Attribute

Attribute Field Semantic Type
bxPlayer MatchCourt Backcourt player float
athletes particle X
coordinates
bxPlayer MatchCourt Backcourt player float
athletes particle vy
coordinates x) ¢
bxsServiceLine MatchCourt The back end and left f
the singles borderline ?’
X coordinates C?
bxsServiceLine MatchCourt The back gn d“the oat
right's bi
coordigate w
byServiceLinel MatchCourt Th end y v@lue float
min e tmﬁ*m
of T1 caordinate
byServiceLine2 MatchCourt back' value float
mus reshold
val o@ coordinate
bPShift MatchCourt @& % ck end vy float
ate values and
‘i hreshold values of T2
fxPlayer MatghCourt \ ackcourt players float
V displacement
fxPlayer ° Court \,. Frontcourt athletes float
\3 particle x coordinates
fxsServiceLine Matc Frontcourt athletes float
Q particle y coordinates
fxsServiceLin ourt The front end and the float
% left's borderline x
coordinates
fxsServiceLinel atchCourt The front end and the float
right's borderline x
coordinates
fszerwce@& MatchCourt Frontcourt y to the T3 float
threshold value
Q coordinates
ﬂ% MatchCourt Frontcourt y float
coordinates and
threshold value of T4
Frontcourt athletes
displacement
sxCenterLine MatchCourt The back midline float
point coordinates x
exCenterLIne MatchCourt The front line spot float

coordinates X

In protégeé built attribute tools, it shown in Figure 3.
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PROPERTY BROWSER

For Project: @ ServeEvent

| Obiect | Datatype | Annotation | Al
Il Datatype Properties ﬁ 'Ei} [
M sxCenterline

B by Serviceline?
B fyServiceline2

W WP Shitft
M breServoeline
Bl bxPlayer

M bxsServiceling

Bl byPlayer °
Bl by Serviceline

I exCenterline

I PShitt Z
I fxeServiceline °
Bl fxPlayer \%
B frsServiceline
I yServicelinel QQ « /V
ent of Property
3.1.3 Build of Single Units \

B fyPlavyer
We built two units like mat C@unit in@(tourt class and event unit in Event
Rgctége h

class. We created units with ol. It is shown in Figure 4.

Figure 3. The Esta

y INSTANCE BROWSER
For Project: 4 () For Class: . MatchCourt

Clas= Hierarchy \ oy rASSBI'ted rhferred
oyl Thing @ Asserted Insiances “} * X {?
- 'QQJ

L]

. (zitEs f matchCaourt
'.' RServer&rcaofP

D LEerver aresOTR
D RServersresOrE, ‘b
. LEerverires
0 Evert (11
'.' Serve%«
gjo Figure 4. The Establishment of Individual
3.

2 Formulate of SWRL Rules

By fetching the tennis court lines of each single court frame, we can get
bxsServiceLine, bxeServceLine, byServiceLinel, byServiceLine2, fxsServicelLine,
fxeServiceLine, fyServiceLinel, fyServiceLine2, sxCenterLine, exCenterLIne attribute
value. Then with background subtraction method, we can get Player attribute value. By
computing the Euclidean distance between centroids of bxPlayer, byPlayer, fxPlayer
fyPlayer in the anterior and posterior frames, we can have bPShift, fPShift attribute value.

In the tennis competition, serving a ball should follow these rules:

(1) The server should stand in the area among the back of end lines, central mark and
the presumed extended lines of side lines. Here players are expressed in their own
centroid points. So the coordinate value of server’s centroid x axis should exist
between middle mark and side lines x axis coordinate; the coordinate value of
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server’s centroid y axis undulates around end line’s y axis coordinate due to
different standing postures and ways of serving a ball. The front court server’s
centroid y coordinate value changes in the range [end line y coordinate -45, end
line y coordinate +10]; the back court server’s centroid y coordinate value varies in
the range [end line y coordinate -30, end line y coordinate +5];

(2) The receiver should stand in the area among the back of end lines, central mark and
the assumed extended lines, which is diagonally opposite to the server; so the
receiver’s centroid x axis coordinate value should be between the central mark and
side line x axis coordinate value; receiver’s centroid y coordinate value fluctuates
around end line y coordinate value, however the changing range is smaller than
that when a ball is served;

(3) Either server or receiver will make big displacement only if the ball is¢already
delivered. By computing the displacement of plentiful adjacent frames;

we can get the centroid displacement range of the front and back.co ayers
during serving a ball, which is respectively [0, 10] and [0, 7]. Af& ervice is
done, the front court players’ displacement qu s’blgg and back
court players’ is bigger than 10. Based on the ab WRL rules to

deduce the service episode.

3.2.1 Definition of Variables X\)

Here we defined three categories of tota@%teen \/@Ies The connotation of each
variable is shown in Table 3.

Table 3«'I’I@!amabl®he Meaning Table

Variable name .~ Meaning
m, n \'J’he MatchCourt class corresponding to the
@ individual

The Event class corresponding to the individual

')bx, Mby...... 78X, » * BxPlayer properties,... SxCenterLine, the
\r\

exCenterLIne property value
o
3.2.2Build o P Ru

With the use of S rules, we built six another rules as to infer the service episode
from tennis video equence. The rules and implications are put in Table4.
1_' Table 4. Serve Event Rules
G " Meaning SWRL regular expressions
In frgn Ietes in the right service area and MatchCourt(?m) ~ fxPlayer(?m, ?fx) ~
acement is less than the threshold T1 fyPlayer(?m, ?fy) ~
fxeServiceLine(?m, ?fxe) "

exCenterLIne(?m, ?ex) »
fyServiceLinel(?m, ?fysl)

" fyServiceLine2(?m, ?fys2) A fPShift(?m, ?fp)
N swrlb:greaterThan(?fx, ?ex) »
swrlb:lessThan(?fx, ?fxe) ~
swrib:greaterThanOrEqual (?fy, ?fys1) »
swrlb:lessThanOrEqual(?fy, ?fys2) »
swrlb:lessThan(?fp, "+T5+") —

RServerAreaOfP1(?m)
Backcourt the athletes in the left service area MatchCourt(?n) ~ bxPlayer(?n, ?bx) ~
and the displacement is less than the threshold byPlayer(?n, ?by) ~
T2 bxsServiceLine(?n, ?bxs) »

sxCenterLine(?n, ?sx)
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byServiceLinel(?n, ?bys1) ~
byServiceLine2(?n, ?bys2) ~ bPShift(?n, ?bp) »
swrlb:greaterThan(?bx, ?bxs) *
swrlb:lessThan(?bx, ?sx) »
swrlb:lessThanOrEqual(?by, ?bys2) »
swrlb:greaterThanOrEqual(?by, ?bys1) ~
swrlb:lessThan(?bp, "+T6+") —

LServerAreaOfP2(?n)
Service event Event(?e) » RServerAreaOfP1(?m) "
LServerAreaOfP2(?n) — ServeEvent(?e)
In front of athletes in the left service area and MatchCourt(?m) ~ fxPlayer(?m, ?fx) "
the displacement is less than the threshold T1 fyPlayer(?m, ?fy) ~

fxeServiceLine(?m, ?fxe) " o
exCenterLIne(?m, ?ex)
fyServiceLinel(?m, ? 1)%7
fyServiceLine2(?m, ?fys2) ~ @ m, ?fp) *
swrib:greaterTha A
&. ssThan@xe)"
swrll@; rThanQrEquat(?fy, ?fys1)

bitessThanOr
rib:l

LServ
Backcourt the athletes in the right service arga Q)Q Match(%%?n) ~ bxPlayer(?n, ?bx) ~
n!

and the displacement is less than the thresh K yPlayer(? ) N bxeServceLine(?n, ?bxe) »
T2 % @ sxCenterLine(?n, ?sx) *
& yServiceLinel(?n, ?bysl) »
Q) byServiceLine2(?n, ?bys2) ~ bPShift(?n, ?bp) »

4 o % swrib:greaterThan(?bx, ?sx) »

swrlb:lessThan(?bx, ?bxe) »
swrlb:lessThanOrEqual(?by, ?bys2) ~

° Q ® swrlb:greaterThanOrEqual(?by, ?bys1) »

\3 swrlb:lessThan(?bp, "+T6+") —
Q Q RServerAreaOfP2(?n)
’ Event(?e) * LServerAreaOfP1(?m) ~
vice fe) RServerAreaOfP2(?n) — ServeEvent(?e)

Establish the rul (ibProtégé. It is shown in Figure5:
Qummwm@m \ § hivilisk [ = foms ’m -.swmum|

SWRL Rules f\
Enabisd NMH\\.) Exprassion

!. b-1w10htuuﬂ(?m) A e, ) A FyPlaverm ") A feeSenvicelinedTm, Mee) A esCerterline(T, P2« A fyeServicetine(™m, ys) A RSk Pm, 20 A swrktcoreste Thar(Hy, %e) A sombriessThan(Hs, ") A sl pecterThaneEr,
‘: of
&/

-

adagiag

= MatehCou(m) A bRy n, ?0e) A yPlasn(’n, Thy) A beServeame™n xe) A exCerterlne ™, %ax) A by viceLra(™n, “ys) A PSR n M) A sselbeerasts Thar( b, Mhve) A svrblessThan %, %s¢) A sl lssThanCep

= Eveni(Te] A RSzrverreafM() A LerverdreaDiP2y = Servebuent(le)
Rule-d 1= MatehCour ) A SaPiayeet e A FyFlaser™n ) A biesszviceLing(m, Mes] A axConteeLineln, Tex) A fpaSamaceline(tn, ofvs) A fFSHf?H, o) A sobigrasierTnan e, s) A swrllessThan s, %) A swlbiater ThandiE.

RuleS (= MatchCourttni A bePiaye P, Toe) A tnPlvenn, ") A beServeline(Tn, Tove] A seCenterlinerin, o] A bSenicelinet ™, Phys) A bPSHRn, Moo A sl resten Than b, %) A sonlbessThan(h, Thee) A svobaless Then0hEse,
Rukd (= Bvei(?] A LServerdeaCPl( mi A RearverdrasDf2 ) = Servebeent(%)

Figure 5. The Establishment of SWRL Rules

3.2.3 Rule Deduction and Representation

Inference results are represented by the motion of units. In the paper, each court frame
image stands for one unit. Figure 6 is illustration of inference results. Firstly, it infers that
front court players stand in the right service court; meanwhile, it infers that back court
players at this frame stand in the left service court; hence, the current frame is correctly
judged one of service sequence frames.
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f’. Metadata(Ontology 395126855 .0wl) r OWlL Classes | Bl Properties [’0 Individuals r = Forms

INSTANCE BROW SER :
For Project: 4 ServeFwvent For Clas=s: ServebEvent
Clas= Hierarchy rmnﬁd r inferred |
ek Thing Asserted Instances ~ W @ X F
Ewent (11 _‘_ event

LEerversresaotPd
LServeriAreafP2 (11
MatchCourt (17
RServerdreaOfP1 (1)
RServerdreaOrfP2
ServeBEvent (1]

[ 2 =t la: Entity
)
Figure 6. Deduction and Representation v
4. Experiment Design and Discussion ‘3& . 6
We utilized three tennis match videos as experimen x&t 0 di rvice episodes.
Figure 7 shows one group of graphs extracted fro ction of t ole service event
after derivation. Table5 lists out experimental res f the method here, which

are statistical Figures under the condition of ming both th all and precision rate at
100%. The service episode’s recall ratio, p@ n ratee n@e accuracy rate of boundary
location are defined like the following e a$ K

detect the correct n of W@Ve”ts %100% (5)

" detect the a&ﬂ@ﬁber of W events
Recall = detect_ thecorrect nyrﬁb@r service event§ «100% ©)
In the v@fﬁe act \y\hber of event service

Experimental reﬁ% ggest that tie service action recognition algorithm here can
discern accuratel rvic%We regarded the first frame of a series of successive
court frames initial fra f @ne service episode. The frame in which the front or
back court players mov ig step was considered as the end frame of such episode; and
nothing was done to th wing court frames; instead, we read in the next set of court
frames and recogniz vice episode. In this case, both the recognition speed and the
precision rate wete Nynproved. However, during the TV broadcasting of some tennis
matches, occasi y there was continuous play of two sparring incidents, i.e. no inter-

cut of norﬁé;t frames. In this case, the proposed algorithm didn’t detect the second
service event, Teading to missing detection. In the later period of serving a ball, there were

cer in@ motions, which led to wrong calculations of players’ displacement. The end
f@ S

Precisio

erving a ball was falsely discerned, as a result the accuracy rate of boundary
location became higher.

5. Conclusion

In the paper we discussed about how to detect the service event in tennis videos. For
that objective, we proposed classifying tennis video frames to court frame and non-court
frame. The first frame of each set of consecutive court frames was regarded as the initial
frame of such event, as to enhance the recall and precision rate. Besides, we used protégé
to build ontology and SWRL rules for inferring the ball service episode.
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Table 5. The Experimental Results

Video check number of False Missing Recall Precision
sequence  number positive number number
detection
1 32 32 0 0 100% 100%
2 29 28 1 1 96% 96%
3 35 32 0 3 91% 100%

[T TR

\%, Figure 7. Service Event Graph
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