WO 2006/009521 PCT/SG2005/000248 1 System and Method for Replay Generation for Broadcast
Video FIELD OF INVENTION This invention relates broadly to methods and systems for replay
generation for broadcast video, and to a data storage medium having stored thereon computer code
means for inSY P ETdmputer to execute a method for generating repldfstGCHI ¥ MAtor
broadcast video. BACKGROUND OF INVENTION The growing interest in sporting excellence and
patriotic passions at both the international level ahd the domestic club has created new culture and
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mass appeal lobal audiences fhas led 10 Increasing research attentions on sports domain in
recent years. Studies have been done on soccer video, and promising results have been reported.
These researches maingi focus on semantic annotation, indexing, summarisation and retrieval for

sports videbiEhEy @F 1Bt VEMIIENeo editing and production such as automatic replay generation
and bfoadCﬁ%Vm@n%gﬂgrﬂgg% BRIGIRNNY SReRGENIIAORIR M adiveanmeds lahgHr gtensive

process. To begin wi e cameras are Installed all around the sporting arena to maximise
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camera, and their combined entourages add values to the broadcast video to approximate the live
atmospherBbeUsst &Y kG CasHidsSeast director sits in the broadcast studio, monitoring the multiple

video feedg gngesRiciDNIRIcFeRIVENTIgpMr. Of these cameras, a main camera that is perched
high above the pitch level, provides a panoramic view of the game. The camera operator
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however, ht%ée fjgprgf%sd::?gnqrg?rll.as\gaagggyvideo is widely distributed over various networks and its
mass appeal o large global audiences has led to increasing research aftentions on
sports domain in recent years.
Studies have been done on soccer video, and promising results have been reporied.
These researches mainly focus on semantic annotation, indexing, summarisation
and retrieval for sports videc. 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 mulfiple 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-tilis-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



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 2 score-board and game statistics,
game-time, player substitutions, slow-motion-reptay, etc. At sporadic moments in the game that he
deems appropriate, the director may also decide to launch replays of the prior game action. Figure 10

shows addig yRaed mc%ﬁ?@éﬁtéﬁd%%m%rﬁa,tim’ap@mmer@m_memrwames 1000 are

also associated with each individual video feed that can typically store about 60 seconds worth of
prior Vid&&-When an interesting event, e.g. a goal, has occurred in the game 1006, at the director's
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launch a review. of the video feed 2. The Director then.selects.an appropriate start ment that
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video feed may then switch over to the slow-motion replay video. Furthermore, there are often more

than one 204G BRAEHR TBRS G A PHbGh fe Bupshaneviamotite YAaGdard 1R8%[0Re the
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play generation for video according to any of the embaodiments described
: typically done within 10 seconds of the event. While the selection is on-going, the
video footage would generally swiich 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 fo play, the video feed may
then switch over to the siow-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
anaiysis. They may also be used to compile a sports summary for breaking news. At
least one embodiment of the present invention seeks fo 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



herein. SUMMARY OF INVENTION In accordance with a first aspect of the present invention there is
provided a method for generating replays 3 in a broadcast video of a broadcast event, the method
comprising the steps of: receiving a video feed of the broadcast event; automatically detecting a
replay event in the broadcast event from said video feed of the broadcast event; generating a replay

video of sgidyaptadexsntiasd attemaisadysgenrintinadne bnecsershyitae ahthetdpoasicast event
incorporating said replay videg. The replay video may be automatically generated. The replay may be
automatiéﬁﬁ?’m%rﬁefﬁgé’dfﬁﬁg %&B%PE%&%%?R)?&(&S@M%}@@Bﬁﬁﬁ%ﬁ{f&ﬁy’%@@éﬁﬁa Laid event
may comprigectihesiepssofensinadtong sajplwaldy dééentfrésefrbroshidst aavens; \gdeerfdimg, and inputting
said features into. . an event model to detect said t..Sai f.extracti rality.of features
may comf)e Zgﬁﬁ’édset%r?}g?%{na{f%% egﬁna?ug@fg@é%}}i@%ﬁ@ééﬁ%&éﬁé@%rﬁﬁ%r%%%ﬁ\gﬁ%/% keyword
using saidfabdidorandhais aahexeanivngting tedduiepasiidesaid 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 keywesgisgigesaithyisual gonlysinangexératsng 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

determinig SR BSRCANIABIR WHloRIE AU AU SRR of extracting a pluraly

of features may turther tomprise the's etermining a ball trajectory keyword using said visual
analysis and extracting the features using said ball trajectory keyword. WO 2006/009521

PCT/ SGZQQ%/ Q%égautomaticauy detecting said event may comprise 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.

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 exiracting the featurés 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.



4 Said step of extracting a plurality of features may further comprise the step of determining a
goal-mouth location keyword using said visual analysis and extracting the features using said
goal-mouth location keyword. Said step of extracting a plurality of features may further comprise the
step of anaNhrgogtesntition of said video feed, determining a motion acttdE/HKPpMGP148ing said
motion analysis and extracting the features using said motion activity keyword. Said step of detecting
said event may further comprise the step of cons#aining the keyword values within a moving window

and/or synghronising the frequency of the . ke sal itl yword,
said ball trgﬁ'@[o E?Fggy?w%ﬁ,ggg?& g%eﬁ%%‘iﬁh%g%gaoyr‘? égjvégsaaﬁé@%é%%é%nﬁ fg%%\%{gg k%%/%:?kg and said
audio keywietdrBiing ey ohimuitinipsaiigrdamverthisiag saihvisetanmalpifuane cedingling the step

of classifyi{p,%ljggq&ggq}g@) %}%@5&9{&5{9 rRasisinephamAttack event, a Foul event, an "Other”
met

event, and’'a No event. T d 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 seaiching i cBaRgamY Sheiatdagsteieaiies frajurentier delegling thesbetaries. Said
step of generating a replay video of said event may comprise the steps of .concatenating views of said
event fromPREREEIHE CASHS bR UHERFR QRTINS JBHOR AS I SOER) e

concatenateghvewrroaidisies sidereaisiing e fostadenstindemit ayotiompdtethkssteprdf
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. 5 Said predetermined
criteria magaidpsted of didssiiyinsaihievent maytdutieotargposg tensienrmf ebaatyinior &ent, a Foul

event, an JOther event2NHRNG HSRhSRIA PR ARAG BRNdRHRRG MERSRBRE 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.

Said step of inputting said features into an event modet 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 6f generating the broadcast video may comprise the step of determining
when to insert said replay video according fo predetermined criteria.

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

predetermined criteria.



In accordance with a second aspect of the present invention there is provided a system for generating
replays in a broadcast video of a broadcast event, the system comprising: a receiver for receiving a
video feed of the broadcast event; a detector for gutomatically detecting a replay event in the
broadcast event from said video feed of the broadcast event; a replay generator for generating a
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roadcast video of the br, ast event incqrporating said replay video. Said detector may extract a
plurality of {85 HRH &ﬁﬂ‘%a??{g%’ﬂf&ﬁé&ﬁ%r‘?&’ﬁ%ﬂ%iﬁﬁ%aﬂﬂ%@ NRE¥ALvent 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 Raif idgatsesineayfksirarsst GrithtameeEeclaim 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

consistindloPRERIIRIEE YibA-sRAXN AfPactHibeiRieseshinvantiorshetmasy srovidadidermines
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keyword using said visual analysis and extracts the features using said ball trajectory keyword. WO

2006/0095THSERE @ SBERNISHE B YNNI AUEEIEh bR RIRAL R RSAb RINFSRERE Pkeyword
using said wisuaticaihlyiteatidgeatraptsythedaainrie usingisait goahimainhdgcalicskeyaosd. Said
detector f [ lyse.the motion of said video feed, determines a .motiop actjvity keyword
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keyword yalus3 iatatieReh P i afsRiiRg Ll e play video,

Said detector 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 frack 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 frack 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.



keyword, said ball trajectory keyword, said goal-mouth location keyword, said motion activity keyword
and said audio keyword. 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 Sf@AMEYEREIN the video feed using at least one of the featuRs/SaPE8EHOr 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 fldm at least one camera, and generate a slow motion

Sequence Iagp/ngG S FOSRITIAL iewsrals NRAMEAHSARIRICLIIRY deigrginipvhen (o

insert said replay video according to predetermined criteria. Said broadcast geferator may insert said
replay videdaisEn apGeYitact fadpabusedengaridsokiairHidacalien feBdRi bredetermined
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. 7 Said receiver may receive saig video feed from a main
camera. InSREARPRIWNRY FIS RGNS S RATNGERRA KdrRei ?ﬁgwﬁ%@‘g‘ﬂ?ﬁﬁ 8torage
medium havisigRtartdith depnoranisingrodensikan s femisriranting@actsmipetésdaaxeagiagn method
for generating replays in a broadcast video of a broadcast event, the method comprising the steps of
receiving asﬁ%éﬁ)‘?@g'a %‘?ﬁhﬁ* QB%%’({SSt event; automatically detecting a replay event in the broadcast
event from said video feed of the broadcast event; generating a replay video of said replay event; and
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described witchepaiepedite fieaurpeRfaidfpuraiinyeuesfacrat least one of said position

keyword, said ball frajectory keyword, said goal-mouth location keyword, said mofion
activity keyword and said audio keyword.

Said detector may classify said event into one of a group consisting of an Atfack
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 seguence incorporating said concatenated

views.

Said broadcast generator may determine when to insert said replay video according
fo 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 *Cther” event , and a No event.



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 ’bresent 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 gai@¥aEBRIEr FhHEMS&IGHRAMHINIAPRRRT FaMa AcsRrdingdone 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 enentsongsaEdingtHROMHEBORsEMeNiHe, HhesainspRt it tinteriguievidep dloMagiagram of
how to insert the re %%/s related to the attack events into the video taken by the main camera

accordingX8'G9E MU 07 %h & BreCe REMFPBNFOM IRy £898 IMRAPSIARfraRFBHAAG t&insert the
replays retatieqhitethfeaxdeevents intetibe islegdakenity Hapnainicampraakesidingds one
embodim he,present, invention., WO 2006/009521 PCT/SG2005/000248 8 Figure 9 is a flow
diagram c?f%%%g%ir%e;ﬁgctggsmg {pp‘r%c(i:lucgén Bg%?ﬁgé?sso?%%ﬁﬁﬁ?ﬁ%ﬁ%gfr%n\#edg%%t{e;é%ﬁ a?&?ording to
one embobklioasicast guepiesuttralisatly ridigtingia adseok eliagtamtbé thpicaldard axleadtingrhardware
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one embodiment of the present invention. Figure 1 lagram of the framewor automatic
replay gerf¥@itforAnsy stEtAraatsAdN PR errdingn BriRieAtershevjsieachft e Mioadeaglievestis an
illustrationidfR eARREEAIGR Jel according to one embodiment of the present invention. Figure 14
is an illustration of Field-line detection according to one embodiment of the

BRIEF DESCRIPTION OF THE DRAWINGS

One preferred form of the present invention will now be described with reference fo
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 {o insert the replays related fo the attack events into
the video taken by the main camera according fo one embodiment of the present
invention.

Figure 8 is a flow diagram of how to insert the replays related {o the foul events into
the video taken by the main camera according to one embodiment of the present

invention.



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 GRXR®SHAEENL invention. Figure 18 is an example graph shoRAIRSERKEMadrds 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 emifodiment of the present invention. Figure 20 is an

on exer _ cling to one emiocim .
vention, FINE 21 Era Fa LA bR o Bonas B R BEPEEE ing o

an exampléémpdifrine dgrriopaskhowidg floRNerembngirmatinhgidhadisendiny@méiening replays of

an event g dRAcRtioldoRArERI g iR anraRaSiAg Radinea BiIALRE DESCRIPTION OF
PREFERRED EMBODIMENTS With reference to Figure 11 in order to provide automatic replay

generation fisrdddnablesttidiranaly @ eR1ie MagsrshritMAinemfrRHER PREOIYND2. Such

a live feed gopiainsheithei-ROSHIO PrsHon: ipasmiakon nor multiple camera WO 2006/009521
PCT/SG20Q5/000248 . 9 views nor,comme\frga{%e‘ian ormatiorggat islr%vail ble in ihe broadcast video
N r

1100. ThuS'HRr thds &PBakSRefa tHBHSAYR th P8 EN Pt S 6BIHe SE e R er
problem is §patesncostovithey itasrancaxbotiegis ohtisytrdeanicvebuiiual and audio features extracted

may be affected by.many factors.such. as audience. gi%g 4 ather, Juminance ec.éfl on(fe ecting
the "interes%?ﬁb“esg/g:”l&e%}é ft@?sré%s}gﬁ 3 %’u%tgg?g ?frrﬁé{(}or rgpI%yai%%%ﬁfgﬁ é 88%%”312%% Cetel 61 minimise
the view intearppasantiowentiermain camera. For soccer event detection in an example embodiment,

the Figure 14 is an illustration of Field-line detection according to one embodiment 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 accorging 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 Hlusiration of the CN output at various locations according to one
embodiment of the present invention.
Figure 21 shows a flow chart illustrating @ 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 fo 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



same semantic event can happen in different situation with different duration, as soccer events do not
possess strong temporal structure. Figure 1 illustrates a method of replay generation and insertion
according to one embodiment of the present invention. Replays are generated from the video taken
from the maifWweerer4R0 and inserted back into the same video to genenate/dsrmaslioastyideo 110. In
detail the events related to replays are detected at step 102 and the boundaries of each respective
event detected at step 104 based on the incomin@ video. The replays may be generated at step 106

based on the detect nts,and.the event boundariges..: ted replay is insert step 108
o the IvaeBa ) oI e R F, o e B Rl ssec
in turn. Evémubdmedbri@senaddiectiondrisfegeehfodatettionon e iguampldsanvpdissenied in more

detail with fespechiBiTigNR U RUEPARISqiANamARR ROl DGR DiscaMSta, the

video 200 is first demuxed at step 202 into visual 206 and audio 204 tracks. From these tracks (and

potentially Giipdeatiias oxlatiedemaydeniicsiarh B anuirins. stsd Ruridieare wsdtkin various
event modeleagaienuhhimcaeteg) eugpim vabtsting vise ot denkr %ééﬁ@ﬂ%l(ﬁ@;ﬂ%t%én Figure

2) is now described in more detail with reference to Table 1. The features extracted result in a set of
keywords tR{ARIPHETE 80 TPPIRMARSRIG N SHRUEEE $B5REI T R iFsnBRMIRY EPRIPEERE 106 in
Figure 1), grshiehayriapedioneraplbys ¢siempd @ddntfdgtuetibh Trable dxdnplysisrdesinipionttrble 1D
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soccer events do not possess strong temporal structure.
Figure 1 illustrates a method of replay generation and insertion according to one
embodiment of the present invention. Replays are generated from the video taken
from the main camera 100 and inserted back into the same video to generate
broadcast video 110. In detail the events related {o replays are detected at step 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 tum.
Event Detection
Event defection {(referred to in step 102 in Figure 1) is now described in more detall
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 info visual 206 and audio 204
tracks. From these fracks (and potentially other sources) various features are
extracted at step 208. The features are used in various event models at step 210 {o
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 exiracted result in a set of keywords that will be
used in detecting events (step 102 in Figure 1), generaling replays (step 106 in
Figure 1), and replay insertion replays (step 108 in Figure 1).

Table 1: Analysis description fable
D Description ' Analysis




FS Audio keyword Audio Visual analysis (F" FZ, F3) The visual analysis may involve 3 keywords:
F,,FZ, and F3. Position keyword (F,) 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 thersxaitigesfield shown in Figure 13a the field is divided into 1P afgaaemspostions. In
Figure 13b symmetrical regions in the field are given the same labels, resulting in 6 keyword labels.
Video from the main camera may be used to idenrtffy the play region the field. The raw video will only
show a cropped-version-of-the field as the maincamerapans and zooms. In one embodiment play
regions spap#ing the &ftiKe fdfy aRSTihtified Mi8Ustder to| identify the regions, the following three
features may-he-used J") fietd={ime—tocations, ”‘g‘ afl-rmouth location, and (3) centre circle location.
Field-line detéétion Fig% Iiﬁ%’%% Zétion is one ?Z\%cﬁ‘%r in determining the F, keyword. In detail referring to
Figure 14 in otder to agtpgtHeldAiReaMdhin 2 pattigular frame, each frame is divided into blocks,
16x16 pixel$ in size as an example. In_Figure 14b dominant colour analysis may then be applied and
blocks 1400 with less kistichadttvisen pixels argidilzrcked out, otherwise the block 1402 remains
unchanged. Apixelwith-{G-R)>T—and {G-B)>T-is-deemeq as a green pixel, where R, G, and B are
the three coldr con FBiERHSEYMAR pixel in RGBYBIour space, and the threshold T, is set to 20 in our
system. White-this-figure-was mostappticable formostsoccer video, one WO 2006/009521
PCT/SG2005/000248 11 skilled in the art will appreciate it is only an example and an appropriate
figure can \%zﬁﬁ%%ﬂ@@i?ﬂq j—,ﬁz)}r}agllpy system. In Figure 14c the colour image may then be converted to
grey scale and edge ‘detection’is applied using Laplace-of-Gaussian (LOG) method. To reduce the
effect of uhalaizced dnaiysin ceahievbO 6 ZkigpdetiectinAhrestol. Tz may be updated

Posifion keyword (F))
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 yefarence o Figures 13-18. 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, resulting in

6 keyword iabels.

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 deiection 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
intc blocks, 16x18 pixels in size as an example. In Figure 14b dominant colour
analysis may then be applied and biocks 1400 with less than half green pixels are
blacked out, otherwise the block 1402 remains unchanged. A pixel with (G~ R)>T,

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 io

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



adaptively for each block. An initial small threshold may be used which may be allowed to increase
until no more than 50 edge pixels (as an example) generated from each block (in our example a line
such as field-line will generate 50 edge pixels within a 16x16 block). In Figure 14d the edges may
then be thinngd todkspneskvidth and the Hough Transform (HT) may be usedisGietscplings. The lines
detected in each frame may be represented in polar co-ordinates, (p;,6) i=1,2,...,N (1) where p; and 8;
are the /'h radial and angular op-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 %oal osts may be used to
APR(R IR R o

identify the B dIBE VB KA RRIGHRIS ActS PR ETL FEATHY G AR 32 ARBFAPTR R SRYER & eferring

to Figure 1bafetiuthgobtpistd forchorosgitamare 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, withiwigLpixédiachernplouieimags st theartildprvedacttiongaey sagien ardvadgeoperation

may be suiseguenlysalieci s %@5&%@5@%%@@@9%@%@i?a@éd;ﬁeé%%tigﬁ%twhen

performing region growing, every black valued pixel can grow into a white pixel If it is connected with

no less tha ZRistensse $ uEaGes-cBithéEiongdperigipstion fisshisidrént it B tHEYRAKA camera
is usually at a fixed.location overlogking the.middle of.the field, the I-mouth view is slanted. We
may anpy TN R s ) himlat o deslid, A W WK BRENE .
goalposts raliyvies riearyressamdiand wittdrtesuiébisiganxe!s. (Bheatistaanwios tasesraled true

goalposts ithi jt PCT/ : two t
coalnosts e e T e e o) et b eade ptc 0 e
There mayWEhibed G fiebingils BoRigatantttheha ssigest maviihethe Joaprdie 1 pixel width

and the Hough Transform (HT) may be used to detect iines. The lines detected in

each frame may be represented in polar co-ordinates,
(p,0) i=1,2,.,N (1)

where p, and 6 are the i radial and angular co-ordinate respeciively 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 facior in determining the F7 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 intc a black/white image, with white pixels to I 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 middile of the field, the goal-mouth view is slanted. We may apply the
following domain rules fo eliminate non-goalpost pixeis:

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

range.

2. The distance between two irue goalposts may be within a suitabie range.



due to the presence of the crossbar. 5. In Figure 15c if there is more than one goalpost candidate left,
we may select the two form the biggest goal-mouth as the true goalposts. Testing suggests the
accuracy is around 82% over 21540 frames from 5 different game videos. If a goal-mouth is detected,
the goal-moustocendradopzint (xg,yq) is initialised, otherwise xg = yg = -1. Gentse Bactecbxstection
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 gapture of the centre circle appears to be an ellipse
1604. To detect this ellipse, the line detection results maefé)e used to locate the halfway sine 1600.

Secondly, the Uglet¥8rueIiReaRees MR Yo iRs b #8F FHRiCEBR ot & BBesRsIctRIIIBEe H@lVbe

located by horizaatals e lleiestonrd betepaaiuhe 4 unknown parameters {x0,y0,a2,b2) in a horizontal
ellipse expression, where (x0,y0) is the centre of the ellipse 1608, a and b are the half major axis

1612 and hélf mmoeanesy 151 6@hthwieiipsieEheopwaddngdditonppftheftibe hedzomaldeipdatines are
yup,Ydown , w ; = ~cURLE n@B)YO=2J 2 b2=IYdown -Yp (4) 2where p, is
S b

t :
the centre vertical line ). nown parameter a2 can be computed by the following

transform tg 1-f paganaeiSE fasks W e sROHA08RS | LTSS 2NRRIAR0R8 wnad sl ()
-(y-yo) /b To improve efficiency, we may only need tg evaluate (x,y) from re%!on 21604 to
two form the biggest goal-mouth as the true goalposts. Testing suggests the
accuracy is around 82% over 21540 frames from 5 different game videos. i a

goal-mouth is detected, the goalmouth central point (x,,y,) is initialised,

otherwise x, =y, =—1.

Centre Circle Detection
Centre circie 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
cenire circle appears o be an eliipse 1604. To detect this sllipse, the line defection
results may be used fo locate the halfway line 1600. Sscondly, 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, « 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,,,v,,., , we have:

Xy = O (2)
J)up + ydﬁw:i
= i T 2 down 3
Yo 5 (3)
bz ydmvn —_yup ‘ 4
= e | ()

where p. is the centre vertical line found in Eq.(1). The unknown parameter &° can

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



compute a2. The above steps may be applied to all possible border line pairs and the a2 found with
the largest accumulated value in parameter space is considered to be the solution. This method may
be able to locate the ellipse even it is cropped provided the centre vertical line, upper and lower
border are presemtisPhestdetected centre circle may be represented by its eensab@singizes),e). If no
centre circle is detected, then xe = ye =-1. Position keyword creation In one embodiment the present
invention adopts a Competition Network (CN) to ¢tetect the F1 keyword using the field-lines, the
goal-mouth, and the centre circle. The CN consists of 15 dependent classifier nodes, each node
representingzane dreaet the fifyfj. The 15 nodes compete amongst each other, and the accumulated
winning node may be jgEntitied as the chosen region of play. The CN operates in the following
manner: at time t, every detected field-line (,0,,, 0,), together with the goal-mouth (xg"yg,) and centre
circle (xe" yid jrfmmoectrefficiahog wechoayw (iywhersslitd evalyatasthe ndmiveregfilines déddcted at each
time t. Specifically, v,(t) is v,(t)=[Pit,OU,xgt,ygi,xet,yetlT (6) The response of each node is N r1(t}=~rv
v () j=1,..., E8T0PH%RIfere W =[wwi,ww2,...,wj61 j=1,...,15 (8) WO 2006/009521 PC'T/SG2005/000248
14 is the weight vector associated with theé} node, j =1...15 for the 15 regions. The set of wining

nodes at tinhB& APGHS SERFTERYRE13PRECO BRI RIP (BFrssinilamBale bt gie O, There

are 3 possigighsgenagRedeELln iR SRl WIS AT SRS NIBENISRYNS BingRg entry of

the
solution. This method may be able fo locate the ellipse even it is cropped provided

the centre vertical line, upper and lower border are present. The detected centre
circle may be represented by its central point(x,,»,). If no cenire circle is detected,
then x, =y, =-1.

Position keyword creation
in one embodiment the present invention adopts a Competition Network (CN) o
detect the F; keyword using the field-lines, the goal-mouth, and the cenire circie. 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,,8,),
together with the goalmouth (x,,y,) and centre circle (x,,y,) forms the feature
vector v,(¢¥) where i=1..N, N is the number of iines detected at each time r.

Specifically, v,{t}is
vi(t) = [pmgr‘:’ng’ }gf’xenya:]T = L"‘:N (8)

The response of each node is

) = i W) =115 (7)

i=1
where

WJ‘ :[le,wﬂ,...,wjﬁ} jzl,...,15 (8)



15 regions. This instantaneous winner list may not be the final output of the CM1l as it may not be
robust. To improve classification performance, the accumulated response may be computed as
R1(t)=RR(t-1)+r,.(t)-a- Dist(j,j'(t))-6 (10) where R;(t) is the accumulated response of node J, ais a
scaling positiwes mosstast; his the attenuation factor, and Dist(j, j"(t)) is thedeudidran@istance
between node j to the nearest instantaneous wining node within the fist{j"(t)}. The variable a Dist(j,
j (1)) in Eq(10) corresponds to the amount of attepyation introduced to R,(t) based on the Euclidean
distance of node j to the winning node, the further away, the larger the attenuation. To compute the
final outputetiErwaighheacipeassctintgdrdintimtet resisonse malp e hendaregidest Ehehere
j#(t):argmang#t - 15 g&‘gslf Rtgr([tgeis bigger than a predefined threshold, the value of position

m

keyword Fo& AN |saste Jﬁ E) otherwise it remains unchanged. Ball trajectory (FZ) The

trajectory of the ball.may be useful {q regognise some events. For example, the relative position
between the ball ﬁo(t %agrrﬁ(i)]llﬁﬁgéfg%}iﬁdica@events such as "scoring" and "shooting". The ball
trajectory is obtained using a trajectory-based ball detection and tracking algorithm. Unlike the
object-bas¢tbalgasithiyS(Ahiscatgaittes isloes aotieuliuatérwhEtkee aaselé ghissbis aballatiostead, it
uses a Kalman filter to WO 2006/009521 PCT/SG2005/000248 15 evaluate whether a candidate
trajectory i§04 balf traje@tchsinue MantingeRbiy @ 2o WRNMNOeaCBEIRR Y HHRE RSP Eor stream

recording t CQ-Ordinat i ; - t ' = } ing used
in position Ei’ﬁ’?’fﬁ?&?@%ﬁ%ﬁﬁ%ﬂ%ﬁ&*ﬁc’”%@?@h@Zi@éggiﬂ’%ﬂ%ﬁ@%ﬁ&%
important ifitiYatdPlofieh E0bHELA foalnisaves camerifigsiiord Ryripenairgodi sesadadriadand may
be expressed unis {AdY W Eeputed as

R,(t)= _Rj(r—})-i-l}(t)ua-Dz’st{j,j"(f)}—ﬁ (10}
where R,(r) is the accumulated response of node j, a is a scaling positive
constant, #is the attenuation factor, and Disz‘(j, J (1) is the Euclidean distance
between node ; o the nearest instantaneous wining node within the list{;/*(©)}. The
variable «-Dist(j, 7)) in Eq(10) corresponds to the amouni of attenuation
introduced to R,(r) based on the Euclidean distance of node j fo 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*(#) where
S ey=argmax{ROyE (1)

If R, (@) 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 exampile, the
relative position between the ball and goal-mouth can indicate events such as
“scoring” and “shooting”. The ball frajectory is obtained using a trajectory-based ball
detection and tracking algorithm. Unlike the object-based aigorithms, this algorithm
does not evaluate whether a sole obiect is a ball. instead, it uses a Kalman filter {o



left-top vertex (x"y,,), left-bottom vertex (x b y,,), right-top vertex (x,y yJ and right- bottom vertex(xb yb
). The F, keyword is a R$ vector stream. Motion analysis (F4) In a soccer game, as the main camera
generally follows the movement of the ball, the camera motion (referred to as F4 in Table 1) thus

provides an impasianbeise to detect events. In one embodiment the presept-imyentionsaigulates the
camera motion keyword using motion vector field information available from the compressed video
format. In more detail with reference to Figure 171%1e F4 keyword generation may involve a texture
filter being applied to the extracted motion vectors to improve accuracy. Because MPEG 1/11 motion
vectors areaspbafmaumep@diﬁi@iﬂetﬁr%i@mbdmg izl dwestaiye F Micke Blogie(aB) (e

correlation form tion estimation might fai] to reflect the trye It may pe better if the
o veelTi% i TV 5 8, P PSP CRLN RS, VB KOREIRE S Dy 6 LPATS o
frame to mimshiad |tsemktu':mtevel, using the following equation: 255 Entropy _Z Pk *tog2(Pk) (12)

k=0 where pk is the probability of the k™ grey-level in the MB. In Figure 17b if Entropy is below a
threshold an@moﬁ@mveﬁm(ﬂ()o from this MB is excluded. An algorithm is used in the example

embodiment mpute the pan factor p,,, tilt factor p, and zoom of the ¢ mera
osumen (SRR RGO TREAH KNS TRy PO R o RABE RO S FB boordinate
of the Ph MB Wide 2006/E095a5L B@ﬁiﬁ@ﬁﬁ@&i&o@ﬁé&idﬁﬁ an=gayiTA |@abm@iuﬁateanm e
estimated Fame %y il il sbaRLi aIion, YRR 1e BaYRSaE ) s RHAdALEs:

left-top vertex (x, y, ), left-botiom vertex (x, v, }, right-fop vertex (x_ 3, ), and right-

bottom vertex(x, v, ). The F, keyword is a R* vector stream.

Motion analysis (F,)

In a soccer game, as the main camera generally follows the movement of the ball,
the camera motion (referred to as £, in Table 1) thus provides an important cue to
detect events. In one embodiment the present inveniion calculaies the camera
motion keyword using motion vector field information avaiiable from the compressed

video format.

in more detail with reference fo Figure 17 the F; keyword generation may involve a
texture filter being applied to the extracted motion vectors fo improve accuracy.
Because MPEG Il motion veciors are specifically for prediction-correction coding, in
low-textured Micro Block (MB), the correlafion 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 =— p, *log,(p,) (12)
k=0
where p, is the probability of the " grey-level in the MB. In Figure 17b if Entropy is

helow a threshold 7}, the motion vector 1700 from this MB is excluded.

An algarithm 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 afier the texture

filtering, there are totally A7 high texture MBs included. The coordinate of the /" MB



_-te; 5'=-1 (14) So EAd (15) P~-~"|lll,-112 Pp (16) P, P2 Also the average motion magnitude pm is
computed as: 1 As Pm=11nZAIl12 (17) Thus a motion activity vector is formed as a measure of the
motion activity [Pz,Pp,Pr,Pm]T Audio analysis (F5) In one embodiment the purpose of the audio
keyword (refeyeeghbtemsszd in Table 1) may be to label each audio frame withadyrdealised 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 k(x, y) =
exp(- 1 X2Y(2) c=8(14) c Asthe SVM may be a two-class classifier, it may be modified and used as
"one- agairist-& for ol thsemoldisapedbldne. Htirialed: Haie feal(re (d.the)'Swmirttey botifsund by
exhaustive search from amongst the following audio features tested: Mel Frequency Cepstral
Coefficient¥¢RBCE Y4 1L M8 BYEdiction Coefficient (LPC), LPC Cepstral (LPCC), Short Time Energy
(STE), Spectral Power (SP), and Zero Cro _s_i:ngy\ég? 2006/8@3521 PCT/SG2005/000248 17 Rate
(ZCR). In one embodiment a combination 8f LPCC subset'and MFCC subset features are employed.
Post-processitng One possible function of post-processing may be to eliminate sudden errors in

- 1 A = i M .
Faprdd Fagpde, (4
So
M + BT »_"“
po Tl ED
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2

Also the average motion magnifude p_ is computed as:
1 A

P r‘”ggﬂa Hz (17)

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

(2225 2 P -

Audio analysis ( E)

In one embodiment the purpose of the audio keyword (referred o as Fs in Table 1)
may be to iabel each audio frame with a predefined class. As an example 3 classes
can be defined as: "whistie”, "acclaim" and "noise". In one embodiment the Support

1

Vector Machine (SVM) with the following kernel function is used to classify the audio

kmw=mﬂf§ﬂg c=8 (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 audic feature to the SVM may be
found by exhaustive search from amongst the following audio features tested: Mel
Frequency Cepsiral Coefficients (MFCC), Liner Prediction Coefiicient (LPC), LPC
Cepstral (LPCC), Short Time Energy (STE), Spectral Power (SP), and Zero Crossing



created keywords. The keywords are coarse semantic representations so the keyword value should
not change too fast. Any sudden change in the keyword sequences can be considered as an error,
and can be eliminated using majority- voting within a sliding window length of w, and step-size 1ms

(frame). For sitiereniodseyavord, the sliding window has different w, and wspgaficedexperigntially:
position keyword F,: w,=25 and w.=10; ball trajectory keyword F2 : no post-processing is applied as it
has been smoothed by Kalman filter; goal-mouth+ocation keyword F3 : m,,=12 and w,1 = 8, the
sliding window is_conducted on -1 and non--1 value; + motion activity keyword F4 : no post-processing
is applied &3atasBhRilk Isherebadinadea GRIBBINaTRM Ay Mord FHESRY, 2 Mi G C-suksBther
function of pegtRroaessiRGimar 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, eadRodtipmiasa@asts 40ms). Since the audio sequence is twice that of video sequence, it is

easy 1o SynShIONISEHIE ., Akl POSt; %‘%ﬁ%@ﬁ&fﬁﬁg’“%% ar&pHﬁﬁQtQ% NERYCLLNRARS (Step

210 in Figure 2) for event detection (Step , In"detecting event boundaries (step 104 in
Figure 1), geaeiedinkeioniags. (Step 1e6Woriguaid) caatbthseeimantieplayeeseiztiosinspidhe 1) WO
2006/0095%%&8H3%%@§4@99@%t1§i5\6§@ BYdeistThe. Ve madelirsieriedde agsian£10 in

Figure 2) will now be discussed in more detail. This is part’of the event detection (step 102 in Figure

1). The twRAPBRERR $RBRSIFENSISERRIRG FEhEFPrRBAaTRR WhiGIBRIeh JeiREMAPEbay. 2.
achieving aggppiabigiBVaidrigaipRARCIHRS flMithanddaesalies by theamain For different

keyWord, the sliding window has different w, and w_ defined experientially:
+ position keyword £ w, =25 andw, =10;

+ ball trajectory keyword F, : no post-processing is applied as it has been smoothed
by Kalman filter;
. ¢ goakmouth location keyword #: w, =12 andw =8, the sliding window is

conducted on -1 and non--1 value;

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

compreésed video;
¢ audio keyword £;: 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 seguence, it is easy to synchronise
them.

After post-processing, the kevwords 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) ' -



camera, as fewer cues are available compared with event detection from the broadcast video. 1)
Selection of replay event 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 eventsweplayaa@dseiong to three types in Table 2, and our system wit-genesagdenpiay 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. Tafgle captions should be placed above the table 1
Total Attack Foul Other Number 143 70 67 6 Percentage 49% 47% 4% The labelled-event Attack
consists of@(@ffi‘r@@ﬁ’%"st-missing shot of a goal. The event Foul consists of a referee decision

(referee whiglied aRekShelansints of daivtyevanthanguriseplianaeussd drRBesebim ahee events

is detected, the output of the classifier may default to "no-event". 2) Event moment detection Events
may be defi@l bRESIDRAHCE DS EYINRRTEUR FIEREE 1N SrEiR 8t I febVh dTRAIEbns

between theréueespé shottview 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. Howefieing\demerapptiterip FiviMhichtbesd josedest fpsrpdaycreated in the above section,
we noticed that there is less temporal pattern in the keyword sequences, and this makes the WO

2006/009521 FCHSUEE0REIeDEIHS Yot NalRaiio sgaEEcY dparie visrmipirn Mttheat®iBre appear

certain feajure, patterns i fagselay WrdRRALBNCeR AIRREP MRt &/ ERTTAIBERARIE AEcHNinE the
event. We name such moment with distinguishing feature pattern "event moment”, e.g. the moment of

hearing wHgadR2¢o{#e%he moment of very close distance
1} Selection of replay event
To find general criteria on the selection of event for replay, a quaniitative study of
143 replays in several FIFA World-Cup 2002 games was conducted. It may be
shown that all of the evenis 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 skilied in the art could generate an appropriate set of event types for a give
application).
Table 2. Table captions shouid be placed above the tabie
Total | Attack | Foul | Other
Number 143 7G 67 6
Percentage 49% 47% | 4%

The labelled-event Attack consists of scoring or just-missing shot of é 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 detecied, 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 shotiview may be ciosely related fo 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



between goal-mouth and ball in "Attack”. By detecting this moment it may be possible to detect the
occurrence of the event. In more detail to classify the three types of events, 3 classifiers are trained to
detect event moments for the associated events. To make the classifier robust, each classifier uses a

different set @fenichigmekikeywords as input: + Attack classifier: position keyyrped: b3 cbadkérajectory
(FZ), goal-mouth location (F3) and audio keyword (FS); + Foul classifier: position keyword (F), motion
activity keyword (F4) and audio keyword (F,); + Qter classifier: position keyword (F) and motion
activity keyword (F4). The chosen keyword streams are synchronised and integrated into a multi-

dimension kEYWorasibegriasedirsiemavHitiend ventindoiahtiRers reraericeRita Bali®mploying
the heuristigsa siatistigRlassiianto siesheesisionRPuRAaRt i QRBIAYRMHEG: M mNRbthe

ball-goal-mouth distance is in "Attack" event,tggévﬁslow_ the motions are during a "Foul" event. The

output of e5¢5 Ui ¥¥RidRTe AURS TIREDE Y FABASONE SRIYEREIRI0- BVERL FESERvely. The
classifier ugsegl ishha@BvidwitT theoGag seidstise meHpatliathbasisrhsttion (BB FoiseEditdnco train

the SVM classifier, event and pon-event,segments are first nually .identified, mid-level
representaﬁgg\gea% tﬂgﬁfﬁggﬁéd? g%earifepgtegt‘ﬁg (fga'lnm% é%?g?%tnt% g‘%‘%cfﬁ'@ @&gﬁt Ert'ng?r?gnpsewithin the

events are pugsimdhioatpiedt dmel asedrascpoditheeayenples for training the classifier. Sequences from
rest of the clips are used as negative training samples. In the detection process, the entire keyword

sequences ftdnviacittat Jrislgsrdvitm tisandyoormalisysiss drriapulicssmehisined indaiasie

statistical pajigsn amavansMemeR aeidenubied BytapniyinaNestMeOZHAPIBBst, sach
PCT/SG2005/000248 20 processing, t?f f??imﬁgé;r%i%uaﬂon in SVM classification results is eliminated to
A

avoid redupfSSEE" disRR Ao TERTaTd BoLokRIE BRIEESERBRYent. In Figure 18a, the time-line of
the game @ nsgga?:fk g?’aesrgi se??%\é%%og i%%%‘}é '(IE; ), ball trajectory ( £}, goai-mouth location

(£ ) and audio keyword ( F ),

+ Foul classifier: pesition keyword (£), motion activity keyword (F,) and audio

kevword { £, };
« Other classifier: position keyword ( F,) and motion activity keyword (F,).

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

slow the motions are during a "Foul" event.

The output of each classifier is "Affack"/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-leve!l representations are then created. To generate the training data,
the specific event moments within the events are manually tagged and used as
posifive 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 paitern as event moment are identified. By applying post-



addition, within the "event" boundary, there may be a smaller boundary of event moment as described
above. The event in this example is an "Attack" which may consist of (1) very small "ball-goal-mouth”
distance 1800(Figure 18b); (2) the position keyword 1802 has value 2 (Figure 18c) which is

designated feyghaopenadty area (Figure 13b); and (3) the audio keyword 1804sis6066dada" (Figure
18d). The choice of which keywords to select for detecting event moments may be derived from
heuristic and/or statistical methods. In the abovefd(ample, the ball-goal-mouth distance and "position"
keyword will be highly relevant to a soccer scoring event. The choice of "audio" keywords relates to

the close rpratieaship, tbeveoalbfivctsition &acrv clestifivrtion rrsspenisealiihaisseltAyrd Event
Boundary Defeciondvepihaundamdeiraionteieniarbia fsdamd @ddatrigure 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 wil gaepies Wseriehihe dmaedzmiienmaiskérontdremuens-srenttstiatamtse ito identify
the duration of. the event. The entire yigeo segment from_ this duration is used as the replay of the
event. TheRSSHOP AN cfgf"s SEBin ?Haﬁ%a{ﬁ'%rgré‘gﬁﬁo%ﬁeo?u?mglrs %1% Hl%d%ﬁh%fegt\i%ﬁon of an
event: Onatiaatenisaimizdceibedeat®usudhye procesinothlis rermpile empditatiiatdricmayer factor
is the position wherg the event happens. Mc v | ta it cenes
from previ&?ﬁé%a?fo(nmrﬁgy n%l‘p%@ %%%O%ﬁ%r%ﬁ;t%%%ﬁgéggggﬁ%ﬁeﬁ%ﬁg‘%ﬁ% |¢‘;§t|£2)ﬁr‘faj iay not be
true for faskeymangini§evdras. valist2 (iadiendGcbivéveht dctesivirisdHevinmh FRIA/ R18aAN event is

detected agg a%%)wsrféf%ngﬁ&mekféw&%%s& hefarethis eyaphio datsctyswidiange at

step 302 a iew boundary at step 304 to identify the starting boundary of the event at step 306.
Similarly, wé #Eishdeywosinir st dffedaiadingrRant RIBENS TN AEHGEBolRAAry of the

event at stgp, kb ydaiectivadbsouie wmethodse it $Rp FoSvand dawibounganapirispd@hUsually,
there is a typical view WO 2_0,06[({(09521 CE/SG&OQ?/OOOMS le ,

distance and "position” keyword will be highly relevant 1o a soccer scoring event. The

choice of “audio” keywords relates to the close relationship between a possible

scoring event and the response of the spectators.

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 fo identify the duration of the event. The eniire 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 fo audience. However, this assumption may not be true for fast
changing evenis.

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 fo 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 detecling the view
change at step 308 and view boundary at step 310. Usually, there is a typical view



change pattern for each event in a sports game. After we detect the boundaries of the events, we can
have a time period for each event for replay generation. Figures 4 and 5 illustrate an example of views
defined in a soccer game. In one embodiment 15 views are defined to correspond to different region
of a soccer figld.2doon@saimple Upper-Mid 412, Mid-Mid 414, Lower-Mid 436 rangdet@agds half Upper-
Forward 410, Mid-Forward 408, Lower-Forward 406, Upper-Corner 400, Goal-Box 402 and
Lower-Corner 404. Detecting the view change (referred to as step 302 in Figure 3) will now be
discussed in more detail with reference to Figure 21. In Figure 21 the view change is detected using

position keghage(Patiain fineachagientrndipReip samirrdianin detrid ihR RERdaHRY Yew
change tie jaeqins iy GReeking Vs Ipratintkaysosddh basehanaphbeuestilon D, and t,-D2 (start

step 2100, and decisions logp in steps 2102, 2103, 2105), where t, is the event moment starting time
and D"D2 &/gUTRE fhiRltFaP AdsFRiRiARl SHRBPIRrL bR e S5ERRTET). T39S 48R th&hen the
location keyweshimaitIBekinsies ddfifdinbrictmmatindiferefisesgivasifaldsbids flethed in

tep 2106. A f d hi i detect th di ' f d tep 3081
Fioure 3), TH8 SRR CHRR S UMl s G e RR A A oA FOL S ke rmay be
different arfebtinairthd & akfid FonesrdoADard_owamE ohwark 408\b bigipee afiffer &ty SismbBevwents

§H§p¢%t51£esholds can be easily found by empirical evaluations. Replay
1404,

require diff r Id
Generationggéé%%%%egi%n ererred to as step 106 in Figure 1) will now be described in more

detail with Eiteeting @hFiyine chaheealrefesivdotd &5d ¥eBothdaines i@idEbd) elbdew iPstep 602,
we can get A iR DeTiPHhSATGSRANGHRC SIS RVR EiYURDAY 1P FRFAIE DAl dRes ShdhigePRriod taken

by the main camera in step 604 and other cameras in step 606 to form a video sequence. A slow

motion of tHetoried Eémti@d%%@dﬁ)s?@ﬁ @0@@%@“‘1%5%@3 B%O('ﬁ'@sr@pﬁaﬁﬁmhis event
i step 610, Replay Insertion Replay INasion (LS RTHY aReieRg AHE ssts eyl arnbe
has changed between r -D, and 7,-D, (start step 2100, and decisions loop in

steps 2102, 2103, 2105), where ¢, is the event moment starling time and D,, D, are

the minimal and maximal offset threshold respectively. { is set to the time when the

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

is reached in stép 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 o 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 802, we can get a time period corresponding fo 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 inserfion (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



detail with reference to Figures 7 and 8. Based on the events and event boundaries WO 2006/009521
PCT/SG2005/000248 22 detected from the video taken by the main camera, we can automatically
generate replays for these events and decide whether and where to insert the replays. Since this has
been very sutyeciivedeshuman broadcasters, we need to set general criterigdepthisspraguction. In a
first embodiment of replay insertion for an attack event, for example shot on goal in soccer game, the
ball trajectory will be existing during the period o§§vent occurring but will be missing after the event
ends. Therefore, ball trajectory may be important information to detect the proper position to insert

replay. Refé@irfjad Frjnrthe iidegetakasdn it Malie 53021Be WAJRA auaeradsally Eersisée replay of
this event isganAraethitssienNHS dRdPacallal wisstiagkdhe Wrkie seRsiBiie dsterpingithe ball

trajectory. If the ball trajectory is determined to be missing in a frame in step, 710, we use this frame
as the startfi§ FGiRt B§FRs ¥R SHRISEN V91 Br m@@bgﬁé‘%ﬁsﬁé&‘sp‘gﬁs"&ﬁﬁe@u@g. EREEbul events
may be diffgientdram afkagauanisnn isparfysgaoaisodimese & differgrinsaetibadity iasesticeplays
related to foul events into the video. Refer{igﬁg{o) thurg 88if§b%%eﬁtg%.ev nt i%ﬁt?j% 89(125 E{(;I:-Iongs to
foul event gﬁﬁ?{h Ofe%’fé;V‘B %hﬁgoé\%hg%ag ErstEd i srf‘ep o par%ﬁf:ef?%e Extract a setof
features indtep@d8efrpanicdreineveteodeantang cbiviesviliftbethaissiapt afidrnihteletsarvn émdsep 810 to

parameters iz elaingh ORI aUDBEASESTH A SlER st ealfige can be

used as the starting point to‘inse y In step y do not match, the current frame may not
be suitableteoinegptagri@ertion, and the next frame is examined in step 816. The parameters and

learning praegssilgie iR asisteaRdddn BlaHeSkwil nowLHBRAiRCHSsRAIR Biaie delpibydth

reference to Figure 9. The video frames received in step 900 are analysed by the parameter data set,

which inclUGBEY < dibh eparhinsieremter it RBIAROFB xlighavinask hiRdel L61RRy SBecify a
certain thresheldriiseneolil sipsigies. of the biayingdilay Thisarmnihen Renasedsbinte a

frame in step 710, we use this frame as the starting point {o insert the replay 712
This is based on the sporis game rules.

Since foul events may be different from aliack events in sports games, we use a
different method to insert repiays related fo 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 paralial, we extract a set of features in siep 808
from current video frame received after the event and maich them in step 810 fo
parameters 812 obtained from a leaming 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 insettion, 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 videc 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 802
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 frained via an off-line process,

- ysing similar video presentations as a learning basis, the sysiem will perform its own



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 awoffdis@geacess, using similar video presentations as a learpgngsisasss othessystem will
perform its own WO 2006/009521 PCT/SG2005/000248 23 calibration with respect to the
content-based statistics gathered from the receivgd video frames in step 906. In a second
embodiment of replay insertion Table 3 shows the results of an example quantitative study done on a
video datataitatanlwitPespen tepbs RrdRMMatst Statistivk@atheElalf R R G 1E FI VP
943 133 3@&3/1;1?&%@%3@@5 Ragoramic camera; Fl: followed by another interesting segment; IE: very
important event It Is found from this example that all the replays belgé)%to %% %%asses: instant replay

[

and delayddl fepay U BRRHRESLOE IFREBMIIFHRS IR R SASYEdRIFY AedATEN Bllowing

the event i&@g@mqug@@gg@@@@a@ ddemegiasaieresting. The other replay class, delayed replay,
occurs for _is.ever:;’a,L regsons: ‘agmg eysnt Iiasc;glissed by the panoramic camera (MP), b) the event to be
replayed is Blfower %y aniere ﬁng segment (FI), hence the broadcaster has to delay the replay,
and c) the evepitlis ifBERERANd WP 58IRG replayed many times (IE). The event detection result that
has segmented the game into seédBenfially Mévent'P rio-event" structure, as illustrated in Figure 19 row
1 (1900), is thesnputisd the repla}? gerferation system. If an event segment is identified, the system

examines whether an instant replay can be inserted at the following no-event segment, and

MP: missed by panoramic camera;
Fl: followed by another interesting segment;
{E: very important event

It is found from this example that all the replays belong to two classes: instant replay
and delayed replay. Most replays are instant replays that are inserted ablmost
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 (Fi), hence

the broadcaster has fo delay the replay, and

c} the event is important and worth being replayed many times (IE).
The event detection resulf that has segmented the game into sequentially
savent'fno-event’ structure, as illustrated in Figure 19 row 1 (1800), 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-eveht 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 siot.
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 ¢, may be computed as!



react accordingly. This is shown in Figure 19 row 2 (1902) and 3 (1904) where instant replays are
inserted for both event | 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 subsequentdmmisiot. This is shown in Figure 19 row 2 and 3 wheteradslayemigplay 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 ﬁyf\rting time t,,. and ending time t,, may be computed
as: WO 2006/009521 PCT/SG2005/000248 24 is=te +D3 (15)t,,=t,, + (t,, -tom.) * v (16) where t,,
and tee are the starting-ahg efftfiig time of the event previously. D3 is set to | second in accordance
with convention, and v is a factor defining how slow the replay is displayed compared with real-time.
Then the system may exgming, yhetiied)the time slot from tom. to t,, in the subsequent no-event
segment meets one of the following conditions: (r) no/low motion; high motion but position not at area

2 in Figure,d3hes thespanaltyrarans Jsangairstaring Ria isirsedednDsiaviedsRentaysGengration
Delayed replays may be inserted for MP, Fl or IE events. The events may be buffered and a suitable
time slot folsedoridseradetigstiae pliis crmuekliosn ad iderfify fasdencaiiniagehews sifvERSent, an

importancgég%gqgﬁ:@ﬁ;%%\éﬁgoﬁﬁg%gmm Rasegd,@n the duration of its event moment as generally the

longer the eve nt, the more important the event: 7=to-t. (17) Events with r> Ta are deemed as

important eyentsminthe-pxanpe emhrdimesther 48 et WRGEamestsorthpt pRlsabaudii of events

detected become important events.
no-event segment meets one of the following conditions:

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

Deiayed Replay Generation

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

moment, the more imporiant the event:
i=t —t, (17}

Events with 7> 7+ are deemed as important events. In the example embodiment, . 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 fime slot is found, a delayed replay is inserfed. This search continues until a

suitable fime slot is found for a Fl event, or two delayed replays have been inserted

for an IE event, or a more important iE event occurs.



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 t,, -t,s in length that meets the condition of no
motion. If sushceetienecstat is found, a delayed replay is inserted. This searehreeatinaesoedtil a suitable
time slot is found for a FI event, or two delayed replays have been inserted for an IE event, or a more
important IE event occurs. WO 2006/009521 PC$55G2005/000248 25 In the following results
obtained using example embodiments will be described. Position keyword As described in section 3,
suitable vaiDé%%WWWE&R@Wﬁé&?’f?é“@r%‘é%‘ﬁ%@éﬁ%? erbedipeRtwl 851deshaste in
approximately 0.5gggRickéhyavagyv area is captured by the main camera. Figure 20 demonstrates the

detection of 3 typical areas defined in Figure 13b, using field-lines, goal-mouth and centre cjrcle
detection feRdRSCIBR KISRE! R %e?fﬂ?‘%?é%é’é&?ﬁw@fpﬁ'siﬁ%rﬁﬁg&\%\@’c%a?@?ﬁe&\ﬁaé% gﬁ%base
with 7800 5 ( inutesvidens), n res, e r tign for this
database (o s b ale e L oanacy SR oeiaot Kord (e ble 4. I
is noted th@ﬁm@@ét@&’tiﬁw%@Wa@?’f@r"ﬁelﬁ*%ﬂ@awi@yﬁiﬁpﬁﬁﬁiﬁﬁemiﬂ*ﬁﬁét&ﬁ@fla@ogﬁicﬁﬁis may be
because FigldargahaEigurgdab) fnsianerisreiibanthie-albatrseaseataitdersfatbae

field-lines or goal-mouth or centre circle. This lack of distinct information thus may result in poorer
accuracy. %. Accuracy of line model Location Precision Location Precision 1 86.3% 2 89.6% 3

84.2% 4 49:8%vEuate/ethdfomlanthelatatipasiidcheeyiabedscpigiom &igues Wabase with
7800 frames (10 minutes videos) is manually labelled. The result of kéyword
generation for this database is compared with the labels and the accuracy of the
position keyword is fisted in Table 4. It is noted that the detection accuracy for field
area 4 is low compared with the other labels. This may be because Field area 4
(Figure 13b) has fewer cues than the other arsas, e.g. it does not have fieid-lines or

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

aceuracy.
Table 4. Accuracy of line model
Location | Precision | Locafion | Precision
1 86.3% 2 88.6%
3 84.2% 4 45.9%
5 77.7% 8 100.0%

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 balf trajectory

#det. & # false
accuracy
fracked positive
4283 25 98.8%

Audio keyworﬂ
Three audio classes are defined: “Acclaim”, "Whistle” and “Noise”. A 30 minutes
soccer audio database is used to evaluate the accuracy of the audic keyword



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 S. Accuracy of ball trajectory #det. & # false accuracy tracked
positive 4283x132508808%4: Audio keyword Three audio classes are definedi'eghaimdptiysthistle” and
"Noise". A 30 minutes soccer audio database is used to evaluate the accuracy of the audio keyword
WO 2006/009521 PCT/SG2005/000248 26 gen g;\tion module. In this experiment, 50%/50% is used
as training/testing data set. The performance of the audio feature selected by exhaustive search is
compared geitarafistimpdidhnigubis wieedmeitire 66806 isisermhabiRiBiRY MsHngHRR W dge.

Table G. ArguAgK Al Aa kPO FICRIAN-A clplpien WhislRdaiRe QuisingigIelingRddvs 90.5%

89.2% examp % 94.4% 96.3% embodiment Event Detection To examine the Qﬁrf rmance of

our systenwish Bs8tinmiacEiaERs waesdratBr saledirlideqose iHGiRg SPTiAvieg Sfrom the

main camera recordinigtigf g-ALea ue %mﬁem%réd 4.§dgoger§ i%FIFA world cup 2002 broadcast video are
used in the experiment. %p‘ec‘fﬁ‘éaf\y. asY ] rg‘é"acqs video database 1100 is an edited recording,
i.e. it has additional{shot information] baexRiEhe WhiFtBam¥aisapture
existin
o 91.2% 90.8% | 89.2%
method
example
P 93.8% 94.4% | 96.3%
embodiment
Event Detection

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 &-
[ eague 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 capiure
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.

Tabis 7. Accuracy from unedifed video

Event |Recall| Precision | BDA

Attack | 3 | B0% | 100% [72.2%
Foul | 10 [77.7%| 70.0% [71.4%
Other | 2 [50.0%| 50.0% [80.0%

Table 8. Accuracy from broadcast video

Event|Recall Precision | BDA
Attack | 23 [|94.7%; 78.3% [69.4%
Foul | 51 |83.8% 72.8% [80.9%
Other | 12 | 80% | 66.7% [65.0%

BDA: boundary decision accuracy



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.wahl@sfsodeauracy from unedited video Event Recall PrecisiggBE&ositacks 60% 100%
72.2% Foul 10 77.7% 70.0% 71.4% Other 2 50.0% 50.0% 80.0% Table 8. Accuracy from broadcast
video Event Recall Precision BDA Attack 23 945% 78.3% 69.4% Foul -5-1-]183.9% 72.8% 80.9%
Other 12 80% 66.7% 65.0% BDA: boundary decision accuracy WO 2006/009521
PCT/SG2005T80 248 RiamhdetisiandasutaisBRAL dordapiesband ihabip e 7 epadekty is
computed by BDA= zd6Drub (18) 1nax(rd6, 77m6) where zd6 and rmb are the automatically detected
event boundary agg jhe nfanfially Iap@ﬂed event boundary, respectively. It is observed that the
boundary decision accureg{-iprgyvent "Other" is lower compared with the other two events. This is
because "Other" event is mainly made up of injury or sudden events. The cameraman usually

continues yesieg-thexndmerate taptanethativallybtitbedanentshatonpisay, and. e altiskicked out
of the touch-line so that the injured player can be treated. Then the camera is focused on.the

wounded pripliad BYeTedRARNKitRPRARNAY HE BPReeslRh hRintRRt BOURRAaPESR8ra or an
unpredictajie, fhsation el samenmeroemani: Hiesedeasoithaffecirecuent svementldégeistion and

hence affegéég%stg)u‘%jt%r r‘geeC\}{Sainotn E%C%Jé?r%' made up of injury or sudden events. The
cameraman usually continues moving the camera fo capture the ball uniil the game
is stopped, e.g. the ball is kicked out of the touch-line so that the injured player can
be treated. Then the camera is focused on the wounded players. This resulis in
either missing the exiract event moment by the main camera or an unpredictable
duraiion of camera movement. These reasons affect the event moment detection
and hencs 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 fruth to evaluate the performance of the replay generated. The
following table compares the automatic replay generation by an example
embodiment fo the actual broadcast video replays.

Table 9: Replay by broadcast video

video Automatic Broadeast
fotal 37 15
same 13
missed 2
recalt 88.7%
precision 35.1%

The term “same” in Table § refers to replays that are inserted in both the
automaticaily generated video and the broadcast video. From Table 9 it can be
observed that, though the main camera capiures 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



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 thwautomatiszieplay generation by an example embodiment teettiesasalbsesdcast 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 "samesn 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 theremanscinfuerdaptrdden 93mmat QolidhenmrieLRmeE SRRtdadRIRR BUP3.0 in Eq.

16), the dysgipnLEthe Fepiapwedeicnis aearsaiedprie shnbiesthap s aplaysrévitopedess video.
This may be mainly because the WO 2006/009521 PCT/SG2005/000248 28 replays in broadcast

video use MEMbIEIREHMIACRRSEE &B6Palso the sub- camera capture. However, the audience
prefer shopgtapiaxs@s fivencTailid@ lesthatitve istemgitamibstergen eratedatigesighifiotndlyresult

from Table 9 is that th I di t igpifi I

broadoast e SARHAR b B St e BE A drooh dur R e
"objectivelyiagetieratan eplbysiftpredytitand _whqm@nm%aem@t@aManE@@ﬁ@eﬂw@bmays are
inherently morgy; stblegivenalso, g slct dme-limibseLinigeneiale,a replay mRABsHhakibaood

replay segment sge‘LFectlon might be missed due to the labour intensiveness of manual” replay
generatiors thigaiivewitdemethssitint dims dmiiashnigigayatain, meeiaypagans that a good

replay segment selection mightzbe missed due to the labour intensiveness of manual
replay generation. Hence, with the assistance of an automatic system, more replays
will be generated. The accuracy of the automated detection algorithms may also vary
and may be optimised in different embodiments, e.g. utilising machine learning,

supervised learning efc.

The present invention may be implemented in hardware and/or software by a person
skilled in the art. In more detail Figure 12 #llustrates the functional modules which
comprise one embodiment of the present inventicn. The low-level modules 1200
extract features from the audio stream 1202, visual stream 1204 and motion vector
field 1208. 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 fo these 3
javels, an application level 1218 genarates replays 1220 and inseris them into the
video 1222 based on event detection resuits 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 fo an example embodiment. At step 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.



will be generated. The accuracy of the automated detection algorithms may also vary and may be
optimised in different embodiments, e.g. utilising machine learning, supervised learning etc. The
present invention may be implemented in hardware and/or software by a person skilled in the art. In
more detail PigurerdBoitkastrates the functional modules which comprise oretestbedimenst of the
present invention. The low-level modules 1200 extract features from the audio stream 1202, visual
stream 1204 and motion vector field 1206. Herejye 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 KEgwirbeegtibpdedn1 he. arietnighbichetho 1inventishetelpiese ManevehaagR/Fords to detect
events 1214, and el berndaiay 2E6nt) adaitiamigtbesfidppusisici’ aprHeatioarayal w18

generates replays 1220 and inserts them into the video 1222 based on event detecti?n results and

mid-level reygg&shiRRBIE YeRiWRoRb ARRAIEE HOBnERIEROT R A TR SE 2R ARAR (Tsed as an
example ang thpRiesent snemntiomis appitshlesto andidtheanissaiptides homdicasts porexample
any application where it is desired.to pravide replays or highlights of a given video sequence the
present imﬁbfﬁ? 'H%&H%@%Q&Mﬂ*&fb@ﬁ% tQ; ’ﬁﬁg{%ﬁ?&ﬁ% ﬁ%’?goo illustrating a method for
generating replays of an event for broadcast video according to an example embodiment. At step
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. WO 2006/009521 PCTISG2005/000245 29 To those skilled in
the art to which the invention relates, many changes in construction and widely differing embodiments
and applications of the invention will suggest themselves without departing from the scope of the

invention as defined in the appended claims. The disclosures and the descriptions herein are purely
illustrative and are not intended to be in any sense limiting. PCTfSG20051000245



. Received 17 October 2006 30 CLAIMS 1.. A method for generating replays in a bro4dE4SGeRE 16243
. broadcast.event, the method comprising the steps of: receiving a video feed ofRieeeired dF43¢tolmt 2006

automatically detecting a replay event in the broadcast event from said video feed of the broadcast

event; generating a replay video of said replay event; and automatically generating the broadcast

video of the broadcast event ( incorporating said replay video. 2. A method as claimed in claim 1

wherein the replay video is automatically generated. 3. A method as claimed in any one of claims | or

2 wherein said step of automatically detecting saidq%play event comprises the steps of extracting a

plurality of featuresAiw$ said video feed, and inputting said features into an event model to detect said
replay event. 4. A method as claimed in claim 3 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 analysisuCkesamiaiiRuBH|IeS HRGSAId udiBHe XL, ddfietnod as

claimed in claim 4 wherein said audio kegﬁyord Is determined from a set of whistle, acc aim and noise.
6. A method as claim&d A9, AP EHREASERS §wherein said step of extracting a plurality of

features further comprisessivingte pidéaiealy sirtecbroigiiakiraednef said video feed, determining a
position keyword using §@!9rn‘é't?&é?lcgad@é\é % ing.the. features using said positipn keyword.
Amended Sheet LPEAAT BT ISty 5 éﬁé@%%%ﬂ?,h the E\Igaggag SR o said
video feed of the broadcast event; D
generating a replay video of said replay event; and
automatically generating the broadcast video of the broadcast event

(o incorporating said replay video.

- 2. A methed as claimed in claim 1 wherein the replay video is automatically
generated. ' | '

. 3..A method as claimed in any one of claims 1 or 2 wherein said step of
. automaticaﬂy detecting said replay event comprises the steps of
extracting a plurality of features from said video feed, and
inputting said features into an event model to detect said replay event.

4. A method as claimed in claim 3 wherein said step of extracting the plurality of
features comprises the step of analysing an audio irack of said videc feed,
-determining an audio keyword using said audia analysis and extracting the

. 1\-_/_ ]

features using said audio keyword, .

. 5. Amethod as cfaimed in claim 4 wherein said audio keyword is détermined
from a set of whistle, acclaim and noise.

6. ‘A method as claimed in any one of claims 3 to 5 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
viéual.anaiysis and extracting the features using séid position keyword.

- Amended Sheet
IPEAJ/AU



Received 17 October 2006 31 7. A method as claimed in claim 5 wherein said step SXIESFAMIAHA0248
. position keyword further comprising the steps of detecting one or more of a groBgceitedidt {Jcsphiesd006
lines, a goal-mouth, and a centre circle using said visual analysis and determining said position

keyword using one or more of said group: 8. A method as claimed in any. one of claims 3 to 7 wherein
said step of extracting a plurality of features further comprises the step of determining a ball trajectory .
keyword using said visual analysis and extracting the features using said ball trajectory keyword. 9.A
method as claimed in any one of claims 3 to 8 whergin said step of extracting a 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. 10. A method as claimed in any
~one of claims 3 6. 9 Avheibivd swi disteed in eslkaischinvghergiu ssidy stéfecit deterhinihe acpmiiideing the step

of analysing the mofian, o SRIANANEAHRAGINGELRTIIRGR JBRKANSHAKAYNOR H5iRR53id motion

analysis and extracting the features using said motion activity keyword. 11. A method as claimed in
any one of claims 4 t8"EsfeebfirEhitetep BpakmRdhng shay ?@%%%F%ﬁ‘%dfﬁ%ses the step.
of constraining the - kaskysisdaval uRtewitiningasaie iogitiuin deywardliaisy welarenisiog: thessirguency of the
keyword values for agka st one of said position keyword, said ball trajectory keyword, said goal-mouth
location keyword, sald motion activity keyword and said audio keyword. Amended Sheet IPEAJAU
PCT/SG2005/000248 Received 17 October 2006

‘8. . A method as claimed in any. one of claims 3 to 7 wherein said step of
-extracting a pluraiity of features further comprises the step of determining a
(0 "~ ball trajectory keyword using said visual analysis and extracting the feaiures

) -
 using said ball trajectory keyword.

3. ‘A method as claimed in any one of ciaims 3 to 8 wherein said ste;ﬁ of
: extracting a plurality of features ftsrther comprising the step of determining a
~-goal-mouth location keyword using said visual analysis and extracting the

features using said goai-mouth location keyword.

10. A method as claimed in any one of claims 3 to 9 wherein said step of
‘extracting a piurality of features further comprising the step of analysing the
‘motion of said video feed, determining a motion activity keyword using said

‘ -.mot.ion analysis -and extracting the features using said motion activity

e keyword. '

. 11. A method as claimed in any one of claims 4 to 10 wherein said step of

detecting said replay 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‘go‘at—mouth location keyword, said motion activity

keyword and sald audio keyword.

Ameniled Sheet
IPEA/AY



32 12. A method as claimed in any one of claims 3 to 11 wherein said step of i ttlﬁ&géﬁﬁ%%ﬁjr%@%s
" into'an event model further comprises the step of classifying said replay event lﬁ&??}ﬁﬁdo* a%%?ﬁ?" 2006
consisting of an Attack event, a Foul event, an "Other" event, and a No event. 13. A method as
claimed in any one of claims 3 to 12 further comprising the step of-automatically detecting boundaries
of said replay event in the video feed using at least one of the features. 14. A method as claimed in .
claim 13 further comprising searching for changes in the at least one of the features for detecting the
boundaries. 15. A method as claimed in anyone of 8&ims 1 to 14 wherein said step of generating a

replay video of Sﬁﬂﬁ%ﬁ@o@‘é%’?ﬁé?ﬁi&@fﬁsﬁ%ﬁes&?%ﬂfs SA0CAIGRRIH ViRysig) spid replay event from

at least one camera, and generating a slow motion se uence |ncorporat| said concatenated views.
16. A method as claithddng S feRliTs P dimE AT fuher rpateipes %@ﬁé‘?’%ﬁﬁg the broadcast
video of the broadcaatssifging saihpsisep shensiap ohedﬁ’targmnmgcnmmg)omﬂw replay video

according to predet% P%dF (ﬂf %t Ja %mg}da%&s gl,@drg?\% m 15 wherein said replay video is
r

inserted instantly or after a ase on sai edetermlne criteria. 18. A method as claimed claim
16 wherein said predetermlned crlterla depend on classifying said replay event into one of a group

- consisting of an ﬂtacheﬂms%@w@wmym"catwmy% apaLalde RYRMsAgeRdes, Sheet

e B one BT R0 LS 72 347 S B sy e

using at least one of the features.

(. 14.- A method as claimed in claim 13 further comprising searching for changes in
_ ) S . - the at least one of the features for detecting the boundaries.

15. A method as claimed in any one of c!_aimé 1 to 14 whereln said step of -
generating é replay video of said replay event comprises the stehs of
concatenating views of said repiay event from at least one camiera, and
generatmg a s!ow motion sequence incorporating said concatenated

views.

16. A method as claimed in any one of ciaims 1 to 15 wherein said step of
| -generating the broadcast video of the broadcast event comprises the 'step of
determining when to insert said repiay video according to predetermined
0 criteria. o .
) - B ' _ .
17. A method as claimed claim 15 wherein said répiay video is inserted instantly
or after a delay based on said predetermined criteria,

18. A method as claimed claim 16 wherein said predetermined criteria depend on
* classifying said replay event info one of a group consisting of an Attack
event, a Foul event, an “Cther” svent , and a No avent.

Amended Sheet
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from a main camera. 2t}, A system for generating replays in a broadcast video of a bioadcaCZe08(R00248
" the system comprising: a receiver for receiving a video feed of the broadcast evBrtelvadittBetgper 2006
automatically detecting a replay event in the broadcast event from said video feed of the broadcast
event; a replay generator for generating a replay video of said replay event, and a broadcast

generator for automatically generating the broadcast video of the broadcast event incorporating said
replay video. 21. A system as claimed in claim 20 wherein said detector extracts a plurality of features
from said video feed, and inputs said features into aivevent model to detect said replay event. 22. A

system as claimad, in alaifod dswhanein SNBAS EERIMDAINSES IRerdif iRl aekofeicvideo feed,
determines an audiqg keyword using said audio analysis and extracts the features using said audio
keyword. 23. A syst r?ﬁn;%\/'@%ﬂﬁgﬁ"%ﬁaclai_m 22 wherein said audio keyword is determined from a set of
whistle, acclaim and noise. 24. A systemas claimed in anyone of claims 21 or 23 wherein said

detector analysep andsuahi i Rhepithydendseth deimiions apasiiondrexiag disio said visual

analysis and extracts the features using said position keyword. 25. A system as claimed in claim 24
wherein said detect%ﬁYﬁ@P&@@E@‘Bﬂe or more of a group consisting of field lines, a goal-mouth,
and a centre circle Amendesh@hfmt-#oEAMyld REED BS200HHBR243Revaired 17 October 2006 34

using said visual analysis A RIMES SR FRLIEYH L 4P SO She IS LRl arouP.
- event from said video feed of the broadcast event; -
arepiay generator for generating a replay video of said reﬁiay‘ event, and
(o Co " a broadcast generator for automati_caiiy generating the broadcast video

. 'of the broadcast event Incorporating said é‘epiay video.

21. A system as claimed in claim 20 wherein said detector extracts a plurality of
features from sald video feed, and inputs said features into an event modei to
detect said replay event.

22. A system as claimed in claim 21 wherein said detector analyses an audio
track of said video feed, determines an audio keyword using said audio

analysis and extracts the features using said audio keyword,

23. A system as claimed in claim 22 wherein said audio keyword is determined
~ from a set of whistle, acclaim and noise.

24, A system as' claimed in any one of claims 21 or 23 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. | ‘

25. A system as claimed in claim 24 wherein said detector further detects one or
more of a group consisting of field fines, a goal-mouth, and a centre circle

Amended Sheet
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. ; . . . . CT/SG2005/000248
26. A system as claimed in any one of claims 21 to 26 wherein said detector dﬁteec%ﬁ;%sﬁt ob/er 2006
all'traj

- trajectory keyword using said visual analysis and extracts the features using said rajectory
keyword. 27. A system as claimed in any one of claims 21 to 27 wherein said detector determines a
goal-mouth location keyword using said visual analysis and extracts the features using said
goal-mouth location keyword. r 28. A system as claimed in any one of claims 21 to 27 wherein said
detector further analyses the motion of said video feed, determines a motion activity keyword using
said motion analysis and extracts the features usinga‘gaid motion activity keyword. 29. A system as
claimed in any one aktigisasi 2l 2 a1y eitishitbAiretenig gostiaitelh@ keI dvalies within a
moving window and{gé%/éfcs%ggl%% .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. 30. A system as claimed in any one of claims 21 to 29 wherein said

detector classifigg, SRigh LRy L ¥R arPBRY b BPHRIFRNSIS U SO AR AASKE Welletd Foul event,
an Other event, andg% No event El A system as claimed inﬁ%gg one of claims 21 to 30 wherein said
V

detector further det8&2BIRRARRL & SOy diSRyaRgAising Vg RIS RS e TEEE one of the
features. Amended BhdettufE Askig REI1IZEGetiaIUbiMP4R Received 17 October 2006 35 32. A
system as claimed in claim 31 wherein said detector searches for changes in the at least one of the

features for detecting the boundaries. 33. A system as claimed in any one of claims 20 to 32 wherein
said replay =~ 27- A system as claimed in any one of claims 21 to 27 wherein said detector

- determines a goal-mouth location keyword using said visual analysis and
(,_---E_\- o extracts the features using said goal-mouth location keWor&.
) : '

28. A system as claimed in any one of cléims 21 to 27 whereln said detector
further analyses the motion of said video feed, determines a motion activity
keyword: using said motion analysis and exiracts tﬁe features using said
motion activity keyword.

29. A system as claimed in any cone of claims 22 to 28 wherein said detector
‘constrain.s the keyword values within a moving window and/or synchronises
-the frequency of the keyword values for at least ohe of sald position keyword,
-said ball trajectory keyword, said goal-mouth location keyword, said motion
activity keyword and said audio keyword.

) 30. A system as claimed _in” any one of claims 21 to 28 wherein said detector
~ classifies said replay eVent into one of a group consisting of an Attack event,
aFoul event, an “Other’ event , and a No event.

31. A system as claimed in any one of claims 21 to 30 wherein said detector
further detects boundaries of said replay event in the video feed using at

least one of the featuraes.

Amended Sheet
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L T . ' . PLL/SGLZBUS/BUNLAS
~ generator concatenates views of said replay event from at least one camera, ﬁggl %%%ﬁeﬁt%ﬁ:ﬁ PMao6
. motion.sequence.incorporating said concatenated views. 34. A system as claimed in any one. 0
claims 20 to 33 wherein said broadcast generator determines when to. insert said replay video
according to predetermined criteria. 35. A system as claimed claim 34 'wherein said broadcast
generator inserts said replay video instantly or after a delay based on said predetermined criteria. 36.
A system as claimed claim 35 wherein said predetermined criteria depend on classifying said replay
event into one of a group consisting of an Attack ewnt, a Foul event, an "Other" event, and a No

event. 7. A sySigi 25 SRINE0 iR AR N AAPCINERNSACIRRELET dRgeyed said video

feed from a main camera. 38. A data storage me aving stored thereon computer code means for
-~ instructing a compufBhs aideastane wdheiaatireseine datpriiig e aondatipsadcast video of a broadcast

event, the method comprising the steps of receiving a video feed of the broadcast event; automatically

detecting a replay,eyent.in the broadcast event fram said, videg, feed of the broadcast event;
generating a reg?gy %‘iaéso@é;f ggié%%‘p a&ng\?gn%?eaﬁ%gﬁ%srﬁgt%a%Vége%rglr%ﬁﬁiép{ﬁgai%oadcast video of the
broadcast. event ingengeHAiGgNsEignprenpefierid SplertevPR Aaiat least one camera,

and generates a slow motion sequence incorporating said cqncaten'ated

views.

34. A system as claimed in any one of claims 20 to 33 wherein said broadcast

P

generator determines when to insert said replay video according to

predetermined criteria.

- 36. A system as claimed claim 34 wherein said broadcast generator inseris said
replay video instantly or after a delay based on said predetermined criteria.

36. A system as claimed claim 35 wherein said predetermined criteria depend on
classifying said replay event into one of a group cnhsisting of an Attack
-event, a Foul avent, an “Other” event, and a No event.

-~ 37. A system as claimed any one of clalms 20 fo 36 wherein said receiver
received said video feed from a main camera.

) , ‘ 38. A data sto'ragé medium having stored thereon computer code means for
| - instructing a computer fo execute a method for generating replays in a
‘broadcast video of a broadcast event, the method comprising the steps of
receiving a video feed of the broadcast event;
- automatically detecting a replay event in the broadcast event from said
video feed of the braadcast event;
generating a rep!ay video of said replay event; and
éutqmatica!ly generating the broadcast video of the broadcast event

incorporating said replay.
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