System and Method for Replay Generation for Broadcast Video FlIELD OF
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mass appeal to large global audiences has led to increasing research attentions on
sports domain in recent years.
Studies have been done on soccer video, and promising results have been reported.
These researches mainly focus on semantic annotation, indexing, summarisation
and retrieval for sports video. They do not address video editing and production such
as automatic replay generation and broadcast video generation.
Generating soccer highlights from a live game is a labour-intensive process. To
begin with, multiple cameras are installed all around the sporting arena to maximise
coverage. Each camera is often designated a limited aspect of the game such as
close-up on coaches and players to capture their emotions. A skilled operator
therefore necessarily mans each camera, and their combined entourages add values
to the broadcast video to approximate the live atmosphere of the real thing. A
broadcast director sits in the broadcast studio, monitoring the multiple video feeds,
and deciding which feed to go on-air. Of these cameras, a main camera that is
perched high above the pitch level, provides a panoramic view of the game. The
camera operator pans-tilts-zooms this camera to track the ball on the field and
provide live game footage. This panoramic camera view often serves as the majority
of the broadcast view. The broadcast director, however, has at his disposal a variety
of state-of-the-art editing video tools to provide enhancement effects to the

broadcast. These often come in the form of video overlays that includes textual



canmera operator pans-tilts-zoons this canera to track the ball on the field
and provide live gane footage. This panoram c canera view often serves as
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selection is on-going, the video footage would generally switch to the camera views
featuring players and coaches close-up, and also possibly crowd cheers and their
euphoric reaction. Once the replay selection is completed and the replay is ready to
play, the video feed may then switch over to the slow-motion replay video.
Furthermore, there are often more than one alternative views of the goal-mouth, e.g.
from the front, side, and rear. Therefore, the director may also command that
another replay from a second view be launched. All in all, the entire replay sequence
would typically last for not more than 30-40 seconds.

These replay clips are then immediately available for further editing and voice-over.
Typically, these are then used during the half-time breaks for commentary and
analysis. They may also be used to compile a sports summary for breaking news.

At least one embodiment of the present invention seeks to provide a system for
automatic replay generation for video according to any of the embodiments
described herein.

SUMMARY OF INVENTION

In accordance with a first aspect of the present invention there is provided a method

for generating replays of an event for broadcast video comprising the steps of



woul d typically last for not nore than 30-40 seconds. These replay clips
are then imedi ately available for further editing and voi ce-over.
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broadcast video incorporating said replay. The replay video nay be
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conprise the steps of extracting a plurality of features fromsaid canera
video feed, and inputting said features into an event nodel to detect said
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Said step of extracting the plurality of features may comprise the step of analysing
an audio track of said video feed, determining an audio keyword using said audio

analysis and extracting the features using said audio keyword.
Said audio keyword may be determined from a set of whistle, acclaim and noise.

Said step of extracting a plurality of features further may comprise the step of
analysing a visual track of said video feed, determining a position keyword using said
visual analysis and extracting the features using said position keyword.

Said step of determining a position keyword may further comprise the steps of
detecting one or more of a group consisting of field lines, a goal-mouth, and a centre
circle using said visual analysis and determining said position keyword using one or

more of said group.

Said step of extracting a plurality of features may further comprise the step of
determining a ball trajectory keyword using said visual analysis and extracting the

features using said ball trajectory keyword.



detecting one or nore of a group consisting of field Iines, a goal-nouth,
and a centre circle using said visual analysis and determ ni ng said

posi ti on weyeswoizsi ng one or nore of said group. Said stepcaboseednscti ng a
plurality of features may further conprise the step of determi ning a bal
trajectory keyword using said visual Enalysis and extracting the features
using said ball trajectory keyword. Said step of extracting a plurality of
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Said step of inputting said features into an event model may further comprise the
step of classifying said event into one of a group consisting of an Attack event, a

Foul event, an “Other” event , and a No event.

The method may further comprise the step of automatically detecting boundaries of

said event in the video feed using at least one of the features.

The method may further comprise searching for changes in the at least one of the

features for detecting the boundaries.

Said step of generating a replay video of said event may comprise the steps of
concatenating views of said event from at least one camera, and generating a slow

motion sequence incorporating said concatenated views.

Said step of generating the broadcast video may comprise the step of determining

when to insert said replay video according to predetermined criteria.

Said replay video may be inserted instantly or after a delay based on said

predetermined criteria.



noti on sequence incorporating said concatenated views. Said step of
generating the broadcast video nay conprise the step of determ ning when to
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predetermned criteria. Said predetergined criteria may depend on
classifying said event into one of a group consisting of an Attack event, a
Foul event, an "Qther" event , and a No event. Said video feed may be from
a main canera. In accordance with a second aspect. of the resenft i.pvention
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determ sing one nore of Said group.
video incorporating said replay.

Said détector may extract a plurality of features from said camera video feed, and

inputs said features into an event model to detect said event.

Said detector may analyse an audio track of said video feed, determines an audio
keyword using said audio analysis and extracts the features using said audio

keyword.

Said audio keyword may be determined from a set of whistle, acclaim and noise.

Said detector may analyse a visual track of said video feed, determines a position

keyword using said visual analysis and extracts the features using said position

keyword.

Said detector may further detect one or more of a group consisting of field lines, a
goal-mouth, and a centre circle using said visual analysis and determines said

position keyword using one or more of said group.

Said detector may determine a ball trajectory keyword using said visual analysis and

extracts the features using said ball trajectory keyword.
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Said detector may classify said event into one of a group consisting of an Attack

event, a Foul event, an “Other” event , and a No event.

Said detector may further detect boundaries of said event in the video feed using at
least one of the features.

Said detector may search for changes in the at least one of the features for detecting

the boundaries.

Said replay generator may concatenate views of said event from at least one
camera, and generate a slow motion sequence incorporating said concatenated

views.

Said broadcast generator may determine when to insert said replay video according

to predetermined criteria.

Said broadcast generator may insert said replay video instantly or after a delay

based on said predetermined criteria.

Said predetermined criteria may depend on classifying said event into one of a group

consisting of an Attack event, a Foul event, an “Other” event , and a No event.



In accordance with a third aspect of the present invention there is

provi ded a data storage nedi um havi ng stored thereon conputer code neans
for instrwotzbewgposszaonputer to execute a nethod for generatisagors@pézags of an
event for broadcast video, the nethod conprising the steps of receiving a
video feed; automatically detecting sa}i d event fromsaid canmera video feed;
generating a replay video of said event, and generating broadcast video
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to the attack events into the video taken by the main canera according to

one enbodi nent of the present invention. Figure 8 is a flow diagram of how
to InsegpiBE hESARIPTIONOF THE DRAWIRES! S ' Mt ©
One preferred form of the present invention will now be described with reference to
the accompanying drawings in which;
Figure 1 is a flow diagram of replay generation and insertion according to one
embodiment of the present invention.
Figure 2 is a flow diagram of how to detect the events from the video taken by the
main camera according to one embodiment of the present invention.
Figure 3 is a flow diagram of how to detect the boundaries of the events according to
one embodiment of the present invention.
Figure 4 illustrates an example of views defined in a soccer game according to one
embodiment of the present invention.
Figure 5 illustrates the example frames of the views defined in a soccer game
according to one embodiment of the present invention.
Figure 6 is a flow diagram of how to generate replays from detected events
according to one embodiment of the present invention.
Figure 7 is a flow diagram of how to insert the replays related to the attack events
into the video taken by the main camera according to one embodiment of the present
invention.
Figure 8 is a flow diagram of how to insert the replays related to the foul events into
the video taken by the main camera according to one embodiment of the present

invention.



the video taken by the main canera according to one enbodi nent of the
present invention.Figure 9 is a flow diagramof the training process to
produce paoanmst@e®iof noni ntrusive frame detection accordirsg2003/0000a8
enbodi nent of the present invention. Fig 10 is a bl ock diagram of typical
broadcasting hardware conponents. Figgre 11 is a block diagram conparing
br oadcast and mai n-canera video according to one enbodi nent of the present
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enbodi mint of the &epgepé@l nventji.on. Figure 16 is an illustration of fast
centre &P PEFE npRedi A thegyraengnyen enmbodi ment of the present
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one enb t he prese I nventi on igure 18 i s an exanple graph
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Figure %%Fﬁgs@ﬁtidvbﬁﬁbﬁatlon of the CN output at various |ocations
accordin 0 one enbodi nent of the present invention. Figure 2 1 shows a

f1ow chEngure|1|4J|§tamdlu$tgatmm@ftmew -ing defectien ragording ngm@dlment of the
present invention.
Figure 15 is an illustration of goal-mouth detection according to one embodiment of
the present invention.
Figure 16 is an illustration of fast centre circle detection according to one
embodiment of the present invention.
Figure 17 is an illustration of texture filtering according to one embodiment of the
present invention. '
Figure 18 is an example graph showing the keywords during an event moment of
attack according to one embodiment of the present invention.
Figure 19 is a graph of an example replay structure according to one embodiment of
the present invention.
Figure 20 is an illustration of the CN output at various locations according to one
embodiment of the present invention.
Figure 21 shows a flow chart illustrating a method for detecting a view change
according to an example embodiment.
Figure 22 shows a flow chart illustrating a method for generating replays of an event

for broadcast video according to an example embodiment.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
With reference to Figure 11 in order to provide automatic replay generation the
present invention may rely on live video from the main camera video feed 1102.

Such a live feed contains neither post-production information nor multiple camera
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100 and sbBegr éwshitdaeknot poesédiestisptenmstaal sttugereer at e broadcast video 110.
In detail the events related to replays are detected at step 102 and the
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of the %trgé)dscais? vﬂe%u{ 1eO.JIn\Ic\fe|’te|1il t?fé g\}esn éj ?eslggedi t?) rtelrj)iar;/'s aEr\elae étet?t%%:leaqctsitgg 102
and the boundaries of each respective event detected at step 104 based on the
incoming video. The replays may be generated at step 106 based on the detected
events and the event boundaries. The generated replay is inserted at step 108 into
the live video to generate the broadcast video 110.

Each of the steps in Figure 1 will be discussed in turn.

Event Detection

Event detection (referred to in step 102 in Figure 1) is now described in more detail
with respect to Figure 2. For event detection from the video taken by the main
camera, the video 200 is first demuxed at step 202 into visual 206 and audio 204
tracks. From these tracks (and potentially other sources) various features are
extracted at step 208. The features are used in various event models at step 210 to
detect events within the video.

The feature extraction (step 208 in Figure 2) is now described in more detail with
reference to Table 1. The features extracted result in a set of keywords that will be
used in detecting events (step 102 in Figure 1), generating replays (step 106 in
Figure 1), and replay insertion replays (step 108 in Figure 1).

Table 1: Analysis description table
ID Description Analysis




Event detection (referred to in step 102 in Figure 1) is now described in
nore detail with respect to Figure 2. For event detection fromthe video
t aken by wbeossaiops2eanera, the video 200 is first denmuxegcatsGaowpod® i nto
visual 206 and audi o 204 tracks. Fromthese tracks (and potentially other
sources) various features are extracted at step 208. The features are used
in various event nodels at step 210 t1§ detect events within the video. The
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keywor ds ln;'nat Wa%i'“?%?g@?ﬂo' ndetecid g events (step 102 in Figure 1),

generati|ng?repl 6 in Flgure 1), and replay insertion replays

(step 1087 N Fi 3 I ARG S description tableVisual analysis
(F1, F2, ES) Th;ﬂéﬁas‘ﬂg?thalﬁ%@%rﬁs Tay u?é?lvolva 3 keywords: F1,F2, and F3 .

Posi tionft ymor@%ﬁﬁ%%%mhm%qaword referred to as F1 in Table 1)
on (2

reflegts .he | g lay in { soccer|field will now be discussed in
nore det Fj Wi T n To FlguRhes;L3-1 In the exanple field shown in
Fi gure 13a5the pygﬁéﬁﬁgwgﬁbided i n gﬁ areas or positions. In Figure 13b
symmetrical regions in the field are given the sane |abels, resulting in 6
keyword | abels. Video fromthe main canera may be used to identify the play
region t{he fi . T aw,ideo will only show a cropped version of the
field a&ﬂﬁﬁ%aﬁ%&ﬁw' Wg%aﬁgans and zoons. I n one enbodi nent play regions
spannin h ' i ; ' Whked. 7 | e to identify the regions,
t he fol ?Bgdvﬁsﬁ%bé&s%e@%gr'@);ownéagﬁggwégogg:E’(j% 9Plgejlgd-l ine locations, (2)
goal -mouth | ocation, and (3) centre circle location. Field-line detection
Fi el d | Positiootkeywosd (F9 one factor in determining the Fi keyword. In detai

referring to
The Position keyword (referred to as F, in Table 1) reflects the location of play in the

soccer field will now be discussed in more detail with reference to Figures 13-15. In
the example field shown in Figure 13a the field is divided into 15 areas or positions.
In Figure 13b symmetrical regions in the field are given the same labels, resuiting in

6 keyword labels.

Video from the main camera may be used to identify the play region the field. The
raw video will only show a cropped version of the field as the main camera pans and
zooms. In one embodiment play regions spanning the entire field are identified. In
order to identify the regions, the following three features may be used: (1) field-line
locations, (2) goal-mouth location, and (3) centre circle location.

Field-line detection
Field line detection is one factor in determining the F; keyword. In detail referring to
Figure 14 in order to detect field lines within a particular frame, each frame is divided
into blocks, 16x16 pixels in size as an example. In Figure 14b dominant colour
analysis may then be applied and blocks 1400 with less than half green pixels are

blacked out, otherwise the block 1402 remains unchanged. A pixel with (G—-R)>1T
and (G-B)>T, is deemed as a green pixel, where R, G, and B are the three
colour components of the pixel in RGB colour space, and the threshold 7] is set to

20 in our system. While this figure was most applicable for most soccer video, one



Figure 14 in order to detect field lines wthin a particular frame, each
frame is divided into bl ocks, 16x16 pixels in size as an exanple. In Figure
14b dom meiot2omaioedzn anal ysis may then be applied and bl echsGrdB®oems h | ess
than half green pixels are bl acked out, otherw se the block 1402 remains
unchanged. A pixel with (GR > Tl aqg (G B) > Tx is deened as a green

pi xel, where RL G, and B are the three col our conponents of the pixel in

RGB col euillednAtRe aandilt 5?pﬁé&l’eﬂé tols thnly ahSexéiiple GardDah BpPrdpriats tijiire \dah! €
this figure was nost applicable for nost soccer video, oneskilled in the

art wi | begasilgobiained for anywsysferdn exanpl e and an appropriate figure can be
easily obtained for any system In Figure 1l4c the col our inage may then be
convert ¢l Kigurgr d¢c stbal eolaud irndge riay dben dre iconugiied dd greynscale and edge

i nandBteqiRg 1 appt SSind EopR o RABRA A0 Re det fo iR Bt fhen
for eachy hialancen kilinhite, Bl LODEAGEUdloctih irodiSl Winkdy BBY fBatell oved

to increase until no nore than 50 edgé pixels (as an exanpl e) generat ed

from eaglaptigsly for Ra@Hr blosRMANEInttidl ishealf Ureshsidf ielydbé | iedvvhicto gy Bke S0
edge pixels within a 16x16 block). In Figure 14d the edges nmay then be
t hi nned allewed gpxiacregsat Ut me mese taary H0Teda fixels (#FRMmexample) ganefatedet ect

co- or di HaT6aEF Bk (f b gldinfid ihé, 3 IR HeRE A€ B GEN AR, 50 lehicels
angul ar witpirpadiexasebloelgp e Figuet Vi4arttle dgestmay tieérmberthinped tof1 pixeewidth
detected in the frame as seen_in Figure l1l4e. Goal -nouth detection The

det ecti 6ﬁddhetwg‘j‘blﬁj’l§§9%’n &ng) peay,Re ysed tpqistect W"Q%e-raﬁdinﬁﬁrﬁﬁtﬁc‘ﬁﬁii@h S
anot her ' M ? ' \V n nore detail referring to
Fi gure f&éiﬁ?ﬁm\éeﬂ‘gag?%ﬁ)égrgé%ﬁga@?85’%?? dgg@gé%éhstrai ned to white in the

vi deo feed, cqal oyr ,based. detectj.on algorithm may be adopted. In Figure
o0 Lo Booh) Y LRSS detectipn ol ¥ be adop :

where p, and g, are the i” radial and angular co-ordinate respectively and N is the

total number of lines detected in the frame as seen in Figure 14e.

Goal-mouth detection

The detection of two goalposts may be used to identify the goal-mouth which is
another factor in determining the F; keyword. In more detail referring to Figure 15 if
the goalposts and crossbar are constrained to white in the video feed, a colour
based detection algorithm may be adopted. In Figure 15b the image may be
binarized into a black/white image, with white pixels to 1 and other pixels to 0.
Vertical line detection and region growing operation may be subsequently applied to
detect and fix the broken goalpost candidates, respectively. When performing region
growing, every black valued pixel can grow into a white pixel if it is connected with no
less than 2 white pixels (using 4-connection).

In Figure 15a it is apparent that as the main camera is usually at a fixed location
overlooking the middle of the field, the goal-mouth view is slanted. We may apply the
following domain rules to eliminate non-goalpost pixels:

1. The height of two true goalposts may be nearly the same and within a suitable

range.

2. The distance between two true goalposts may be within a suitable range.



binarized into a black/white inmage, with white pixels to 1 and other pixels
to O . Vertical line detection and regi on growi ng operation may be
subsequenvbyoappbs2ed to detect and fix the broken goal pest/scacdiodeues,
respectively. Wen perform ng region growi ng, every black val ued pixel can
growinto a white pixel if it is conngcted with no less than 2 white pixels
(using 4-connection). In Figure 15a it" is apparent that as the main canera
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goal -mouth view is slanted. W ray apply the | owi ng domain rules to

el i m nat e $bAPgDaHEHES sQUREE @rtrapemm hei ght of two true goal posts may be
nearly the same and within a suitable range. 2. The di stance between two
true god. pddiese may be soittehwhite pixels abhrectimggtbe uppEinoftthe two drieggadipostss may

forma parall el ggram_ as opposed to |ess |ikely shapes such as square or
trapezi um %IH Ei‘l’&'g ncg@?&i&%rﬁﬁ% pi xel s connect i ng the upper of the
two true goal posts due to {he presence of the Cros bar In Figure 15c if

there i - ndh Eiquiad Seithgralsspere nfgealpgstca JG%eW%eiaw eetiBer or m
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to Figure 16 due to the position of the main canera, its inage capture of
t he centreotharwis® yppoars—to be an el lipse 1604. To detect this ellipse,
the line detection results may be used to .locate the halfway |ine 1600.
Secondly, thedupecireDigectione 1602 and | ower border |ine 1606 of the
possible ellipse may be | ocated by horizontal

Centre circle detection is a further factor in determining the F; keyword. Referring
now to Figure 16 due to the position of the main camera, its image capture of the
centre circle appears to be an ellipse 1604. To detect this ellipse, the line detection
results may be used to locate the halfway line 1600. Secondly, the upper border line
1602 and lower border line 1606 of the possible ellipse may be located by horizontal
line detection.

There may be 4 unknown parameters {x,,y,,a’,b’} in a horizontal ellipse
expression, where (x,,y,) is the centre of the ellipse 1608, a and 5 are the half

major axis 1612 and half minor axis 1610 of the ellipse.

The y-axis location of the two horizontal borderlines are y,,y,,, , we have:
w=p @

_ yup +ydown

5 ©)

Yo

2
b2 =(ydown2_yup ] (4)

where p, is the centre vertical line found in Eq.(1). The unknown parameter o* can

be computed by the following transform to 1-D parameter space:



| ine detection. There may be 4 unknown paraneters {xo,yo,a2,b2} in a

hori zontal ellipse expression, where xo,yo0) is the centre of the ellipse
1608, a awo 206aeszihe hal f maj or axis 1612 and hal f m necTaGeshédas of t he
ellipse. The y-axis |location of the two horizontal borderlines are yup
,ydown , we have: X0 = P1 (2 ) y0 = Ly}r?{z + dow' (3) where p is the centre
vertical line found in Eq. (1). The nown paraneter a2 can be conputed by
the foll ow ng(ygig sformto 1-D paraneter space: To i nprove efficiency, we
may onlwzneeé—t—e—‘gy&l,—ueﬁﬁ)s (c,y) fromregion 2 1604 to conpute a2. The above
steps may bb‘@b@l"d)e/é’ to all possible border line pairs and the a2 found
with the | argest accunul ated value in paraneter space is considered to be

t he sol Ut immproVbi efficiehtygdveagapenbbheed do levaliate t (rgy e flonpsegioneh 1604 ite

cropped provided the centre vertical line, upper and | ower border are
pr esent compateefected centre circle may be represented by its central point
(xe,ye) . If no centre circle is detected, then ce=ye =-\. Position keyword

creatio i e ! ! tj2t ¢
et wor & TRAEER SERINAR b anifiedl R AMbosiisRboRRy MSTArPal@ iRy L fobfid
goal - nowtith, thendargest aenumalatéd oladue Thepathimebersspace 3¢ comsitigpeddonbe the

I i fi nod h d i f t. field., The. 1
nodes. ¢ SRIIO" dhisGetmad Bivie 2be Thlocatk et eihSs Ven s HoRESH AIBVEY be
i denti f iesl RptrENGeribASTHE, rﬁg&@rﬂf |dtéYbortize 4l RSEAL EFhd detdited @ehfiei Ng

manner: at tinme t , every ected field-line (pit ,qit ) , together with
t he goalkiraleuniay begrepresarded dyt itse centrall poigt(sy, v, )y df ndp denminescitdie is datasted,
vector v, (0 where / = 1..JV, Nis the nunber of lines detected at each
time t then x,=y,=-1.

Position keyword creation
In one embodiment the present invention adopts a Competition Network (CN) to
detect the F; keyword using the field-lines, the goal-mouth, and the centre circle. The
CN consists of 15 dependent classifier nodes, each node representing one area of
the field. The 15 nodes compete amongst each other, and the accumulated winning

node may be identified as the chosen region of play.
The CN operates in the following manner: at time ¢, every detected field-line (p,,6,),
together with the goal-mouth (x,,y,) and centre circle (x,,y,) forms the feature
vector v,(#) where i=1.N, N is the number of lines detected at each time ¢.
Specifically, v,(t)is

Vi) =[P 00> Xgs Ve Xers Yu ] 1=Ls N (B)

The response of each node is
N
= wyv,@® j=1.,15 (7)
i=l

where

wj =[wj1,Wj2,...,wj6] j=15"':15 (8)



Specifically, v,(0Oi V(O=IA "W' ' = - (6) The response of each node is
where j s[wb w 2,..., w 6] j =1,..., 15 (8)is the weight vector associated
wi th the wonoe09s21. .. 15 for the 15 regions. The set of pairscagswoaes at
timet is {/(0} = argmax{r,(0}5 (9) However, {/ (/)} sonetinmes is not a
single entry. There are 3 possible Sﬁ%narios for{/(0} , i.e, a single

W nning entry, a row winning or colu w nning entry of the 15 regions.

T not T 7 ARAMHetdinalscelita [N Ml (Ohddes TLIZS MUt e 18irebifis gD !

may not rove cl assi ati1on’ performnce, ccunul at ed

r €SPONS @By whing ABRES BetiRe RA(t) =RI(t-\) +rJ(t)-a-Dist{j,f(t))- b (10)
where R) is the accunul ated response of node j , a is a scaling positive
constant, b is.the atten s fagtor, and Dist(j,j*(t)) is the Euclidean
di stance bet e@ﬁoﬁ%"},@{%&i}m ne#r est i nstantaneous w ni ng node within the
list {/ (Y)) . The variable a-Dist(j,f(t)) in Eq(1O corresponds to the

fode | 1 eﬁ%@*@ﬁﬁ%)ﬁ%o#%ﬁé&‘%ﬁi*??t?t?i‘é@%%@?"rﬁ%ef dfe 516038 s irerBRce ©f
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time instan s set tof_l(t). , otherwise 1t remains unchanged. Ball
traj ect 013y (at) be robust. To improve classification performance, the accumulated

response may be computed as

R, ()= Rj(t——1)+lg(t)—a-Dist(j,j*(t))—,B (10)
where R,(¢) is the accumulated response of node j, a is a scaling positive
constant, Bis the attenuation factor, and Dist(j, ;" (r)) is the Euclidean distance
between node ; to the nearest instantaneous wining node within the list{;*(¥)}. The

variable «-Dist(j,j*(t)) in Eq(10) corresponds to the amount of attenuation

introduced to R,(f) based on the Euclidean distance of node j to the winning node,
the further away, the larger the attenuation.

To compute the final butput of CN at time ¢, the maximal accumulated response may

be found at node j*(r) where
J )= argmax{R, ()Y (1)

If R, (1) is bigger than a predefined threshold, the value of position keyword F at

time instant ¢ is set to j*(¢), otherwise it remains unchanged.

Ball trajectory (F,)

The trajectory of the ball may be useful to recognise some events. For example, the
relative position between the ball and goal-mouth can indicate events such as
“scoring” and “shooting”. The ball trajectory is obtained using a trajectory-based ball
detection and tracking algorithm. Unlike the object-based algorithms, this algorithm
does not evaluate whether a sole object is a ball. Instead, it uses a Kalman filter to



The trajectory of the ball may be useful to recognise sone events. For
exanpl e, the relative position between the ball and goal -nouth can indicate
event s suwb 28e/00820r i Nng” and "shooting”. The ball trajeecwosg2005/00i2usi ned
using a trajectory-based ball detection and tracking algorithm Unlike the
obj ect - based al gorithns, this algorithm does not eval uate whether a sole
object is a ball. Instead, it uses alRal man filter toeval uate whether a
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posi tion keyword nodel, goal-nouth location (referred to as F3 in Table 1)
i tsel f thebélkinegadhisameant indi cator of an event. A goal -nmouth can be
formed by the two goal posts detected, and may be expressed by its four

ver t exeGodlpiduth dgcationt(@x) (cit ylt ) , left-bottomvertex (xlb ylb ) ,
right-top vertex (xrt yrt ) , and rightbottomvertex® yrb ) . The F3
keywor d BesidesReing used irsposition kéjpwomimadel, geakmEiEth locatian {refereed tmae f3as

th [ 1y foll , f th | | h
ot on 1 dpBler 2y el B e 1RBRHAR, IndRaET o eunt. A dngbmiaiie @b
det ect Fd’rﬁ’igoeb)ﬁ ke GNE FERSHISRIRtedidl AHERRIY be RYPREdsRA SRS Ybat Pertdhss:

canmera not1on keyword “using notion vector field information available from
the conefetpedertexien, $,0r teft-bottommuartexdet,ai,)), vighttapeventante, y,p), Ringurightt 7 t he
F keyword generation may involve a texture filter being applied to the

ext r act bdttomtvestex(eg tvg)sThe F, rkeyowed ica WR*awectoiBetosame MPEG | /11 noti on
vectors are specifically for prediction-correction coding, in |owtextured
M cro BMutlon(avB)ysis iB )correl ati on method for notion estimation mght fail
to reflect the true notion. It may be better if the notion vectors from.

| ow t extrunesbchBE game, @scthedmain vamerganerally doliows dipg nagvesaent ofgherhall, |

frame t%engé"‘r%léfae rr'lcgtlson (referred to as F4 in Table 1) thus provides an important cue to

detect events. In one embodiment the present invention calculates the camera
motion keyword using motion vector field information available from the compressed

video format.

In more detail with reference to Figure 17 the F; keyword generation may involve a
texture filter being applied to the extracted motion vectors to improve accuracy.
Because MPEG l/lIl motion vectors are specifically for prediction-correction coding, in
low-textured Micro Block (MB), the correlation method for motion estimation might
fail to reflect the true motion. It may be better if the motion vectors from low-textured
MBs are excluded. We compute the entropy of each MB from | frame to measure its
texture level, using the following equation:

255

Entropy = _Z Pr *log,(py) (12)

k=0

where p, is the probability of the £” grey-level in the MB. In Figure 17b if Entropy is

below a threshold 7;, the motion vector 1700 from this MB is excluded.

An algorithm is used in the example embodiment to compute the pan factor p,, tilt
factor p, and zoom factor p, of the camera. It is assumed that after the texture

filtering, there are totally A high texture MBs included. The coordinate of the i” MB



texture level, using the follow ng equation: 255 Entropy=- pk *log2( )
(12) Jt=0O where pk is the probability of the kth grey-level in the MB. In
Fi gure 1Avoi2bocdEnds20py is bel ow a threshold 3, the noti orCYscRars/0802d9 from
this MBis excluded. An algorithmis used in the exanple enbodinment to
conpute the pan factor pp , tilt fact1 r pt and zoom factory of the canera.
It is assuned that after the texture Tiltering, there are totally M high

texture;JVBs_| ded. . ! : e iS(X F{ i ihh S
coor di it & T ohs a5 o ingRy e ek fulated Waherls 5508, 71 "andind motibh
vector \&cforis p."WeHQ\Vé Xx x" m (13) and So I=~ ] (16) L J Z Also the
average notion‘hagnitude pmis conputed as: Thus a notion activity vector
is formed as a neasure of the r’rg.t__igm@.ctivi t(y3)Audi o analysis (F5) In one
enbodi ment the purpose of the atdi 6'keyword (referred to as F5 in Table 1)
may be Lagl abel each audio frane with a predefined class. As an exanple 3
cl asses can be defined as: "whistle", "acclainl and "noise". In one

enbodi ment the Support Ve%t_(_)rl &%}u ge_(lsg'} ;W th Hgﬁ foll owi ng ker nel
function is used to cl ass f"y—~~1 au iﬁﬂfi_l,gy') =cC | X~y 2 ) ¢c=8 (14) c As
the SYM nmay be a two-class classifier, it may be nodified and used as

"oneagaigast- all" for our three-class problem The input audio feature to
t he SVM may be y o _
_mzzﬂﬁff)g;ﬁ 45)
Dalg=¢&ll
[“=£—E (16)
b p

Also the average motion magnitude p, is computed as:
LS 17
Py 2mle (D)

Thus a motion activity vector is formed as a measure of the motion activity

[pz’pp!pt’pm]T *

Audio analysis (F;)

In one embodiment the purpose of the audio keyword (referred to as F5 in Table 1)
may be to label each audio frame with a predefined class. As an example 3 classes
can be defined as: "whistle", "acclaim" and "noise". In one embodiment the Support
Vector Machine (SVM) with the following kernel function is used to classify the audio

t=enZ220  omg (14

As the SVM may be a two-class classifier, it may be modified and used as "one-
against-all" for our three-class problem. The input audio feature to the SVM may be
found by exhaustive search from amongst the following audio features tested: Mel
Frequency Cepstral Coefficients (MFCC), Liner Prediction Coefficient (LPC), LPC
Cepstral (LPCC), Short Time Energy (STE), Spectral Power (SP), and Zero Crossing



found by exhaustive search from anongst the foll ow ng audi o features
tested: Mel Frequency Cepstral Coefficients (MFCC), Liner Prediction

Coef fi ci em0 2046R0Y521LPC Cepstral (LPCC)1Short Ti me Ener gpCciSGE)0s/08pagt r al
Power (SP), and Zero CrossingRate (ZCR). In one enbodi nent a conbi nati on of
LPCC subset and MFCC subset features e enpl oyed. Post-processi ng One
possi bl e function of post-processing may be to elimnate sudden errors in

cr eat ed Rety WBCR). InTbae keebvsditientaecambinatios ©fRCC subsetandtMFCOnsulssett he
keyword val ue shoul d not change too fast. Any sudden change in the keyword
sequenc &AHEGS e ¥BAYYEdr ed as an error, and can be elininated using

maj orityvoting wthin a sliding window |length of w, and step-size ws
(frane) Postprefesséigent keyword, the sliding wi ndow has different w, and ws

Craj oct ST BoyRBIc hugtion, BP Rkl BRbeb YR ik b2, Riffiug pdkbrs opBf, n
smoot hedrdytetiak ds| tRe kegwrabrdsiareh cbasat isemantiv WipteSentations| sb and = 8,
the sliding windowis conducted on - 1 and non-1 value; nmption activity

d

keywor d keyword, yales shevldceels change tﬁ%pflaﬁbd‘\ﬁ)é suddes egnge i dhe rigyword
conpres | deo; dj r . = =} Foi 4 of
oSt - pr SEuHGRE can UCLGSGR 86 ari eMor, ShdinBe SRRl Nioiha iRl

Audi 0 | gbhg within ar sifiefl wisded lomgth ofmal laevd stepdiirg Wi (feme). Zeorsdiffarentr
systen) conpared with visual frane rate (25fps, each video frame |asts
40ms) . keywerd, fiiee sliding wirdpie hae differemt ae andaiy, défivedlexperiantiatige, it is easy
to synchroni se them After post-processing, the keywrds are used by the

event mpdeL8siish kBy&dt £ w, =25 andw, =10;
+ ball trajectory keyword F, : no post-processing is applied as it has been smoothed

by Kalman filter;

. ¢ goal-mouth location keywordF;: w,=12 andw,=8, the sliding window is

conducted on -1 and non--1 value;

+ motion activity keyword F,: no post-processing is applied as it is objective from

compressed video;
+ audio keyword F;: w, =5 and w, =1

Another function of post-processing may be to synchronise keywords from different
domains. Audio labels are created based on a smaller sliding window (20ms in our
system) compared with visual frame rate (25fps, each video frame lasts 40ms).
Since the audio sequence is twice that of video sequence, it is easy to synchronise

them.

After post-processing, the keywords are used by the event models (step 210 in
Figure 2) for event detection (step 102 in Figure 1), in detecting event boundaries
(step 104 in Figure 1), generating replays (step 106 in Figure 1), and inserting
replays (step 108 in Figure 1)
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To find general criteria on the selection of event for replay, a quantitative study of
143 replays in several FIFA World-Cup 2002 games was conducted. It may be
shown that all of the events replayed belong to three types in Table 2, and our
system will generate replay for these events (the types are examples only and a
person skilled in the art could generate an appropriate set of event types for a give
application).

Table 2. Table captions should be placed above the table
Total | Attack | Foul | Other
Number 143 70 67 6
Percentage 49% 47% | 4%

The labelled-event Attack consists of scoring or just-missing shot of a goal. The
event Foul consists of a referee decision (referee whistle), and Other consists of
injury events and miscellaneous. If none of the above events is detected, the output

of the classifier may default to "no-event".

2) Event moment detection
Events may be detected based on the created keywords sequences. In broadcast
video the transitions between the type of shot/view may be closely related to the -
semantic state of the game, so Hidden Markov Model (HMM) classifier, which may
be good at discovering temporal pattern, may be applicable. However, when
applying HMM on the keyword sequences created in the above section, we noticed
that there is less temporal pattern in the keyword sequences, and this makes the
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i( ¥e) 3nd Fndiodeyword ( £7); used is the SYMwith the Gaussian kernel
basis function (RBF)) in Eq(14).

+ Foul classifier: position keyword (F;), motion activity keyword (F,) and audio

keyword (F,);
+ Other classifier: position keyword ( F;) and motion activity keyword ( F}).

The chosen keyword streams are synchronised and integrated into a multi-
dimension keyword vector stream from which the event moment is to be detected.
To avoid employing the heuristics, a statistical classifier to detect decision boundary
is employed, e.g. how small the ball-goal-mouth distance is in "Attack" event, how

slow the motions are during a "Foul" event.

The output of each classifier is "Attack"/no-event, "Foul"/no-event and "Other"/no-
event respectively. The classifier used is the SVM with the Gaussian kernel (radial
basis function (RBF)) in Eq(14).

To train the SVM classifier, event and non-event segments are first manually
identified, mid-level representations are then created. To generate the fraining data,
the specific event moments within the events are manually tagged and used as
positive examples for training the classifier. Sequences from rest of the clips are
used as negative training samples. In the detection process, the entire keyword
sequences from the test video are feed to the SVM classifier and the segments with

the same statistical pattern as event moment are identified. By applying post-
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Event Boundary Detection
Event boundary detection(referred to as step 104 in Figure 1) will now be described
in more detail with reference to Figures 3, 4 and 21. If an event moment is found, a
search algorithm will be applied to search backward and forward from the event
moment instance to identify the duration of the event. The entire video segment from

this duration is used as the replay of the event.

There are many factors affecting the human perception or understanding of the
duration of an event: One factor is time, i.e. events usually process only a certain
temporal duration. Another factor is the position where the event happens. Mostly
events happen in a certain position, hence scenes from previous location may not be
of much interest to audience. However, this assumption may not be true for fast
changing events.

A first embodiment of event detection is shown in Figure 3. If an event is detected at
step 300, we first analyse the frames taken before this event to detect view change
at step 302 and view boundary at step 304 to identify the starting boundary of the
event at step 306. Similarly, we also need to analyse the frames taken after the
event to identify ending boundary of the event at step 312 by detecting the view
change at step 308 and view boundary at step 310. Usually, there is a typical view
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the minimal and maximal offset threshold respectively. ¢ is set to the time when the

location keyword F, changes in step 2104, or when the maximum offset threshold D

is reached in step 2106.

A forward search is applied to detect the ending view change ¢, (referred to as step

308 in Figure 3). The algorithm (not shown) is similar to the backward search, except
the thresholds may be different and that the search moves forward in time. In one
embodiment different types of events require different thresholds. Such thresholds
can be easily found by empirical evaluations.

Replay Generation

Replay generation (referred to as step 106 in Figure 1) will now be described in more
detail with reference to Figure 6. After an event 600 and its boundaries may be
detected in step 602, we can get a time period corresponding to this event. We may
concatenate videos of this period taken by the main camera in step 604 and other
cameras in step 606 to form a video sequence. A slow motion of the video sequence
is generated in step 608 is then incorporated as the replay of this event in step 610.
Replay Insertion

Replay insertion (referred to as step 108 in Figure 1) will now be described in more
detail with reference to Figures 7 and 8. Based on the events and event boundaries
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This is based on the sports game rules.

Since foul events may be different from attack events in sports games, we use a
different method to insert replays related to foul events into the video. Referring to
Figure 8 if a detected event in step 802 belongs to foul event 804, the replay of this
event is generated in step 806. In parallel, we extract a set of features in step 808
from current video frame received after the event and match them in step 810 to
parameters 812 obtained from a learning process. If they match in step 814, the
current frame can be used as the starting point to insert replay in step 818. If they do
not match, the current frame may not be suitable for replay insertion, and the next
frame is examined in step 816.

The parameters and learning process (referred to as step 812 in Figure 8) will now
be discussed in more detail with reference to Figure 9. The video frames received in
step 900 are analysed by the parameter data set, which includes decision
parameters and thresholds. For example, the parameter set may specify a certain
threshold for the colour statistics of the playing field. This may then be used by the
system to segment the video frame into regions of field and non-field in step 902.
Then active play zones are determined within the video frame in step 904. Non-
active play zones may indicate breaks such as fouls. While the performance will rely
on the accuracy of the parameter set that may be trained via an off-line process,

using similar video presentations as a learning basis, the system will perform its own
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immediately following the event if subsequent segments are deemed un-interesting.

The other replay class, delayed replay, occurs for several reasons:

a) the event is missed by the panoramic camera (MP),

b) the event to be replayed is followed by an interesting segment (F1), hence

the broadcaster has to delay the replay, and

c) the event is important and worth being replayed many times (IE).
The event detection result that has segmented the game into sequentially
“avent’/*no-event” structure, as illustrated in Figure 19 row 1 (1900), is the input to
the replay generation system. If an event segment is identified, the system examines
whether an instant replay can be inserted at the following no-event segment, and
react accordingly. This is shown in Figure 19 row 2 (1902) and 3 (1904) where
instant replays are inserted for both event 1 and event 2. In addition, the system will
examine whether the same event meets the delayed replay condition. If so, the
system buffers the event and inserts the replay in a suitable subsequent time slot.
This is shown in Figure 19 row 2 and 3 where a delayed replay is inserted at a later
time slot for event 1. Figure 19 row 4 (1906) shows the generated video after replay
insertion. |
Instant Replay Generation

The replay starting time ¢, and ending time 7, may be computed as:
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i nsertion. Instant Replay Generation

+ high motion but position not at area 2 in Figure 13b — the penalty area.
If so, an instant replay is inserted.

Delayed Replay Generation

Delayed replays may be inserted for MP, Fl or IE events. The events may be
buffered and a suitable time slot found to insert delayed replays. In addition, to
identify whether an event is an IE event, an importance measure / is given to the
event based on the duration of its event moment as generally the longer the event

moment, the more important the event:

I=t

e

t

ts

(17)

Events with 7> 1: are deemed as important events. In the example embodiment, 7: is
set to 80 frames so that only about 5% of events detected become important events.
This ratio is consistent with broadcast video identification of important events. The
duration of the delayed replay is the same as the instant replay in the example
embodiment. The system will search in subsequent no-event segments for a time
slot with ¢, —¢,, in length that meets the condition of no motion.

If such a time slot is found, a delayed replay is inserted. This search continues until a
suitable time slot ié found for a Fl event, or two delayed replays have been inserted

for an IE event, or a more important |IE event occurs.
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area 4 is low compared with the other labels. This may be because Field area 4
(Figure 13b) has fewer cues than the other areas, e.g. it does not have field-lines or

goal-mouth or centre circle. This lack of distinct information thus may result in poorer

accuracy.
Table 4. Accuracy of line model
Location | Precision | Location | Precision
1 86.3% 2 89.6%
3 84.2% 4 49.9%
5 77.7% 6 100.0%

The location is the 6 labels given in Figure 13(b)

Ball trajectory
Ball trajectory test is conducted on 15 sequences (176 seconds recording). These
sequence consists of various shots with different time duration, view type and ball

appearance. Table 5 shows the performance.

Table 5. Accuracy of ball trajectory

#det. & # false
accuracy
tracked positive
4283 25 98.8%
Audio keyword

Three audio classes are defined: “Acclaim”, “Whistle” and “Noise”. A 30 minutes

soccer audio database is used to evaluate the accuracy of the audio keyword
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To examine the performance of our system on both main camera video and

broadcast video, 50 minutes of unedited video from the main camera recording of S-
League game and 4.5 hours of FIFA world cup 2002 broadcast video are used in the
experiment. Specifically, as the broadcast video database 1100 is an edited
recording, i.e. it has additional shot information besides the main camera capture
1102 (as illustrated in Figure 11), the non-main-camera shots are identified and
filtered out. Only main camera shots are used to simulate the video taken by the
main camera. The event detection is performed and the results from these two types

of videos are listed in Table 7 and Table 8, respectively.
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50% is used as

The performance of the audi o feature selected by

Table 7. Accuracy from unedited video

Event |Recall| Precision | BDA
Attack| 3 [60% | 100% 72.2%
Foul 10 |77.7%| 70.0% [71.4%
Other | 2 150.0%| 50.0% [80.0%

Table 8. Accuracy from broadcast video

Event|Recall| Precision | BDA
Attack | 23 |94.7%| 78.3% [69.4%
Foul | 51 |83.9%| 72.8% [80.9%
Other | 12 | 80% | 66.7% 65.0%

BDA: boundary decision accuracy



w th existing techniques where feature selection is done by using domain
know edge. Table 6. Accuracy of audi o keywords creation Event Detection To
exam ne twe 2pavdogs2znance of our system on both main caneraTsGdes/ oands

br oadcast video, 50 minutes of unedited video fromthe main canera
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either missing the extract event moment by the main camera or an unpredictable
duration of camera movement. These reasons affect the event moment detection
and hence affect the boundary decision accuracy.
Automatic replay generation
As both the automatically generated video and the broadcast video recorded form
broadcast TV program are available in the example embodiment, one can use the
later as the ground truth to evaluate the performance of the replay generated. The
following table compares the automatic replay generation by an example
embodiment to the actual broadcast video replays.
Table 9: Replay by broadcast video

video Automatic Broadcast
total 37 15
same 13
missed 2
recall 86.7%
precision 35.1%

The term “same” in Table 9 refers to replays that are inserted in both the
automatically generated video and the broadcast video. From Table 9 it can be
observed that, though the main camera captures at 3 times slower than real-time
speed as the replay (v =3.0in Eq.16), the duration of the replay segments generated
are shorter that the replays in broadcast video. This may be mainly because the



and hence affect the boundary decision accuracy. Automatic replay
generation As both the automatically generated video and the broadcast
vi deo r ecwodeeb/does2m broadcast TV program are avail abl e iPoTISIG0S 8028 €
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The present invention may be implemented in hardware and/or software by a person
skilled in the art. In more detail Figure 12 illustrates the functional modules which
comprise one embodiment of the present invention. The low-level modules 1200
extract features from the audio stream 1202, visual stream 1204 and motion vector
field 1206. Here we have assumed that the audio information is available from the
video taken by the main camera. The mid-level 1208 analyses these features to
generate keyword sequences 1210. The high-level 1212 combines these mid-level
keywords to detect events 1214 and their boundaries 1216. In addition to these 3
levels, an application level 1218 generates replays 1220 and inserts them into the
video 1222 based on event detection results and mid-level representations.

It will be appreciated by one skilled in the art that Soccer is only used as an example
and the present invention is applicable to a wide range of video broadcasts. For
example any application where it is desired to provide replays or highlights of a given
video sequence the present invention might be useful.

Figure 22 shows a flow chart 2200 illustrating a method for generating replays of an
event for broadcast video according to an example embodiment. At siep 2202, a
video feed is received. At step 2204, said event is automatically detected from said
camera video feed. At step 2206, a replay video of said event is generated, and at

step 2208 broadcast video incorporating said replay is generated.



The present invention may be inplenmented in hardware and/or software by a

person skilled in the art. In nore detail Figure 12 illustrates the

f unct i onavorrebuloe1whi ch conpri se one enbodi ment of theppraseotsobevgnt i on.
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as an exanp and the present i1 nvention 1s applicable to a wi de range” of
vi deo billastraties and Beg neiiatgrideddo\besipmnycsariserdimitinge it is desired to
provi de replays or highlights of a given video sequence the present
i nvention mght be useful. Figure 22 shows a flow chart 2200 illustrating a
met hod for generating replays of an event for broadcast video according to
an exanpl e enbodi nent. At step 2202, a video feed is received. At step
2204, said event is automatically detected fromsaid canmera video feed. At
step 2206, a replay video of said event is generated, and at step 2208
broadcast video incorporating said replay is generated. To those skilled in
the art to which the invention relates, many changes in construction and
wi dely differing enbodi mnents and applications of the invention will suggest
t hemsel ves wi thout departing fromthe scope of the invention as defined in
t he appended clains. The di sclosures and the descriptions herein are purely
illustrative and are not intended to be in any sense limting. CLAIMS 1. A
nmet hod for generating replays of an event for broadcast video conprising
the steps of



receiving a video feed automatically detecting said event fromsaid canmera
video feed generating a replay video of said event, and generating

br oadcastwwoi2d@mopszeor porati ng said replay. 2. A nethod aeTsiGaiosmdous cl ai m
1 wherein the replay video is autonatically generated. 3. A nethod as
claimed in clainms 1 or 2 wherein thﬁgéeplay is automatically incorporated
into said broadcast video. 4. A net as clainmed in any one of clains 1 to
3 wher .ﬂAﬁﬁéd step of autonmatically detecting said event conprises the
steps of extracting a plurality of features fromsaid canera video feed,
and inputting said features into an event nodel to detect said event. 5. A
nmethod as clainmed in claim4 wherein said step of extracting the plurality
of featur &% nrRdd fsregeridrating egplajs ahahyevieny farbraadcastt vided compsiging thiedeo
feed, determ ning an audi o keyword using said audi o anal ysis and extracting
the featursd@Ps:8f ng sai d audi o keyword. 6. A method as claimed in claim5

wherein said i le determined froma set of whistle, acclai mand
noise. 7. A n%%%wdng%oﬁfﬁeg in any one of clains 4 to 6 wherein said step

of extracti ngawomatically tgtecfing saiduevent from said caonenai \ddeo faed st ep of

anal ysing a visual .track of said video feed, determ ning a position keyword

using sai d Vi S%%ﬁra’é\'i‘\%PJEP%yé’ﬁ%e%Qﬁ%{ﬁﬁvﬁaglaﬁg features using said position

keyword. 8. A @@rﬁé‘rﬁﬁﬁﬁrﬁda@a@?ﬂdba ifdAbORatingReicieplapi d step of deternining
wor rt

a position ke er conprising the Steps of detecting one or nore of
a group consisting of field lines, a goal-nmouth, and a centre circle using
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nor e of
generated.

3. A method as claimed in claims 1 or 2 wherein the replay is automatically

incorporated into said broadcast video.

4. A method as claimed in any one of claims 1 to 3 wherein said step of
automatically detecting said event comprises the steps of
extracting a plurality of features from said camera video feed, and

inputting said features into an event model to detect said event.

5. A method as claimed in claim 4 wherein said step of extracting the plurality of
features comprises the step of analysing an audio track of said video feed,
determining an audio keyword using said audio analysis and extracting the

features using said audio keyword.

6. A method as claimed in claim 5 wherein said audio keyword is determined from a

set of whistle, acclaim and noise.

7. A method as claimed in any one of claims 4 to 6 wherein said step of extracting a
plurality of features further comprises the step of analysing a visual track of said
video feed, determining a position keyword using said visual analysis and

extracting the features using said position keyword.



9. Anethod as clainmed in any one of clainms 4 to 8 wherein said step of
extracting a plurality of features further conprises the step of

det er m niwgQ 280cbmb321t r aj ect ory keyword usi ng sai d vi sual pamsiGeaissoeas
extracting the features using said ball trajectory keyword. 10. A nethod as
claimed in any one of clains 4 to 9 erein said step of extracting a
plurality of features further conprising the step of determning a

goal -nout h | ocati on keyword using said visual analysis and extracting the
features using said goal -nouth |ocation keyword. 11. A nethod as clained in
any one8ofAahethosl astalain@dnireclsim gawhersine saist stepr phdlsteignipingl arRASHgN of

features further, copprising.the e L ysl: | ' I deo
food.  dot ARG CashPaing e Biely B Gty b8 STmiets L it 200
extract i ngedrigstirRbifiefl WAbSJasgbal-mptihprariai eehlye keisct@ndingl 2aidAvisehod as
clained in any one of clains 5 to 11 wherein said step of defecting said
event furtaralysis apdidsierminigsiait pesition keywarchusigaane ‘E’e’i‘ﬁﬂfﬁﬁ Al GESURS ¢ hi n
a novi ng wi ndow and/ or synchroni sing the frequency of the keyword val ues
for at | east one of said position keyword, said ball trajectory keyword,
sai d gogl - Apnéthot esailainied<inyamy che ebcldimodito B wistriein s3idlstgmof exteatingaa d

audi o keyword. 13. A method as cl ai ned in a%y ogﬁ Pf clains 4 to .12 wherein
sai d step PEraliof featyremfithergQmpisesihe §ieP-0 ABSIENUNI ], DA TAIEEIY i ses

the step LS divd i 3 ' Urakting tHE FBLFES UsHig B8idOban
Att ack ev%ﬁﬁ”@t’a o‘%‘%{é %\%{'&o‘rslt%!sglgﬁ\éﬁgyﬁzaspéﬁ%vent ,l gnd a No evenﬁgm. A et hod
as cl ai nedrajectony keyweordt clains 4 to 13 further conprising the step of
automatically detecting boundaries of said event in the video feed using at

| east one of the features. 15. A nethod as clained in claim14 further

conpr | Siﬂ.gAﬁétgeﬁidg%léiﬁ{edqhaa?ﬂE&mé B élfnsl th ©aFher@iesaill Stls of erfradtig 4 or
detecting the boundari es. o
plurality of features further comprising the step of determining a goal-mouth
location keyword using said visual analysis and extracting the features using said

goal-mouth location keyword.

11. A method as claimed in any one of claims 4 to 10 wherein said step of extracting
a plurality of features further comprising the step of analysing the motion of said
video feed, determining a motion activity keyword using said motion analysis and

extracting the features using said motion activity keyword.

12. A method as claimed in any one of claims 5 to 11 wherein said step of detecting
said event further comprises the step of constraining the keyword values within a
moving window and/or synchronising the frequency of the keyword values for at
least one of said position keyword, said ball trajectory keyword, said goal-mouth
location keyword, said motion activity keyword and said audio keyword.

13. A method as claimed in any one of claims 4 to 12 wherein said step of inputting
said features into an event model further comprises the step of classifying said
event into one of a group consisting of an Attack event, a Foul event, an “Other”

event , and a No event.



16. A method as clained in any one of clains 1 to 15 wherein said step of
generating a replay video of said event conprises the steps of

concat enavongoonioesas of said event from at | east one canmecasGand/ogeaer ati ng
a slow notion sequence incorporating said concatenated views. 17. A nethod
as clainmed in any one of clains 1 to _16 wherein said step of generating the
br oadcast video conprises the step oﬁzdeternining when to insert said

repl ay h\?\%on%‘fﬁéﬂ g5 Athitfh %%?tcﬁ{éfbﬁagin% gter ipurthdr cOnBHsiRpiRSstepaifmed
claim1l erein sard replay video Is Inserted instantly or arter a del ay
based on sautbrmaticly efatecting boundaries. of aid Avert indbeadded feadusiopatieast
wherein said prgdeiqerm’ ned criteria depend on classifying said event into
one of a gPHGrPf 7 %Weﬁg of an Attack event, a Foul event, an "Qther"
event , and a No event. 20. A nethod as clainmed any one of clainms 1 to 19
wherein said video feed is froma main camera, 2 1. A systemfor generating
repl ays 16t Aamethashas tlaimed daglaimt 14/ fuither comprising searcbingrfos changes iadbever

for receiving a, video, feed,a [, j cally detecting said
event fromaé%%t 83%8?31%/%%‘86%zéﬁégpgﬁgva%é%tegr for generating a
replay video of said event, anda broadcast generator for generating

broadcast video incorporating said replay. 22. A systemas claiped in claim
2 1 wherléi A saethodcas alaimask in Y onepPlrakaimsy Tofo F Enwhersin Sgid SigR Haner a

vi deo feed, i np | - ' ; to detect said
event. 23. gﬁﬁge%[{ngr#é%lmgﬁéS)?%%fog%%d%%gﬁ\xﬁ%%Zli%n S@% fdet ector anal yses
an audi o trackconcatenating views of said event from at least one camera, and

generating a slow motion sequence incorporating said concatenated views.

17. A method as claimed in any one of claims 1 to 16 wherein said step of
generating the broadcast video comprises the step of determining when to insert

said replay video according to predetermined criteria.

18. A method as claimed claim 17 wherein said replay video is inserted instantly or
after a delay based on said predetermined criteria.

19. A method as claimed claim 17 wherein said predetermined criteria depend on
classifying said event into one of a group consisting of an Attack event, a Foul

event, an “Other” event , and a No event.

20. A method as claimed any one of claims 1 to 19 wherein said video feed is from a

main camera.

21. A system for generating replays of an event for broadcast video, the system
comprising
a receiver for receiving a video feed
a detector for automatically detecting said event from said camera video
feed
a replay generator for generating a replay video of said event, and



of said video feed, determ nes an audi o keyword using said audi o anal ysis
and extracts the features using said audi o keyword. 24. A system as cl ai ned
i n clai mR8 2eéwnes2n sai d audi o keyword is determ ned freoracaets/ood24hi st e,
acclaimand noise. 25. A systemas clainmed in any one of clainms 22 or 24
wherein said detector analyses a vis track of said video feed,

determ nes a position keyword using d visual analysis and extracts the

features using; SHHEIRRT! deritato? ep rqfene%&ind% bYYSd Bt Adéd GhEBPorating 8ai 25
wherein said detector further detects one or nore of a group consisting of

field |inegephlaygoal -nouth, and a centre circle using said visual analysis
and determ nes said position keyword using one or nore of said group. 27. A
systemas clained in any one of clains 22 to 27 wherein said detector
determ nes a ball trajectory keyword using said visual analysis and

extracts the features using said ball trajectory kecg(gord. 28. A system as
cl ai med 32 Ausystene asf claimedin siaimg2% gvbgreine saids detectrrt extrants @ piralityeef a

Peatures. SpARes, Mot SYCEATER RIGR IR AEIndR S4, fedl0fbsitho U Bvedl | |
any one of mbdelnd datedteaidBewdntr ei n sai d detector further anal yses the

notion of said video feed, determnes a notion activity keyword using said
notion analysis and extracts the features using said notion activity

keywordog3th sfuEiPLE Mdihed! A cHifh 28 vilibref Sail et b Bndsbe afoalilsPick sai d
det ector ¢onstrai ns the keyword values wthin a noving ndow and/ or

synchr oni sef shitevitlee feed,cgetefmines arepudicdkeyavardsuding said hedistanalysisfandai d
position ke rd, said ball trajectory keywrd, said goal-nouth |ocation
keywor d, s%ﬁgﬁﬁthﬁg‘e f‘?ﬁ/'f‘?'?glg@!ﬂf\ﬁﬁ'q{xé(ﬁéf‘x@ﬁi'd audi o keywor d.

24. A system as claimed in claim 23 wherein said audio keyword is determined from

a set of whistle, acclaim and noise.

25. A system as claimed in any one of claims 22 or 24 wherein said detector
analyses a visual track of said video feed, determines a position keyword using

said visual analysis and extracts the features using said position keyword.

26. A system as claimed in claim 25 wherein said detector further detects one or
more of a group consisting of field lines, a goal-mouth, and a centre circle using
said visual analysis and determines said position keyword using one or more of

said group.

27. A system as claimed in any one of claims 22 to 27 wherein said detector
determines a ball trajectory keyword using said visual analysis and extracts the

features using said ball trajectory keyword.

28. A system as claimed in any one of claims 22 to 28 wherein said detector
determines a goal-mouth location keyword using said visual analysis and

extracts the features using said goal-mouth location keyword.



31. A systemas clained in any one of clainms 22 to 30 wherein said detector
classifies said event into one of a group consisting of an Attack event, a
Foul evenwo 280/000X2mer” event , and a No event. 32. A sysrcemcassobeused in
any one of clains 22 to 3 1 wherein said detector further detects
boundaries of said event in the vi de% feed using at |east one of the
features. 33. A systemas clained in ¢ ai m 32 wherein said detector

sear chegof SArsQfs‘?é}ﬂga‘ésclbwné@m ahy bRESF MImsE2 td1e8 vamireiresaifl dletstbefliritieg t he
boundaries. 34. A systemas clained in any one of clains 2 1 to 33 wherein

sai d repl agnglyses dhermation of eaid visepi ford, determines e Aotionoastivity | keywordne

concat enat Uag; G miash Rn8lfsFEahd BARERCIE ToRRRG R0 PR Filibe oty 5,

wherei n sakgyfprpdcast generator deternines when to insert said replay
vi deo according to predetermned criteria. 36. A systemas clainmed claim35
wherein said broadcast generator inserts said replay video instantly or

after a,gdel.a (0] L4 .ar t ) £ri har la.onl WES i med

ol o m ag0uRePRRE feoBiaRed 1] SV TOF Haifly B8 1207 wheraHobie] détefldt

event i nt oconstraihs she keywporbusliues iwithina moviAgt witkloew and/or syfchronisesrthe an

"Other" event , and_a No event. 38. A's stetm as cl ai ned ?nﬁ] one of cl.gins 2
5@@8015 18

1 to 37 whirauanaaphthekeywaid yalies iiak/spat ong keywordh alfter a.
39. A datapgh FAGAoRPRENBIN SR gRaRARMH ISLABR RS sak HROHTRAASVIT

I nstructing a conputer execut & a nethod for gererating replays of an
event for kepadckand saidendio keywertdhod conpri sing the steps of receiving a
video feed automatically detecting said event fromsaid canmera video feed

31. A system as claimed in any one of claims 22 to 30 wherein said detector
classifies said event into one of a group consisting of an Attack event, a Foul
event, an “Other” event , and a No event.

32. A system as claimed in any one of claims 22 to 31 wherein said detector further
detects boundaries of said event in the video feed using at least one of the

features.

33. A system as claimed in claim 32 wherein said detector searches for changes in

the at least one of the features for detecting the boundaries.

34. A system as claimed in any one of claims 21 to 33 wherein said replay generator
concatenates views of said event from at least one camera, and generates a

slow motion sequence incorporating said concatenated views.

35. A system as claimed in any one of claims 21 to 34 wherein said broadcast
generator determines when to insert said replay video according to

predetermined criteria.

36. A system as claimed claim 35 wherein said broadcast generator inserts said

replay video instantly or after a delay based on said predetermined criteria.



generating a replay video of said event, and generating broadcast video
I ncorporating said replay.
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37. A system as claimed claim 36 wherein said predetermined criteria depend on
classifying said event into one of a group consisting of an Attack event, a Foul

event, an “Other” event , and a No event.

38. A system as claimed any one of claims 21 to 37 wherein said receiver received

said video feed from a main camera.

39. A data storage medium having stored thereon computer code means for
instructing a computer to execute a method for generating replays of an event for
broadcast video, the method comprising the steps of

receiving a video feed

automatically detecting said event from said camera video feed
generating a replay video of said event, and

generating broadcast video incorporating said replay.



