ANNOTATI ON OF VI DEO FOOTAGE AND PERSONALI SED VI DEO
GENERATI ON FI ELD OF I NVENTI ON The invention relates to
w@20wenisd7 of annotating video footage, a data BCDS&WHN00425
storing annotated video footage, a nethod of
generation of a personalised video summary, and a
system for annotating vided footage and a system for
generation of a personalised video sumary. BACKGROUND
ANDQIAT IONIPE YEHDEQ QO TAGEAND EEBISQVAldﬁHg\éDE& GENERATION
i ncl udes periods of relative inactivity foll owed by
nore interesting or high activity periods. Live
FIELD QFaBAENEONf such vi deo footage often include
commentary and/or replays of the later as these are of
nore interest to the watcher. It is also common for
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pers&%ﬁ%éd%ooéuﬂrﬁ%age to use for replays and which
replays to use in a video summary. It is known in the
art to automatically anal yse video footage to attenpt
BACKEROUND Cate the decision process of the human
production director. Generally prior art nethods
attenpt to identify "events"” within the footage, such
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broadcast s i ndex may be used aut omat i cal

interash e waichers &if AlpoicamEhamr iiershieaiseatsrol e fostage o provide a

video X RAASASSrShd RSothdyd %ldWlllQﬁteHSc%da BmBRRRERbEIR MbstaRteresting
summary. Generation of the video summary is therefore
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Aut omati ¢ Soccer Video Anal ysis and Sunmari zatl on"
publ i shed in Synp. Electronic |Inmaging: Science and
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the dpcigin BIOSPSSs OE %aug@ﬁnﬁpf’%wow@%%e%wal% prior art methods

attenfﬂit%&kdé’ﬁ f%’ “doerig w.tmremt footafed sadH 8¢ b-duas rifobfall Uk determine
such om nant col our region detection, rohu st

the "boundanes of the event that will form' the replay.” An index of the footage may be

formed that identifies the time of each event and boundaries for the replay. In live

broadcasts the index may be used for automatically inserting a replay into the broadcast

or in later broadcasts the index may be used to generate a video summary. Generation of

the video summary is therefore a summary of the events within the footage.

For example in a paper by Ekin and A. M. Tekalp, entitled *Automatic Soccer
Video Analysis and Summarization”, published in Symp. Electronic Imaging: Science and
Technology: Storage and Retrieval for Image and Video Databases IV, IS&T/SPI03, Jan.
2003, CA, a soccer video analysis and summarization framework is disclosed using
cinematic and object-based features, such as dominant colour region detection, robust

shot detection, shot view classification, and some higher level detection such as goals,



shot detection, shot view classification, and sone
hi gher | evel detection such as goal s, referee, and
w@enwaltig4box, and replay detection. However thPGT/SGB®S5/000425

.not allow identification of goals by a specific player

of a team N Babaguchl , Y. Kawai and T. Kitahashi, in

a paper entitled "Event Baged |ndexi ng of Broadcast ed

Sports Video by Inter-nodal Collaboration,” published
refercp% andeenaltyrheX, andl repiay detectionn Hawevigp this dmﬁ ed-aflgw identification
of gobBy b SR RicPHiSer BeLteansemanti ¢ anal ysis nethod for

broadcasti ng sports video based on vi deo/ audi o and

cl osed caption (CC) text. The cl osed captioned text is
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frrtkeoadsaging srasts; idaacbased oncvidag/gudia a'i‘@) cloged é%?,tlé@ (CC) text.

The @68%“0!‘3&9‘:8%5 Ereatd BPtHEURak I ¥r5@sdﬁ?ﬁéﬁ f &fmmentators speech
omrent at or Ianguage it is difficult arse these

for the SRPHR RO ¥e?. U0 AR Grare BRRCessedita detest bighlighis, segment

the stob; b @BadtparSpii@drur al  Language Parsing (NLP), is
required to extract 1nformation fromthe text.

Techni ques to parse unstructured text are highly
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u an entitl ed
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reqwfé’@pfol @ﬂraBﬁﬁmgﬁiahb@ from hielbkts h'%bhh[%;é&% Whiskl uRetudtured text are
es, Pipns, France, , 2002. (ACM
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Additngilys WpeBEh Zrahsiptiors ioh ©CStEXE FdsURO e thet adthy @N régdFling live sports
detection and recognition, called video CCR is

evenl§i scl osed. The systen1detects di fferent types of
events in baseball video including scoring and | ast
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m ATttt 2002, e B P eee R e 100 3 P S
systespfor bagsiall MitleoSevenVadty&idniand 0 Rv-Rizhtidragsifg SvRimposed caption
text detection and recognition, called video OCR is disclosed. The system detects
different types of events in baseball video including scoring and last pitch of each batter.
The method is good for detecting game structure and certain events. However, because
of the difficulties in achieving high accuracy in video OCR, its use for semantic analysis of
sports video has been limited.

Correctly identifying who or which sportsperson is involved in an event has proven
a particularly difficult problem to solve. Other useful information about each event
includes when it occurred, what type of event and where did the event occur. Prior art
methods of indexing and classification have failed to comprehensively characterise each

event in the footage.



a particularly difficult problemto solve. O her
useful information about each event includes when it
woeewanrsd] what type of event and where did t heCEY€IN5/000425

occur. Prior art methods of indexing and

classification have failed to conprehensively

characterise each event in3the footage.US Patent

nunber 6751776 di scl oses an automatic vi deo content

summari zation systemthat is able to create
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prom nent vi sua ture vi deo f oot
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he t heme-relevant 'video characteristics wth
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accuracy and effectiveness because of [T’ mtations
and raay Ny prviderimitediassurany aae affeitivergsshecansesefdhe fmitations of NPL
techrififfi@ss at |east one of the above problems. SUMVARY In
accordance with a first aspect of the invention there
is provided a nethod of annotating footage that

| NE hegetherrsreldifstdioefid&stat RS the %B@\ﬁé‘ﬁ)roﬁle\’dsd eo

stream and an audi o stream conprising the steps of:
extracting directly or indirectly one or nore keywords

SuUMBNKYr features fromat |east said structured text
broadcast streans, tenporally annotating said footage
with said keywords and/or features anal ysing

t qmai‘dlaﬁc@%tﬁceﬁﬂltst ABP: ¥ @tk KFREMRIIherd &Y Blrovfd@até"ﬁ\%%lod of
to determne information about one or nore events

annofgting feptagg hat nplusige 2 sipjciured dext broadeasy straam.taMigee ama@m and
an aRfid SERIM, c@mpﬁtsmbqe’e éiepd g es and/ or tenporal

|nfornat|on npri se.: detectlng one Or nore ev
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said Sfuchitbd tds@yrRbESt afe4As, features neets one or nore
predeterm ned criterion, and determ ning i nformation

abtémpo@ﬂ)f AnRRiatng Sid foptage WilTRiG kperose s andes inaiumes

analysing temporally adjacent annotated keywords and/or features to determine
information about one or more events within said footage.

Said step of analysing temporally adjacent annotated features and/or temporal
information may comprise:

detecting one or more events in said video footage according to where at least one
of said keywords and/or features meets one or more predetermined criterion, and

determining information about each detected event from annotated keywords
and/or features temporally adjacent to each detected event.

Said step of detecting one or more events may comprise the step of comparing at
least one keyword and/or feature extracted from the structured text broadcast stream to
one or more predetermined criterion.



and/or features tenporally adjacent to each detected

event. Said step of detecting one or nore events nay
w@owpoiBse7 t he step of conparing at | east one kegmeGZHO5/000425

and/ or feature extracted fromthe structured text

broadcast streamto one or nore predetermn ned

criterion. Said step of det & ni ni ng i nformati on nmay

corrprl se the step of indexing each of said events
usPHY StenPhgetREinne dnfeunation: Bay crowrisathe septindaxing each of

said &@¥its BiRRE pRYikeFivoRPRtraSRUGroht Shd Slrudttrd i Bréd¥ast stream.
further conprise the step of indexing each of said

events using a tinme stanp extracted fromsaid
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i ndexin further nprise the ste refining. the
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may relate to at | east one sportsperson playing a

sport, and said step of extracting may further

C oBgidl isted bhrndeklag rfdy mmka@bmﬁasmé Btep PS¥ fefififg I8 indexing of
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f eat t f
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conpri se annotating said foot age with said

sp sperson. Said s xtractin further

o%iss °tfﬂ8tag?épayofé'%gtt ?%@%éﬁgmﬁw\/@ﬁvmg a sport, and
said Qtepttﬁfradracﬂﬁgitnaba‘pﬂﬁé\ﬁﬁbmphs%amb stare ot eﬂ?&t%@&ﬁrﬁcrﬁaﬁhsperson

pened_from a ast one of said streans, and

featu{ffe M PO AVEN [ B SHOVEE et PROPaRt. Heas it 568 step of
annotdting eyl dognphisé dnhétatimpsaid ftigd with $4d ¥hespereh. event
occurred, what happened in each event and where each

event happened Said structured text broadcast may be
S [BHid Stepe bt esﬁadﬁgg tret furBel compasel tﬂfé?}ét&@f Sexdn@ify when each

eat ures |ses ne o r
evend, G BEA WERLMRERRY i Ragh BUThera kS £oFT Gieimangened from at
least ramieeof said Iweeinsf eaﬂ U/W@emfadwj whepr gﬂ fﬁnr&:&éﬂhd mwaSNI&ir comprise
ature be extracte rom sai oot age. id one, .
annolgig SHE TRBAGR At H i AL TP AR WeAtdiappSte in each
evenexrid wiedre dath eversdiagpateduct ur ed text broadcast stream
a video keyword extracted fromsaid video stream and
an audi o keyword extracted from said audi o stream Sai d
eVeaid stagturedigitibsericastrha ise Sorisnesteasiirg tart(SWIW t hi n
t he footage chosen
Said keywords and/or features may comprises one or more keyword(s), and
wherein each keyword may be determined from one or more low level features, and

wherein each low level feature may be extracted from said footage.

Said one or more keyword(s) may comprise a play keyword extracted from said
structured text broadcast stream, a video keyword extracted from said video stream and
an audio keyword extracted from said audio stream.



fromone or nore of the followng list: goal,
free-kick, corner kick, red-card, yellow card, where
wo b@7atieon is football footage. Said one or nRPCESG2005/000425
predetermned criterion may conprise said play keyword
mat chi ng one of said states of increased action. In
accordance with a second aépect of the invention there
is provided a data store for storing video footage,
cIBaideventinsayicompridesta slateuefeingrgpsed, petion thim dhgefaokage chosen
from %HQ%"@%O@Q o?‘fl‘?eofo‘ﬂb\ﬂ Igt y&gl RbhRgt, 'cﬁrn@m( redlt&rd, yello -card,
I'ng clal rdance Wt q aspect ?
wheretf@amoerﬁtfpoiball fmtaga s provi ded a net hod of gener ati on
of a personalised video summary conprising the steps
of . storing video footage including one or nore
e\&aid sonewkermedre predhtepningdi eritenamnmay sompHsssiseice@lay keyword
matofii 8hdloPSid Qeldior FrbaBakbygnot ating foot age above;
recelving pretrerence or sai'd personalised video
summary; selecting events to include fromsaid stored

vi |H%‘30(§r89r‘i<%‘1ﬁltr‘/‘£‘ Skéo O\'fd lctacffstl'\é In@éﬁtio‘?ﬂh@fe i8 pPdWRIY a data store

event satisfies sal pre erences, generatlng sai d
for stosing ofitigoi foethgei sharaciarisas: ip habin yse @agiewé@t &eptages iy gnnotated

acconldﬂ%cﬂﬁ%’é AR, .%F&%ﬁhé FdcBamgRefhs Of the invention

re is provid ystemfor annot ati ng f oot age
conprising a data store storing said footage and a

cq SdaRELUMRY thitd Ws?&&stﬁ Qe GRBRIGHHR ﬁsopr@&ﬁ@é!taemethod of

sal conputer programto carry out t he steps of
generpépn@aa@srsannlaedtwdfpg suBwaLY éoraaaﬁ;@ therﬁt%RGchr dance w. th

a s‘ftbrfn{rq\no Bﬁggfméltlikﬁnd GNée&t R é\}éﬁfse wherdit 8X4Hesaf events is

' Sd‘yste r ration of personal i sed video sunmary
classifiegmererding t@ﬂwanathgfi@f énrmt@imrf@otgw ab9¥6ot age and a

c %Eéﬂnﬁg_p Péf&%éé@ fofs#ld ?Sn%%ﬁ&fsee QfebFuRfchry0 execut e

sai d ut er ram o carry out the steps of th

ne‘«iq'ﬁﬁﬂn@ﬁV@'@ﬁé‘? Elc uga from ?‘ﬁé@%éﬂd% Mt%%é’f}e@dh?r&la;‘is'rcat'o"
of a @%‘Vé‘venﬁ&t@: ied bl drdrb s ind HE DRAW NGSExanpl e

odi ments the invention will now be descri bed
wi ganerating rsewor@rwamsﬁéi idepsuigraaryfipmyprig gelected events.

In accordance with a forth aspect of the invention there is provided a A system for
annotating footage comprising

a data store storing said footage and a computer program;

a processor configured to execute said computer program to carry out the steps of
the method of annotating footage above.

In accordance with a fifth aspect of the invention there is provided a system for
generation of a personalised video summary comprising

a data store storing said footage and a computer program;

a processor configured to execute said computer program to carry out the steps of

the method of generation of a personalised video summary above.

' BRIEF DESCRIPTION OF THE DRAWINGS



Figure 1 is a flow diagramof a nmethod for video
i ndexing. Figure 2 is a flow diagramof a nethod for

w@ergorshl sed vi deo generation. Figure 3 is a BCHBGEN5/000425
di agram of a system for indexing video and generating
personal i sed video. Figure 4 is a schematic di agram of
the indexing and classific@tion process. Figure 5is a
fl ow di agram of PKWextraction fromSW. Figure 6 is a
f IExamplesgmbadiroéntPiiiihexinyention will iovo he ABScribed yithgeferencedo the

I an exanple of SWI. Figure 8 is a table
dranl d|"ﬁ‘é!ﬁ%5 a sanple of SW for a goal event. Figure 9

|s a flow diagram of parsing i nput video streaminto

i d
0 5THire § 703 B Bt BRE mURRARPGEEERLS NGNS
eXiguse Riioa flow gingrare opa ayﬁ/thqquawrb@wﬁed/wd@@ gsegyaton: s .
F'qulfrg 31% d §c%nﬁalti9%é’d %Wér"% Qs tAVIORYideRnh! ko ghcggéﬁerating
| ow a net

Iagramo od for automatic vid
perSOQallﬁﬁ?derde@reatl on fromuser preferences. Figure 13 is a

@'kﬁ% emé?ﬁat@ Ja'gré}ﬂ%ftr%r.n@ésa daaée.frésﬁorg B!

creatlon roma sunmmrary. ure IS a

leaEgH%lﬁwlﬁb@ﬂ@‘éﬁla@j}‘impﬂBlﬁV\é@gmmn emé&Wion, parsing and

f
Fﬁ’??ﬁé%o?é'?%ﬁ?}ﬁgﬁégw PiiPoltcfu g am of 2
ré’pﬂtﬁ9§'$$tﬁh|¢1@fm\e>@ ekt $\WH. directors. Figure 16 is
qulg Wig G @%{@éﬁgemmp aaéamﬂé bISIVirGhr 4 gs‘an%%ﬁer or:

a
f oo et ecti on. gure 17 1 [ ow di agram
ofFigie all@@flpwwiﬁ%ﬁmpﬁéaﬁswﬁl'nnut ideg streamiinia Py, faptay and break

VIdeo%%eHéHfét Bd EdrﬂMé:%akS is a diagramof the three streans
footage annot at ed with semantic content.

Flgure 10is a flow diagram of VKW extraction from the play/replay/break video
segments.

Figure 11 is a flow diagram of AKW extraction.

Figure 12 is a flow diagram of a method for automatic video summary creation
from user preferences.

Figure 13 is a flow diagram of a method for automatic video summary creation
from a text summary.

Figure 14 is a flow diagram of replay video segment detection, parsing and
classification.

Figure 15 is a flow diagram of a method of learning weighting for different types of
replays from human production directors.

Figure 16 is a flow diagram of an algorithm for the soccer or football ball detection.

Figure 17 is a flow diagram of an algorithm of the real time detection of the
goalmouth.

Figure 18 is a diagram of the three streams of footage annotated with semantic
content.

Figure 19 is a diagram of the three streams of footage annotated with semantic
content to create a personalized video summary

DETAILED DESCRIPTION



Figure 19 is a diagramof the three streans of footage
annotated with semantic content to create a
w@ee3orshi zed vi deo summary DETAI LED DESCRI PTI EIXVS@H05/000425
f oot age processing, particularly automatic video
processi ng, requires sone knowl edge of the content of
the f oot age. For exanpl e, ifhh order to generate a video
mmary of events within the footage, the original

f oMldS@ dorlagel erassRng. drartiarly AWRMBRYCoYdes ProRessiRg regires some

knowl&ddehb theR¥orReesShafobRGE. VIFSHesxariIdBihYordBY tcb@enerate a video
Suml%gnerat ed that only includes events that neet one

Perf@VPRle TN theifgrlpae. e REgiRRliTptage Repds,soms form of annotation

of th@ﬁb@ldgeenﬁ this way'ZpeadnhiedGlidseSsdiiBe @Y beSgeMetdibd that only
Vi deo f oot ?ﬁge 100 may be stored or

mclupg%gye‘rg%ﬁ!a?%@et?qupﬂr& YHO8- di fferent streamns:
structured text broadcast (STB), video and audio. In
nore features. and/

S FBET AP BIBso, YRR SR s molBALr lassifying events

Wlthlﬁtvidébt fdbt%@e{ eViied Favagta $00 &fa&&ﬁ&toﬁc}! (fﬁr@@(;:lil:&frhvd Meluding three
e 1S e W e at ur

ittt PGS RPN (b bIoRERoh (o) VB #d yclcbngoriah 192, one or

moreéféafr € hindonehigord iffemiatioparéegirsdted ROMQIt dast said structured text
' to determn info

i.nformati on, are [
broathst TR oI KEP & Rk ARE LoTlpach SR Gty A the features
and/exxt@fpogal argpimamhl .Ofh tep A0Bat@pbray éd]@éérﬁlahgdﬁwﬁ feBtures and/or
S vi deo t nnot ati.ons .may .i ncl u the tine
temigal ol ot iy o Gh i Y AA OB EOHE PG CoyRHTE events
withiasdidtfbstagéat ur e or type of event. The venue of the
event may al so be used as an annotation. For the

foll owi ng enbodi nents football or soccer or football
Wi Ah é»emrseobmcatm &xanpotatingdsbbrsighddol  Whl spdi® video typical

anncRS Frp Bl e St Vel DS P Bt 1 e uRBpg i fpe exent and
the natere opftypepefrdvent!i Tieo vendd oftthi@iecartnyayhalve be ulsée%e raarmmotatuon
Cul ar

or._given ayers. qr ns_an
For (8 o b et e bR PT et B ILEE HSSL e Sxample,
althoubht wikbé appreciateef tasiesth@sermBodiriente asd hot seabstréted ahd aay cover

;% not at ed f oot age to generate a personalised video
annq {aﬁ 9PRE g’bmmry may i nclude video, audio and/or

STB streans. Figure 2 shows an exanpl e enbodi nent of a

ne}\huosgr ]:)P spéjrf"s Vi goaw%llst?lglcgltydﬁaove a preference for given players or teams
and/or a particular nature or type of event. Accordingly once annotated, events that meet
the preferences may be easily selected from the annotated footage to generate a
personalised video summary. The summary may include video, audio and/or STB

streams.

Figure 2 shows an example embodiment of a method for personalised video
generation from stored video footage, where the footage has been annotated. In step
202, the preferences are set for which events to include. In step 204, events that have
annotations that satisfy the set preferences are selected from the stored video footage. In
step 206, the summary is generated from the selected events.



generation fromstored video footage, where the

f oot age has been annotated. In step 202, the
wee@fersaeces are set for which events to incl uPET/SGI05/000425

step 204, events that have annotations that satisfy

the set preferences are selected fromthe stored video

footage. In step 206, the 8ummary is generated from

the sel ected events. The nethods shown in Figures 1 and

2 Thaymeibodgighee dn iRatsese A denst Rymay be rereplaysichindpiendently or in
a n
comb YR ool TP ORI R R e BT PUEE AReB aiatigen
Figuredbodi ment of a system for indexing video and
generating personalised video. Video footage 300 is
received at the input 301. The content data may be
sfFiguer] 3o phpyoeasexamplenrsehasiraent. ofa ctysien énindexipg evideo and

gener‘éhrﬁjgeﬁefsgﬁélﬁ;gﬁ UlﬁeoseWe%t ﬁ)@ta@%dwlf RVigdeRled at the in ut 301. The
correspondingly to a video processor 302, an au

contepf drta stayrbesgaresd Ay Papcested pripediatehr B stiegmupiibe e(td@o footage
is sepTaPéed’ bAg %ré\ﬁﬂgdaaﬁresgéﬁin%%@&ﬁmb pr8deskt §64, aReaudid Processor

nporary data stora for exanpl e, Random Access

304 avsnfm §T{3WP§SSQﬁ@0§e?Qraﬁ@qf?ted@'?aV'@€t% tagep Epefp processor may
mterfé-:‘c’éé\m t%mp%rel??ﬂgtadét&lé%;e 30Bi(foh eké}ﬁblﬁdﬂﬁncﬁirﬂ N:bésl%rfﬁemory (RAM))
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100 in Figure 1) as shown in Figure 4, as an STB
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processing.

In order to facilitate annotation, a framework is necessary. In an example
embodiment each of the streams of the footage is analysed and “keywords” are extracted
(step 102 in Figure 1) based on both spatial and temporal features in each of the
streams. These features are mainly low-level features of the three media contents. For the
video stream, the features may include colour and intensities, histograms, motion

parameters of key frames and video shots. For the audio stream, the features may include
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Once the keywords are extracted the keywords may be aligned in time for each
stream 418. Player, Team and Event detection and association 419 takes place using the
keywords. Here events refer to actions that are taking place during sports games. For
instance, events for soccer game include goal, free kick, corner kick, red-card, yellow-
card, etc.; events for tennis game include serve, deuce, etc. Each replay may then be
classified 420, for example by identifying who features in each event, when each event
occurred, what happened and where each event occurred. The semantically annotated
video footage may then be stored in a database 422.

STB Analysis

STB allows easier parsing of information that is less computationally intensive and
more effective compared to parsing transcriptions of commentary. Normal commentary
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In order to analyse the SWT and generate the PKW over the whole footage (416 in
Figure 4), the game introduction 510 is first parsed to obtain general information and then
each of the ADTs 500 are parsed to get temporal information relating to events within the
footage. Examples of parsing include processing of stop words, stems and synonyms on
the SWT stream.

The PKW may consist of a static and dynamic component. In Figure 6, the static
part 600 is extracted and stored in the Sport Keywords Database (SKDB) 602; including a
set of sports event and teams. The dynamic part 604, including players’ names and
events, is extracted over the length of the game and also stored in the SKDB 602.
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footage used to represent the event. For example the event may be detected using just
the PKW, resulting in an event window of about 1 minute. If the event is first identified
using the PKW, the VKW may be used to refine the event window to a much shorter
period. For example using the VKW, the event may be refined to the replay (already
chosen by the human production director) of the event within the footage.

The VKW may also be used in synchronising the event boundaries within video
stream and the STB stream.

Video analysis (412 in Figure 4) may involve video shot parsing as shown in
Figure 9 and/or VKW extraction and object detection as shown in Figure 10. The video
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detect@ﬁtf%% 385}’[3 video, based on mean-shift based video segmentation where both
spatial and temporal features are clustered to characterize video segments. For example
colours and motions may be utilized for clustering. Subsequently parameters of these
clusters can be used to detect replays robustly because of special characteristics of the
replay logos.

An example of a play-break detection algorithm is disclosed in a paper by L. Xie,
S.-F. Chang, A. Divakaran and H. Sun, entitied “Structure Analysis of Soccer or football
Video with Hidden Markov Models”, published in Proc. International Conference on
Acoustic, Speech and Signal Processing, (ICASSP-2002), Orlando, FL, USA, May 13-17,
2002. A HMM based method may be used to detect Play Video Segments (PVS) 904 and
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to one semantic unit: a single video keyword to represent the whole event of ball serving.

The process of determining VKW types is now described. In step 1000 intra video
shot features (colour, motion, shot length, etc.) are analyzed. In step 1002 middle level
feature detections are performed to detect sports field region, camera and object motions.
In step 1004 a determination is made as to whether sub-shot based video keywords
should be considered. Sub-shot video keywords can be identified and refined through step
1000, step 1002 and step 1004. Similarly super-shot video keywords are identified in step
1006 so that one semantic unit can be formed to include several video shots.
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Audio Analysis

Similarly to VKW, the AKW may be used to further refine the indexed location and
the indexed boundaries in the footage used to represent the event. The AKW may also
be used in synchronising the event boundaries within audio stream and the STB siream.

Figure 11 shows the process of AKW extraction (414 in Figure 4) from the audio
stream. The AKW is defined as a segment of audio where we can observe the presence
of several classes of sounds with special meaning to semantic analysis of sports events.

For instance, the excited or plain- voice pitches of the commentator's speech or the



A further exanple of object detection is goal nouth

| ocati on. The process is shown in Figures 17 in which
wWGa@p/0133@0 enconpasses the sports field bei ng PET/8GL008000425

by isolating the dom nant green regions. In step 1702

a Hough Transform based |ine detection is perfornmed on

the sports field area. In 1s‘step 1704 coarse |evel play

field orientation detectiogn i erforped. In st 170
soundespline AIgHRs Si5MaY BF SCse PEe SYRIT Ihicienleefdgb deteelinese
specBPéduhas FHusBPR asBadiatanathi e} Ssbristawentel our - based

region (pole)-growing. In step 1710 post processing is

used to detect the localized goal nouth fromthe input

Vigiare eftidbre ARAIsyskSisRidbélaw] AKNGE M&Weithbe bAlK)bhetiy dpesports

used to further refine the indexed | ocation and the
specfigdexed boundaries in the footage used to represent

the event. The AKWnay al so be used in synchroni sing

t he event boﬁgmdari es within audio stream and the STB
GeneficAUSIA KSMWRIPS 11 shows the process of AKW extraction

o ( 43dini CorihBstaRr heédPm t he audi o stream The AKWIi s
defined as a segnent of audio where we can observe the
*priogiipd EoptmeyEater apeeshasses of sounds with speci al

-”E@lgin%(ﬁé?\cﬁmﬁéléc anal ysis of sports events. For

i nstance, the excited or plain -voice pitches of the
«c oixnifad Audienee Speddsh or t hesounds of the audi ence, etc
may be indicative of an event. It is very useful to
detect these special sounds robustly to associate with
Domugiarspenific pdictkeywordst s. Some exanpl e AKW are |isted

e . Al [ [ or sports specific.
Ge%@'!glﬂglgﬁ\g F%%a@\/\{ftonlra%ocle%l cgrﬁﬂ)% arﬂme nt alto or Spegc h
oExHittinrgdBdlldniTentiat or Speech Pl ai n Audi ence Sounds

Exci ted Audi ence Sounds Donai n-specific Audi o Keywords

Wi stling in Basketball and Soccer or Football

Hi Low ngvebaliehtures Ta6G i thatl owyl by aiseflefor AIEY exipastiondnclude Mel

frequrgan%y t@ep‘é?r&dc%%cré@’ W(fé‘)?tzie?@ drggéiﬁﬁj RAE I(ZCR), linear prediction
coefficient (LPC), short time energy (ST), spectral power (SP), and Cepstral coefficients
(CC), etc. The audio data is sampled from the audio stream at a 44.1 KHz sample rate,
stereo channels and 16 bits per sample.

The MFCC features may be computed from the FFT power coefficients of the
audio data. A triangular band pass filter bank filters the power coefficients. The filter bank
consists of K=19 triangular filters. They have a constant mel-frequency interval, and cover
the frequency range of OHz — 20050 Hz. The Zero crossing rate may be used for analysis
of narrowband signals, although most audio signals may include both narrowband and
broadband components. Zero crossings may also be used to distinguish between
applause and commentating.

Supervised classifiers 1102 can be used for AKW extraction such as multi-class
support vector machine (SVM), decision tree and hidden Markov model (HMM). Samples of
the pre-determined AKW samples are prepared first,_ classifiers can be(trainéd over the
training samples, and then they can be tested over testing data for performance
evaluation.



frequency Cepstral Coefficients (MFCC), Zero Crossing
Rate (ZCR), linear prediction coefficient (LPC), short
Wo povg/0g3seT gy (ST), spectral power (SP), and CepGI/s@2005/000425
coefficients (CC), etc. The audio data is sanpled from
the audio streamat a 44.1 KHz sanple rate, stereo
channel s and 16 bits per sl@nple. The MFCC features may
be conputed fromthe FFT power coefficients of the
audi o data. A triangular band pass filter bank filters
the power coefficients. The filter bank consists of
iangular filters. They have a const ant
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I'st1 ngui sh ause a comment at i ng.
usedsmpmke seducattestions, wWhich lqm‘!uldaﬁo'tﬁ@ct @oxdelpys thedb texts.
extraction such as nulti-class support vector nachine
(SVM, decision tree and hidden NMarkov nodel (HW).
PlayeSademh asd B¥entldetestien det er mi ned AKW sanpl es are prepared
first, classifiers can be trained over the training

Sqmag%]p BB to‘%ﬁ@n&n ¥n G RficAtRRt RFUR@ eveMs Withh tHaféotage,

or marice evaluation. Ti me al i gnnent Cross-nedi a
and mnogarherﬁmfovémgawﬁthtw gedlitiong) infyM3goR-i me- st anps enbedded
in the sports video/audio and STB streans may be

r eﬂgaLﬁr%gexé}erlé %@er‘itk ey Eeféﬁteﬁa(gﬁpSfOﬁQﬁmlgmy 1NéHd $8 in Figure 4)

syncnroni se ternativel a machine |learnin

by asalyingathe 9@ ateganbel heskRIGM @d'?@ﬁi@é feque theco ég??'%ﬁ% “SGC?% detect
eveng“ﬁ@ és%cf,eéﬁréngﬂr)] Oﬁv et Md PRW any afehRybist e DA kitMfisdge based

vent detection It may be _useful

rulesd hrplégunerﬂgru&ﬁs are, étoaiqo'nﬁ%knqu{edg%d%@?aé@t“zév%?ﬂ%‘awp?%f’ﬁw such
as 96{@ Ecﬁﬁ’ﬁwq Ero@l?ﬁ@ta%n?e L@ pl ePAReRent THentthé Boundaries of the

|ona tion. In a first exanple events are
evend etecdateded gsleg)ﬂ@o\lINNrﬁnﬂu Afeand the,sirepies sYRCRIOPISEL: 4) by
anal yzing the STB stream The PKWextracted fromthe

STB streamis used to detect event Th i ati
beThelyel@nceamnles Byaaeh aveniare S8 SmINeA e %.8% analysis

of thB2wfr&url K n Figure 4 rules are stored in the
E V\P (ﬁﬂge%atabase 424. For exanpl e PKW such

Time

~ In the second example events are identified based on the video stream. As one
possible case, in the first example, the visual analysis previously described is used to
detect each of the replays inserted by the human production director. Each of the replays
is then annotated, and stored in a database. Various methods may be used to analyse
the video stream and associate with events. For example with machine learning methods
such as neural networks, supporting vector machines, and hidden markov models, may
be used to detect events in this configuration.

As seen in Figure 18 the footage is stored in the database once fully annotated.
Three parsed streams are stored including STB stream 1810, video stream 1820 and
audio stream 1830. As we can see that PKW 1812 from the STB are time stamped at
each minute 1840 while VKW 1822 and AKW 1832 are indexed at seconds and

milliseconds intervals. Three streams can be fused together for various applications such



as goal or foul in the SW provides a tine stanp for
an event. Then the boundaries of the event are
wa@ledoentd7 usi ng the VKW and AKW and t he streanmBCT/SG2005/000425
synchroni sed. The player and teaminvol ved in each
event are determ ned based_on an analysis of the
surroundi ng PKW In the sedond exanpl e events are
identified based on the, video stream As aqne possjble .
as eyeRt QeISCHon HayaIcaion K3l PErSOPRESY; SRma Bese] on the' fequired
gran%r@*b%idﬂléﬂ%@ﬁﬁdalﬂﬁﬁb, iohie Un@Chrttitred &treains eas be abed fug generation
replays inserted b tAswe, huna%ﬁﬁroduct,l on ||rector.
of supgaRy Hfeq-faey epn 9§§S? eINEE N SEANEPR UdD Pal®'st ored in a
dat abase. Various nethods may be used to anal yse the
vi deo stream and associate with events. For exanple
lgs e | earni ng nethods such as neural networks,
supporting vector machi nes, and hi dden mar kov nodel s,

be used to,detect ,event,s in thi.s confiauration..
aLmaY Alspige ARl P PelcEldf el pa: cBSsiy plays
(420 dtragas e4oneRinf tHel Sootate tamide dnnofhteethepfuosre with ethiss additional
. are stored including STB stream 1810, video stream
informai®l- and audi o stream 1830. As we can see that PKW

1812 fromthe STB are tinme stanped at each m nute 1840

i RariRY SRlATIEn, e st oo SR e b, SRPOBEoRE hus

' the ih@@@idendl elssificationsofapeplaysatsingig frradamotheenievel of semantic

teciio cl assificatiop, ersonal i zed summary.

anno%ﬁg@&%@ﬁ?{)qﬁggq%laqﬁqigrgda}@ﬁﬁg%a?? of particul ar d

appl i cations, one, two or three streans can be used

for generation of summary vi deo. They can be used

either in sequence or in parallel. Replay
Generhthsif bepphalized Mdepwyinmhap be useful , depending on the

application, to detect and classify replays (420 in

Figure 4) within the footage, and annotate the footage

W Adtotding taddfitst @vidodinménbrFigureof? sRews pyoateusst ob persnoalized

., classificatign is, described | il .her
videqg SUMANY balsﬁaso? h’éfqend’&{éﬁg cgﬂ%c(%ﬁtgs\&ﬁ ﬂg@{l@%ng%rpes of many
tournasiehizy i stepT1200,f urens giva dhdiepreferemiesafn thewmdesirad video summary,

t at.i f the foot ' h .
s BTG erh B B8 G T o8 vsooe
constraifi likd thentotadl lemgtit offthg Luéput Ridehpets. v sepd@02sa ot of PKW input

can eexrdsegi |e|dI bzaesgd on users' input. In step 1204 the annotated sports video content

Repl

database is searched using the set of PKW input to locate corresponding game video
segments. In step 1206 the selected segments are refined 1208 based on a preferred
length or other preferences. In step 1208 the video summary is generated.

For instance, a video summary of all the goals by the football star David
Beckham’s can be created by identifying all games for this year, and then identifying all
replays associated with David Beckham and selecting those replays that involve a goal.

Figure 19 shows the above created summary can be refined by using VKW 1920
and AKW 1930 where boundaries of video/audio segments can be adjusted based on
boundaries of VKW 1920 and AKW 1930 instead of relying on PKW 1910 only which has



vi deo summary based on | arge content collections with

mul tiple games of many tournanments. In step 1200,
was@re7give their preferences on their desiredP@i/semos/000425

summary, possibly including players, teans or specific

sports events, and possi bl e other usage constrains

like the total |ength of fife out put video, etc.

step 1202, a set of PKW ut b denti f
a craghlatty &F neiripue: MASBpgeaRG.egelan @%@bpﬁ%@b*@&ﬁwée's neural
netonde@r%uﬁﬁéﬁlﬁ@t/e&é\*rﬁé@ﬁrﬁasl SarbSatdrmate Boumtry Agjustatenaf

KWinput to | ocate correspondi ng gane vi deo segnents.
In step 1206 the sel ected segnents are refined 1208

b?\%%’rclﬂgug 18 aFHe@B@d em8odifieat Rigofe 18 BRdwPR@d antdezesumrhary mlght
step
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entl r this year, and then
°Ut°°mé’r§lt’ﬁ%rﬁ‘g aQFjIh' %htﬁfgt?‘&@&ﬁ ated with David Beckham

and sel ecting those replays that involve a goal.
F| ure 19 shows the ve cre ted s an _be .
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nodel s, neural networks or supporting vector machines,
can perforn1the boundary adj ustnent. According to a

seswn q)aemg)didmaaés Seqlieheesl 3f timowtarhmad RKWsdthat sleseribeyactions

o o eSS . oG A BRI E 4 Bk s oo win e
videoStreERI3hdfudid siRand, angd #rearmotsedidemfs stored ida de@bass ¢306.
i ncl udi ng names of teans, outcone of the game, and
highlights of the gane. Firstly the text summary 1300
| STHegrefefbnices fromdhe et surmmgresre ehaf usedporstiect 1304 winich events

o eyt 202 05014 5 RLARAE SR8 Eyovens

cand@éte%ieﬁ‘e opfariided ekt wrsa set o peadefined ddelywardsf fot lgiven sports; for

S This generates th .
examprg @%lgq@ptstfﬂr SOé%gIh?r fgcéts@“n @HQ é%e.ﬁg%ﬁ%ﬁ,n%o%qg Rl&, etc. All
thesedpotts kepvaras Henesed i bothitext-satnamge dndPtérs bitdadtastieg sciifiie

actions taking place in the sports gane. The event
boundaries are refined and aligned with the video
stTheaselactdnasfdeventd mesnbe durther hrefiseth d868,edepandig 01 preferred

tored in a ase 1306. The preferences fromthe
'e"gt68§?ur‘§'ﬂ ﬂ}?f@r%%rgﬂce(%ed to sel ect 1304 which events

Finally, the video summary 1310 is generated (204 in Figuré 2) based on the video
shots and audio corresponding to the time-stamped action items selected above.

According to a third embodiment, a learning process may be used for detecting
and classification of replays, and summary generation. Video replays are widely used in
sports game broadcasting to show highlights occurred in various sessions of the
- broadcasting: For typical soccer or football games there are 40 — 60 replays g'enerated' by
human production directors for each game.



to include (step 202 in Figure 2) by searching the
dat abase 1306. Sports highlight/events candi dates are
wor@anised based on a set of pre-defined keywoPdBESEGEZ05/000425
gi ven sports; for exanple, sports highlights for
soccer or football include goal, free kick, corner
kick, etc. Al these sportd9keywords are used in both
text summary and text broadcasting script. The
selfberei @re dhregvdynes wehyreplays ugenasatedent ribrbel 3tfBrent stages of
[ su
broaggé’s%ﬂg [H3tnp r'é__’dl%t %[d%@%éﬁ@%&%gfsga%ngﬁéé{%ﬂp N8hular sessions

rer erences
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for e%Eﬁ%%bcfe‘r %@tféﬂﬁ‘alloéarﬁ§ Whﬁé( %unﬂgﬁs érumf iéak, RU&F @ & pos t bR much smaller

deo repl ays are W dely use

becaé'ﬁ%aab'é%? megt 'ﬂ@r%qﬁ'awaﬁilcgﬁl qrmwghié @an rbééemte\sdafm ghewing during

the bs;@é(séms%aﬁg%eg,@@sdcastlng For typical soccer or
football ganes there are 40 - 60 repl ays generated by
human production directors for each gane. There are

t hERArd Y08 a MY d@%’&ﬁﬁ@éﬁ@ Cep? %/m gl‘gg§ i "s%,@tmoo video

stages of broadcastin nstant r

ana'm]Srfﬁea tadetgspaderlay ?qg@gwmfé@ m%fooéaws iq)d%tegm%a@/ent In step
1404 th%&?pé"'@ﬂ fepR ?dde'ifﬁﬁé’d‘gué?ﬁéé R o g b,erkeéﬂ‘d f@@l An step 1404

i deo segnents breai < an

eac@@@'ﬁ’%r'ﬁ themgigssified intgyp aeerdefined ﬁgt @frfyelt @é@gcmg éﬁaﬁ guch as such
as gbsil \yBaIsANe éb"ﬁl—fmége@)’ foiﬁ%?d O8iAg aﬁ‘ﬁ@sfsh& tﬂQ%TEg@fFEam Ornce an

sessi ons. aver a there are 30 RVSI nst ant
RVSeigei '%Set?étedoﬁhef bﬁl anglyped 'ﬂh‘ihleepfﬁ(a?ﬁj@ﬁ‘ dimsf peeigg ( 0 5~ 1.0

minui¥sd &KideMPtHOS e Much smal l er because only the nost
interesting actions or highlights can be selected for

showi ng during the break and post-gane sessions.

Fi gor £ sddtep BPY&)&?&HW Wihe 483 REJIInNUEhRPBf Fd iefr¥ id%ﬂoted N-

repla In st i deo analysis I's used to
RVS gstme biy rRYS ey \'fs’moatr theneNRV? age, anddN-FMSeet ar@aemph smaller than
N-R\EY £}, SihBe AtiBn E@&j%cﬁdhedﬁéé&ﬁs eérehmplsabéct ﬂﬂm L,gaegn& NIVS et

RVSi nst ant . break and S post. In st
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preference to create more precise video replays for users.

Figure 15 shows an example learning process. The video and web-casting text
data is collected for multiple games. For each game all RVS j,sant 1500 and RVS e RVS
post for 1502 are identified. Then each replay break is categorised 1504 by visual and
audio analysis with manual corrections if needed. Then machine learning is used to
calculate the weighting factors 1506 for different types of replay, j, from the two
collections. These weighing factors then reflect how human production dlrectors use
‘replays when they create RVS preacand RVS post.



mnutes) to identify the category. For a soccer or

football gane, where the total nunber of replays are
wa@lenwehzE34NRVS i nstant > N-RVS break. N RVS postPCT/b&m05/000425

N- RVS break, and N-RVS post are nmuch smaller than

N-RVS instant- Since human production directors

carefully select NRVS br &8 and N RVS post from N RVS

instant the sel ection process done b man _di rect

ol hlll rs. .
c Basesbon dag Aetectetiand dassifiedgR P seesd® WRY a5 Hipispened weighting

factorSRF RIS of BRIrMMPErtaRicha @slcstiscasbd Riatialof iRt RUBK S, to generate
deci sion trees or support|%% vect or nmachi nes such so

the pereeitalisgd YidesimmerighetAystieiprioriti es can be given
to different types of NNRVS instant, even together
with consideration of users' preference to create nore
piteid]l be appissiatacy aygrsr)arskﬁgsé ﬁbt%erﬁ"gtﬁ?fe"%e@%mgﬂaéﬁ"s andfor

modifR%ASHY fndye deNintdieP RO CRES prebbat Wvéatorands whbwaakt ithg example
text data is collected for tipl

[ ! mul e ganes. For .each
embogigasnts, MUPRYISARRTT I 11O 08 SR FVSBPE- [oSXGRIET gy broadly
describe82TRe exarfigBlenbRiimerts &fe, anslaforepoade torsiderédsin all respects to

cat egori sed 1504 by visual and audio analysis with

be MysiAtNG andgiat &RFIENS i f needed. Then machine learning is
used to calculate the weighting factors 1506 for
different types of replay, j , fromthe two
col l ections. These wei ghing factors then refl ect how
human production directors use replays when they
create RVS breakand RVS post.Based on the detected and
classified RVSinst nt s well as the | earned wei ghti ng
factors in ternms of their inportance, a selection can
be made of the RVS nstant to generate the personalised
video sunmaries automatically. It will be appreciated
by a person skilled in the art that numerous
vari ations and/or nodifications may be nade to the
present invention as shown in the exanple enbodi nents
wi t hout departing fromthe spirit or scope of the
i nvention as broadly descri bed. The exanple
enbodi nents are, therefore, to be considered in al
respects to be illustrative and not
restrictive.CLAIMS: 1. A nethod of annotating footage
that includes a structured text broadcast stream a
vi deo stream and an audi o stream conprising the steps
of : extracting directly or indirectly one or nore
keywords and/or features fromat |east said structured
text broadcast streans,



tenporally annotating said footage with said keywords
and/ or features analysing tenporally adjacent
wanwonzized keywords and/ or features to deter m PEI/SG2005/000425
i nformati on about one or nore events within said
footage. 2. The nmethod clainmed in claim1 wherein said
step of anal ysing tenporal By adj acent annot at ed
features and/or tenporal information conprises:
CLAWMSB:ecting one or nore events in said video footage
according to where at |east one of said keywords
and/ or features neets one or nore predeterm ned
1. crAneathachof sandtatiey &rotags thgt indfidesastractuebddentt besaritast stream, a
anno s and/ or features
vided A &1 G G s ARy SR C anc . 3. The
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n@a%g@%eﬁﬁ&&ﬁﬁ?cﬁédgbpgﬂ V\ﬁéﬂﬁéel{]éyg}ér Is esnrtld/glefe:gﬁ}rgé) go determine
inforraticsr ahauk age drhoreneventsiwithimpaid fedagene st ep of i ndexi ng
each of said events using a play keyword extracted
fromsaid structured text broadcast stream 5. The
2. netheowettiodidaimed in him ﬁnwtlewhleseiﬂmtqad)fchrmlyemgdémporally adjacent
' j i ndexi ng each
anno'(t)apé’tgfgagﬂ %%/g'ﬁé@e%gl%m%l@ﬁ%hw? orﬁ%ﬁext racted fromsaid
stdafestingeietos xiore ewde bssaidvideafnotade aficerdinet thohere at least one
of saﬁ I@yﬁﬁfbs‘éﬁd%r%éﬁés%&%@bﬁe Sth8redd r&ﬁ’et&f héhdgr)iép& and
er conprises the ste ref n% exi’’ng
a@ﬂiermlmgau infosvatinns abewtngaczh de@e@dkemrfcbmxammedi keywords

d/drFOLRR 1SN T g&gclaimedin claim
an grvﬁler eitn gg‘?g)%@&eépﬁg %ar%e(%%@ urther conprises the
step of refining the indexing of each of said events

3. UST @m@ﬁgﬁ%ﬂeg Wﬁgig‘sz %Fé}ﬁ%ﬁﬁ stt%r?gi’ ééfegpaﬁwe or moye events

stream cl al med one O
comprigey thghglepioh comparing ael@aﬂdmedgaeywr)ed amcﬂgr featuwie extrasted from the

strucRitéd Wﬁ%ﬁ@%ﬁgﬁeea% f%ﬁé%r%ér@%% et@ﬂﬁnecba#rﬂ fjrep of

extracting r conprising the ste extf act | ng
whi ch sportsperson features in each event fromthe

4. SUTACHUfRE cﬁa‘?ﬁﬂ%d B Qafr2S br SRR s?@%ft%gbfjdegtem?ﬂg information

annotating c ri ses annotating tage
comprises the step of i |n exing each of said events using a play keyword extracted from

said structured text broadcast stream.

5. The method claimed in claim 4 wherein said step of indexing further comprises the
step of indexing each of said events using a time stamp extracted from said structured
text broadcast stream. '

6. The method claimed in claim 5 wherein said step of indexing further comprises the
step of refining the indexing of each of said events using a video keyword extracted from
said video stream. .



sai d sportsperson. 9. The method claimed in claim8

wherein said step of extracting further conprising the
WGEe@p/oT34ext racti ng when each event occurred, REESG2005/000425

happened i n each event and where each event happened

fromat |east one of said streans, and wherein said

step of annotating further %onprlses annot ati ng said

e _according to when each event occurred, what
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n said structured text broadCast is sport
said fi é?@ﬂg text (SWI). 11. The method claimed in any
one of claims 2 to 10 wherein said keywords and/or
ture es one or. npre keyword(s), and wherein
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12. The method claimed in claim 11 wherein said one or more keyword(s) comprises a
play keyword extracted from said structured text broadcast stream, a video keyword
extracted from said video stream and an audio keyword extracted from said audio stream.

13. The method claimed in claim 12 wherein said event comprises a state of increased
action within the footage chosen from one or more of the following list: goal, free-kick,
corner kick, red-card, yellow-card, where the action is football footage.

14. The method claimed in claim 13 wherein said one or more predetermined criterion
comprises said play keyword matching one of said states of increased action.
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conputer programto carry out the steps of the
net hod according to claim 16. :

16. A method of generation of a personalised video sufnmary comprising the steps of:

storing video footage including one or more events, wherein each of said events is
classified according to the method claimed in any one of claims 2 to 14;

receiving preferences for said personalised video summary;

selecting events to include from said stored video footage where the classification
of a given event satisfies said preferences; and

generating said personalised video summary from said selected events.

17. A system for annotating footage comprising
a data store storing said footage and a computer program;
a processor configured to execute said computer program to carry out the steps of

the method according to any of claims 1 to 14.

18. A system for generation of a personalised video summary comprising

a data store storing said footage and a computer program;

a processor configured to execute said computer program to carry out the steps of
the method according to claim 16.



