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Abstract

A new tactic analysis of broadcast sports video is proposed based on player t
information. Tactic analysis of sports video aims to recognize and discover tactic and
match strategies that teams and personal players used in the games. Base yers and
ball trajectory. First presents an interactive relationship analysis of te nd spatial
algorithm based on time fragment slice. According to thﬁ ‘and d@e of trajectory
shape and the distance measurement and each trajector)g\ frag%, 0 wse graphical
model was constructed to express tactical video g ts event. Thigugh the analysis of
each component fragment of interaction trajectory,\the/o Mnts of tactical mode

ffensiv?x
carried out hierarchical recognition of coamne in foo%l1 game video. In the coarse

recognition process, the interaction mode is gdivided into a inated attack and personal
attack. In fine recognition further, the coc ed attaek made is divided into interception
attack and no interception attack. The @al at&a\&\\ is divided into direct attack and

the dribbling-attack. @
Keywords: Tactic analysis,‘k%ctory, Taa@mode Sports video
1. Introduction @ ’\\,Q

Traditional sporl{\"° analysiS™isy made to ordinary audience [1], mainly referring to
detection and rec% n of wo I 8hots and competitive events and acquisition of video
fragments w, interegtipg tO watchers, which is called semantic analysis of video
contents [2- recen& , for the proposal and further practice of the concept of
computer aided traini orts events, along with awareness of the importance of tactical
information to unde nd enjoy such contests, the tactical mode recognition and analysis
of related videos haye¥ecome a new hot concern in the sports video analysis field, which we
name tactical analysis of video contents [4].

The purp\%ﬂ such analysis is to discover the tactical mode or competition strategy taken
by perso yers or members to complete one action or task in the competition. Take
footh for instance. Professional players or full-time coaches expect to take advantage

ter’s powerful calculating ability to recognize automatically pass and catch
techpiques when both teams are assaulting and defending in the game, so as to formulate
according training plan and game strategy to improve actual combat capability. As far as its
practical use is concerned, in order to obtain tactical analysis results relating to the game,
sport professionals will take manual labeling means to finish it [5]. The work is considerably
time-consuming, labor-intensive, and resource-intensive. As a result, researches and
presentation of automatic tactical analysis methods are growing to a question for urgent
settlement in the video analysis field [6].
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The paper introduced a tactical mode analyzing approach which is used for broadcast
football game videos. As the most representative team event, football game appeals
tremendous fans in China and even the whole world. The game program has incomparably
overwhelming audience groups than other competitive physical sports. At present, studies on
tactical analysis methods for football game videos are quite limited. In the work [7], the
author acquired visual sequences of the game through multiple static cameras, trajectory
player in multi-look sequences. Based on multi-look geometrical relationship, he figured out
true locations of players on the court. By introducing two tactical ideas: shortest moving time
and player control area, he completed the evaluation of each party’s tactical situation in the
game. The paper [8] based on time-series data, raised a method which makes hierarchical
classification of ball passing modes leading to gain scores in the football match. By analyzing
the spatial distribution relationship of 22 players and ball trails in the competition, Kang [9]
put forward a numerical calculation model for tactical assessment of footba
Throughout all current works, we can see that they experimented based on the d

through special means, e.g. special photographing device (multi-camera guration.
Manpower was used to make initial labeling of data. Data werg generatedyt computer
simulation. Thus, those methods face huge environmenta @enges eing used in
practice. To overcome the weakness, it proposes a tacticalhanalysis ased on airing

sport videos, used to recognize the tactical mode fg Bpsive tlon e football game.
Broadcast video is the main form of television : g spo etition, of abundant
volume of data. Such video is more easily obtained than specja eos which are acquired
through special camera device in speC|aI e ent. ﬁ@e the proposed method is
practically more meaningful [10-11]. 6

2. Middle Expression Constr % ontent Tactics

2.1. Mosaic Trajectory Calcuhhn ‘\6
Mosaic trajectory calcul PN is base@@wsform the principle of affine video frames. By
removing the broadcast f the §o camera, from a video frame obtained trajectory

image coordinates %r sform i unified coordinate space. Here, we use the global
motion estimatio ithm m lete the calculation of mosaic trajectory. Using

homogeneou@ nates glé ion estimation formula rewritten [12] as follows:
-m D

- t

the t frame is represents t to t —1 frame transformation matrix of global

-1

Them, represen?i @Qrary plcture coordmates in t —1 frame, the corresponding point in

motion est n. For given video sequencev ={f,,..., f .}, where, f represents the i
frame in @sequence A trajectory in sequence V isT ={p,,..., p,}, Where p, represents
traf position in the intra-frame f, . According to the timing relationship of each frame
ir@equence and Formula 1. You can calculate p, the mapping coordinates in the intra-

frame f, . Let p, homogeneous coordinates is P, , the mapping coordinates calculated is as
shown in the following formula:

F;i: H o 1P, )
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Let p, was under homogeneous coordinates P, mapping points in f, frame. Using formula

(2) can be mapped trajectory T of each frame into a unified position in the coordinate
system.

After the treatment of mosaic trajectory is equivalent to using a fixed camera video results.
To eliminate the camera motion video sequences generated in the inter frame displacement.

2.2. Interactive Relationship Analysis of Temporal and Spatial

The core idea of interactive trajectory is: Using a compact form of expression effectively
describes events for the interaction relationship between the players and the ball during the
attack incident. As mentioned before, in football game, the ball is the execution object of
player completed tactical target. All tactical intention will eventually be completeth\by fie
control of the ball. Therefore, the players and the ball trajectory are tactical mode tion
and mainly information of analysis. In football game, the interactive relatlon ween the
players and the ball can be divided into two kinds of typicalymodel. ssing and
dribbling. In this paper, the method is proposed mteractlvé\%onshlp ysis of temporal
and spatial based on players and the ball trajectory info n#Select ng trajectory or
dribbling trajectory from the mosaic trajectory |n e segmen agments then the
trajectory segments were spliced according to tempad Iatlons% m a new track to call
interactive trajectory [13].

Figure 1 will give attack events to d|V|de eral s s of different game period.
The segmented game period can be claSsi |nt0 es%gorles passing and dribbling
period. Respectively corresponding to t ical ip e mode of the above analysis, for
each game period time can be further divided mtcﬁx | fragments, every fragment of time
to contain one or more smoot tnuous bje trajectories. For passing and dribbling
period, using the determmlstla%)o and m istic graphical model extraction method of
mosaic trajectory correspo ing bUI ctlve trajectory. The specific as shown in

algorithml. \

Dribbling Passing

sesee ecscoe
RN ese e

t HSL‘qucncc fragment I Period or fragment boundary

Figure 1. Period/interval Structure for Temporal-spatial Interaction
Analysis

Algorithm1 Aggregate trajectory generation based on temporal-spatial interaction analysis
Input: Mosaic trajectory set MT = {1, (t),1,,(t),....1, (1)}
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Output: Interactive trajectory AT
1. The mosaic trajectory set M T of each path is Gauss smoothing to remove noise.
2. According to the equal interval t will all mosaic trajectory to divide into T-subsets,

which, s, = {1, (1), 15, (1)...., |kak ()} , 1S(t) represents the k trajectory sub-fragment of
trajectory I (t) in MT . 1<k <T .

3. Passing and dribbling period using temporal similarity metrics method to select the part
of the trajectory of each time interval sub-fragment of the trajectory is as interactive trajectory
AT

Setup k =1

Fors, , calculate the similarity F,', = D, -H

k
b.p;

, Which, b and H are trajectory

fragment 1 (t) |k (t) in space distance and shape measurement.
Passing period using deterministic methods to build sub-fragment of interac ory
Dribbling period using probability graph model method to build sub ment of
interactive trajectory
If k < T then, repeat step3 else the execution step4

3. According to the time interval index k will selbﬂ@ trajecthment to connect

interactive trajectory AT

3. Recognition of Tactical Mode OQ \%

3.1. The Coarse Recognition of Intera \Mode

During coarse recognition, mtﬁwe patters\ ude coordinated attack mode and
personal attack mode. The form sat f

tactics by which a few players attack the
other team through pass and in the c&%ﬂmn The latter one refers to the tactical
purpose fulfilled by only layer thr bling or direct shooting.

Especially glven att nt G, a ing to algorithml, using the tactical Middle
expression to const rlthm t tain interactive trajectory AT ={s,,...,s }, where, s,
represents the i t ry fragm e interactive trajectory. It can be defined as a coarse
classificatio das fol@ :

C ) = ball(s,) 3)

i=1

Where, the fungtiomball(-) is as the indicator function:

(1 X isthe ball trajectory fragment
%ball(x)—{ @)

0 X isnot the ball trajectory fragment

COE@QSIfIC&tIOﬂ model is defined as:

[Coordinated attack Ccoarse(G) >0
Pcoarse (G) :% (5)
| Personal attack (G)=0

coarse

3.2. Fine Recognition of Interactive Mode

In the fine recognition, coordinated attack and personal attack are further subdivided into
four types of modes as in tablel: for the former mode, it has interception attack and non-
interception attack whether balls are tackled by defensive team’s players in the attack

4 Copyright © 2014 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol. 9, No. 12 (2014)

progress; for the latter mode, it includes direct attack and dribbling attack whether players
dribble balls in the attack process.

3.2.1. Fine Recognition of Coordinated Attack Mode. Set the interactive trail of recognized
coordinated attack event AT, and remove all fragments about ball’s trajectory, then we can

have the subset SAT = {sp,,...,sp,} which only include fragments only about player trail.
Now we can define the recognition standard of coordinated attack fine recognition as:

m

Cine .(G)=> {1-5[player(sp, - player(sp,_ )]} (6)

i=2
Which, s is Kroneckerdate function. player(x) is used to identify team of the

trajectory fragment x . Therefore, fine classification of cooperative attack can be cOompletéd
in accordance with the following formula:

Interception attack

j fme c(G) > 0 @
Pfine_c(G) = . R
| No interception attack o) =

Table 1. Description of Tac}w@ctl\w

Coarse recognition Fine recognitiod/ N\, WV Description
Coordinated attack Interceptio ck The ball is intercepted by one
@ ’\% or more defenders in the
S offensive
No ||%!9tlon The ball is not intercepted by
defenders to In the offensive
Personal attack @blrect attac The players are not ball
dribbling in the offensive
\ Dr%ﬁ&&éck Offensive player dribbling is
completed in the offensive

3.2.2. Fine Recogn@erson ttack Mode. In the personal attack mode, direct attack

involves mainly p ooto e kick, place kick and the like. In contrast, dribbling
attack mean er completing attack or shoot through ball dribbling to shun from the
interception %e opposite team. The sophisticated classification of personal
attack mode is I|zed b% ypothesis testing method for the trail space analysis.

By analyzing traje patial distribution in the personal attack mode, for direct attack,
the trail is Imear uted in three-dimensional and two-dimensional space as seen in
Figure 2-3; for ing attack, the path is not linearly distributed in both 2D and 3D space

(Figure 4&%@ch distribution can be validated through analysis of completing process in
both mod hen foul shot is implemented, players will run quickly towards the ball for a
short @ complete the shot action. That’s why the trail is approximately of linear
disth in the space. For dribbling attack, the player should try to shun from being
ir%ed by defending members when he is carrying the ball. Therefore the attacking route
is of curvilinear spatial distribution. With trail spatial distribution, we can complete refined
classification of personal attack by Hypothesis test method [14].
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Figure 2. 3-D Spatial Distribution of Aggreg@h eclw irect-attack
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Figure 3. 2-D Distribution of Aggregate Trajectory of Direct-attack
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Figure 4. 3-D Spatial Distribution of Aggre \\ajecto of/Dribbling-
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Figure @Spatial Distribution of Aggregate Trajectory of Dribbling-
attack

Given @Eentified interactive trajectory of personal attack event AT ={s ,...,s }, using

th v cumulative error testing to determine its spatial distribution is similar to the direct
a%tlon. Set the two assumptions:

[H,: f(X,Y |k,c)=0
3 )
(H o f(X,Y |[k,c)=0

Which, X ={x,,...x,} and Y ={y ...y } are each of the projection component of
trajectory in X and Y directions. s, = (x,,y,) . k andc are linear distributed parameter of

estimation. Using the least square method can estimate function expression y = L(x | k,c) of
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the linear distribution. Based on this, you can calculate AT the average cumulative
error AE :

l n
AE = =3 [y, - L(x[k.c)] ©

n i=1
According to the formula(9), the smaller value of AE indicates that AT distribution is
close to a straight line. Thus, you can fine classification standard definition of personal attack

(Direct attack AE < thres
G)=4 (10)
(Dribbling attack AE > thres

Which, thres is threshold parameter of predefined.

Pfine_i(

4. Experimental Analysis And Results \!*
|

In order to verify the proposed tactics mode recognition method, using FA
World Cup (World Cup 2012) as the test data of video games All games vide directly
transcription from the TV live broadcast. All 64 matches o video @ MPEG-2

compression format, video frame size is704 x 576

Mode
Preparations of true values of expen@ata ar. ortant to objectivity and
In th

effectiveness of the method’s evaluation t videos, the definition of both
event’s semantic type and tactical mode%ubjeg e@ertam extent. For the same video
0

script, the identification of the semanti€ cericept nged event type is often different

4.1. Acquisition of True Values of Experimental‘? W vent and Tactical

from one another for different o e The labeli of tactical mode is also of subjectivity.
To obtain true values of the catego tactical mode of competitive event more
objectively and accurately, we inv ed f| all professional persons to annotate semantic

classes (whether it’s attac
mode) for all segments

ent) and cal mode (coarse interactive or fine interactive

related wideoS. They have years of experience in football game
or being as coach. gai ate understanding and mastery of the occurrence,
transformation a ing of a odel in games. So their labeling results are more

credible and . For laigeling, there’re two principles to obey:
Visual fra mendts to b d can be made as long as possible to ensure the completeness

of attack event.
To mark as mal @ﬂs as possible as to guarantee the variety of tactical modes in the
attack event. In o@ ensure the diversity in the event of tactical offensive.

Event fragment'semantic categories and tactical mode of true value are confirmed based on
annotatlon%o by 5 professionals with voting mechanism. Finally we have 1235 fractions
of attack for 64-round competition videos, as seen in Table 2. Different interactive

tac c mvolved are listed in Table 3.
% he performance testing, we adopted the algorithm in [15] to perform automatic
detéetion of attacks. That method is proposed on multi-mode fusion analysis idea, detecting
from networking and broadcasting words when one attack even happens with the help of
predefined event text keywords. Then according to time detection of broadcast sport game
video timing board, it utilizes limited state machine model to determine the boundary where
the event in videos starts and ends to complete the detection. The method is obviously
superior over other similar methods in terms of detection accuracy.
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Table 2. Attack Events for Tactic Mode Recognition

Event categories The number of events
Goals 168
Shooting 413
Corner 125
Free Kick 529
ALL 1235

Table 3. Experimental Data for Tactic Interaction Mode Recognition

Interactive mode Mode number
Coordinated attack Interception attack 134 N ~
No interception attack 662 — \ ) 4
Personal attack Direct attack 311 \ >
Dribbling-attack 128

4.2. Experimental Result of Interactive Mode Recogniti

recall (R ) and precision (P ) ratio of the mode recdg

follows:

n +
where, for any mode, n_ r!&Ato the nb@

means the number of
where it was falselyd

eve

recognized; n

Moes

respectively defined as

Fa/\
\/

two indexes like

of attack events identified correctly; n

hich w@ ; n, is the number of goal events
ed as the int€ractive mode. Interactive recognition algorithm’s

effectiveness test pleted 1235 attack event fragment. Results are shown in
Table 4 and 5.
Table erim @esults of Coarse Interaction Mode Recognition
Mode ?&ode number Recall (%) Precision (%)
Coordinated attack 796 89.4 93.2
Personal attac b 439 88.2 82.2
) XbYeS Experimental results of fine interaction mode recognition
Mo&gk Mode number Recall (%) Precision (%)
Intercep#iOn,dttack 134 74.6 81.3
No int@tﬂn attack 662 88.1 89.1
attack 311 83.9 86.4
%ing-auack 128 85.2 70.3

From Table 4 and Table 5, we can learn that the proposed tactical mode recognition
method makes desirable results. We think two factors can have effects on its performance of

identification:

Robustness of multiple object detection and trajectory algorithm. The trail of players and

the ball is one of the objects to establish medium expression of tactics in attack event video
fractions. The accuracy of trajectory information to be obtained is associated directly with the
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superior or inferior performance of recognition. In some cases, occlusions are seriously seen
among players and players with the ball so that manual methods can’t determine the
affiliation relationship between right trace and object. That’s why differences and errors exist
in multi-object trajectory information;

Accumulative errors in the calculation of inlaid trajectory. To estimate the inlaid tacks we
used global motional estimation method to eliminate camera movements in the broadcast
videos. To estimate the global movement estimation transformation matrix is the process of
being optimized. The transformation of each frame has errors. Along with evolution of time
series, errors will accumulate and aggrandize. Hence, resulted mosaic trajectory s can’t reflect
correctly the sport nature of players and the ball. Based on the status quo of sports video
game tactical analysis method. This paper presents tactical pattern recognition method is the
first analysis method based on broadcast video Football Tactics. On the other hand, in the ball
team project. The players and the ball are essential to the game participants, is an ifaportaht
movement object in venue. Trajectory can reflect play and Implementation of v eam
tactics and personal tactical skills in the process of game. @

5. Conclusion

Tactical analysis aims to find players in sports b ?ersonal Néoam to use tactical
mode or competition strategy in finish the task m rocess.N\NBased on application of
automatic analysis method of video games tactic, n ly can&e sports professionals to
obtain competition strategy needs, but also the Q‘lty of s @ans can browse to the game
content. Trajectory information team is an i nt feat g\ revealing the tactics of the
situation. According to the trajectory of , can.c ete the tactical interaction pattern
recognition and classification in th . Th =’propose the player and the ball
trajectory analysis to produce tactic s of exprassion the trajectory team projects equally
applicable to other tactical analys mtwn%&ed on in multiple objects (player, ball).
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