Met hod and System for Event Detection in a Video
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stream BACKGROUND OF | NVENTI ON The event broadcasting
i ndustry is becom ng one of the nost profiting
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through analyzing the video frames, the details such as who scored the goal cannot be
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evaluated using A/V features easily. Secondly, some events are almost impossible to be
detected using only A/V features, e.g. “yellow/red cards” events. Therefore, good sports
video highlight generation requires much skill and experience and is a difficult process.
The low-level A/V feature based bottom-up approaches tend to capture thé syntactic
information rather than rich user semantics. The view composition from multiple cameras
tries to help viewers reconstruct activities but often misses important visual clues to infer
events. Furthermore, the assessment of the quality of sports highlights is a strong
subjective task.

A need therefore exists to provide a method and system for live event detection in video
that addresses at least one of the above-mentioned problems.



In accordance with one aspect of the present
invention, there is provided a nethod of event
wa@ledoentizen in a video stream conprising the sPepSGm6/000120
detecting a text event in a casting text stream
external to the video; and identifying a correspondi ng
video event in the video gtream based on the detected
text event. The step of i@entifying of the
correspondi ng video event may conprise tine aligning
the casting text streamw th the video stream The
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utilising periodic pattern change detection to identify digit regions within the digital clock
region; identifying a first change in a pattern of one of the digit regions; and extracting the
time information based the identified first change in the pattern of the one digit region.

The identifying of the corresponding video event may comprise defining a search range
for identifying the video event in the video stream aligned with the casting text stream,
the search range being around the temporal location of the time stamp in the aligned
casting text stream and video stream. .



for event detection in a video stream the system
conprising: a detector for detecting a text event in a
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identification unit for identifying a correspondi ng
video event in the video stream based on the detected
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collecting pattern templates for the digit regions from different frames, each pattern
template representing a digit character displayed in the digit region; and recognising the

digit characters displayed in the digital clock region utilising the pattern templates.

"The extractor unit may extract time information from the digital clock region utilising
periodic pattern change detection to identify digit regions within the digital clock region;
identifying a first change in a pattern of one of the digit regions; and extracting the time
information based the identified first change in the pattern of the one digit region.

The identification unit may identify the corresponding video event in the video stream
based on the detected text event by defining a search range for identifying the video



The identification unit may utilise a nodel with a
"noi se-event - noi se" structure conprising of a
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epresen a digit character displayed in the digit
region; and recognising the digit characters displ ayed
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the digital clock region; idehtifying-a first change in a pattern of one of the digit regions;
and extracting the time information based the identified first change in the pattern of the
one digit region.

In accordance with a further aspect of the present invention, there is provided a system
of extracting time information from a video stream, the system comprising a detection unit
for detecting a digital clock region in frames of the video stream by utilising periodic
pattern change detection to identify digit regions within the digital clock region.



utilising the periodic pattern change detection to
identify the digit regions within the digital clock
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of the digit regions; and extracting the tine
i nformati on based the identified first change in the
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periodic pattern change detection to identify digit regions within the digital clock region.

BRIEF DESCRIPTIONS OF THE DRAWINGS

These and other features, objects and advantages of the present invention will be
better understood and readily apparent to one of ordlnary skill in the art from the
following written description, used in conjunction with the attached drawings, in which:

Figure 1 illustrates a conceptual block diagram of event detection from a live
video.

Figure 2 illustrates an example of text broadcasting.

Figure 3 illustrates the keywords definition for soccer events.



the digital clock. Figure 9 illustrates M cycles of
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Sequence (TNPS) in a region of a video image w t hout

the overlaid digital clock and a TNPS in a region of a
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Figure 15 illustrates the time relationship of A/V stream and text stream.

Figure 16 illustrates the Hidden Markov Model (HMM) grammars for alignment of
text event and A/V features.

Figure 17 illustrates the probability score combination scheme.

Figure 18 illustrates a probability scores graph for a “card” event.

Figure 19 illustrates a schematic drawing of a computer system for implementing
the method and system described.

Figure 20 is a flow diagram of a method for video indexing.

Figure 21 is a flow diagram of a method for personalised video generation.

Figure 22 is a schematic diagram of a system for indexing video and generating
personalised video.

Figure 23 is a schematic diagram of the indexing and classification process.

Figure 24 is a flow diagram of “play keywords” extraction from Sports Web casting
Text. .

Figure 25 is a flow diagram of “play keywords” extraction from action description
tokens.



tokens. Figure 26 is a table of an exanple of Sports
Web casting Text. Figure 27 is a table including a
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Figure 28 is a flow diagram of parsing input video
streaminto play, replay and break video segrrents, and
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Sﬁ‘f&uhre %2 is a flow diagram of a method of learning weighting for different types of
replays from human production directors.

Figure 35 is a flow diagram of an algorithm for the soccer or football ball
detection.

Figure 36 is a flow diagram of an algorithm of the real time detection of the
goalmouth.

Figure 37 is a diagram of the three streams of footage annotated with semantic
content.

Figure 38 is a diagram of the three streams of footage annotated with semantic
-content to create a personalized video summary.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Unless specifically stated otherwise, and as apparent from the following, it will be
-appreciated that throughout the present specification, discussions utilizing terms such as

” & ” 3 ” &

“detecting”, “identifying”, “calculating”, “generating”, or the like, refer to the action and
processes of a computer system, or similar electronic device, that manipulates and
transforms data represented as physical quantities within the computer system into other
data similarly represented as physical quantities within the computer system or other

information storage, transmission or display devices.
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represented as physical quantities within the conputer

systeminto other data simlarly represented as

physi cal quantities withi 8 the comput er system or

ot her information storage, transm ssion or display

devi ces. The present specification also discloses

The pré’s‘éﬂ@%ﬁédﬂfcaﬁ&ﬁ a&%rélgél&éégaﬁd&%@@%r%érﬁbﬂﬁm@fthé |?)%erat|ons of the
hods. Suc appar at us may be special |y constructed

methoq'so |Suplh @PPRGIHS BRY ke see@ally ?ﬂnsﬁﬂy‘tee daphes eeylirg@ paiFRgses, or
may ccﬂHﬁrﬁé‘éSQ ?@ﬁlﬁie rgeée ohputdi et e SRk é/&édﬁvél?t édﬁ%@@ or

reconti a conputer program stored

reconfigusAsh BY SrCOMPHEST ATIAM HAREddM NCACSMIESs The BBt st dismlays

presenRUheRdih atd A Nigitrbatly Rl £@ drly p@mumrcbh@u{eabr ﬁfpla’péﬁﬁratus
or other a paratus Var i ous generaagﬁur pase mach

Various,ggnasel RISEREQIMARNIBRD RS HEFHIlb PRUTEES IR GRCQTARC with the

teachmb@ AR Q\‘itehﬁlh%lp th&lcbastRatiby ot hord Rcimpsd éMférleQ t@berform
nor e s eC|a i zed t;gaparatus to Igeerformthe require

the reapEE B VRLEP PV SPRPBI aTHE SHIUIE, ol g CaTvEn ek general

purposs@amgnﬁarwmadpp@anﬁérﬂlth@uémﬁorcmwter wi || appear from
the description below Figure 1 is a block diagram

illustrating the steps for aligning text describing a
Figure Yiiglg®loek @RigrdrR llhlé&aﬁngTEneQiep%Cféluélrgﬁﬁ@&eﬁfdésbﬁ)mg defdeo event

even ccordin ex di ment of t
0 the (51 GLRCUTRVEHPE R VSRR & HRGSOEIED RO GRATERP STFRpgiment of the
present Wéﬁt&ﬁl Milefd BRY tW® cbh@rmmput dearcey &ébtln@ td Ithe same video
orts vi de t ext
i

br.o t
event, § 45 BRACPTR SeRHmHED ANBaR e WeET g deXcieh I tgicape
embodﬂ:_%t,htehls m;lmil gﬂotﬁalwaéﬁalckz mg_rd ditgdall f]%émeveﬂaitfm th'éhﬁdeo The
. . 1 gl tal QcC I,.cCa | at es un
aigal a8 hipcafly floardS i€ aawal"of Fifereessd 5 1B Shatueni In the
exampfgf&mtbdm‘d?ntsw ihputvspdee vided 102 |£¢REGEGdbnﬁét |$ta lﬁo?dﬁ:ast soccer
[ oadcast SO | recjiate a
game VRS PPt Hht das o Siptl Yo JOERESLT BXstigk o other

sports Sp@lehtdamaiayent domai ns. At step 108, keywords are
defi ned. The keywords are defined by selecting words
of the input web-casting text 104 and associating the
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Once keywords are defined at step 108, the occurrence of an event of interest can be
detected by matching the words in the text description of the input web-casting text 104
with the defined keywords at step 110. An event detected from the input web-casﬁng text
104 is hereinafter referred to as a text event.

At step 112, the semantics of the text event are extracted. For instance, a semantic such
as the name of the person who scored a soccer goal is extracted.
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W reference to the input sports video 102, AV
features such as shot boundary, semantic shot class,
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video ePbiifLctabiienUBkiailgiot N\Bfeemré dRtradtibe wili g8 dedcrivbditer.
overlaid in the sports video 102 is detected at step
118, and the gane tinme is recogni zed at 120. Details
Simultahfeloldél it sfdeMK% ,deieedigitainclackl oyanaidtinnther smotgniiteom02 is .
i e scr At step 122 text event
dotoctalf 976.d3cath e grEodin fi BPENEET At a7 aPnEin ar dBRk ook
detectici and gage &M@ recsynitpnhwill bd aeseibedflatar.f i nal vi deo event
product based on the input text 104 and sports video
102. Details of the aligning at step 122 will be
At stepdexX; tHchtegt dvehrandWideceenaentd areesyhoidionized tcaohtaintthe stautirigyand

e 5 S5 AR B4 ST R ol o sors

video foacDewiiest thbalignineat stepnp2 Mtlm:desm:nb@@laterr mance due to
the precise information available in the text
descri ption based on the web-casting text 104.

The exantpldembodiment edvardagEoyslyusea rtext)delsardhing; arspotts cidesumient to

the pl.ayer/team. i d vent

cotot o BBl BE STl b, DR e, G ovon
detection quetfoinsareeadueattl theaprecispt informationt availableniat the tSplededeription

Rec n| tion..(A (
vosea TP SRR 15, PO 0 A PR g8 o
such ab ¢hd playad/tdsdRinvalved in theespodavidey eséiitect ed by vi deo

quality, or CC and gane | ogs which are not easily

obt ai nabl e, information on sports events is nore
In the ﬁp@&i goragiaj texhlat ifforomatibWBfea gportsnevené isf availeble ds eaption text,
Automatlc gpeecmgct:o%mtl%ﬁ (RéR) Closed Caption (CC), game logs, and Text Web
_Broadcasting (TWB). Compared with caption text and ASR, which are heavily affected by
video quality, or CC and game logs which are not easily obtainable, information on sports
events is more freely available from TWB e.g. in the form of live text commentaries or
match reports that are published on the Internet. In addition, TWB possesses very
detailed information about the event such as the players involved in the sports event and

the approximated time of the sports event.

Figure 2 shows an example text event entry 202 of a TWB sports commentary 200 on the
Internet, which contains detailed information of a soccer match. The text event entry 202



mat ch reports that are published on the Internet. In
addi tion, TWB possesses very detailed infornmation

w@bwman73ie event such as the players invol ved POI/s$G206/000120
sports event and the approximted tinme of the sports
event. Figure 2 shows an exanple text event entry 202

‘of a TWB sports comment a 200 on the Internet,. which
contai ns detailed |nform§ 1on of a soccer match. The

text event entry 202i ndi cates that a goal has bee
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in the odi ment, at the step o eywor
TWBa%ig\eist‘ﬁ“f‘?eoqﬁ@g‘g?l"ﬁorﬁ?r%'ﬂpe 1, each type of event
features one or several uni que nouns. For exanpl e,
" Ye

ow car "Red card" for r g
Returnigg do El3U5 it Bcammig sraboarenlort e s Sre B gérighn 108
in Flgu?é G le&etd type dﬁ%ém_}it festymsr oise br savardBubique ahe:mss f orasxample,
« .10 i nproye accurac e n
vello it S B e B RS B Bt 4R TSR e
deﬁnedsaé keN@ds laﬁd tahe ubdrk tcedalnspi keyavddsl fromnT\WBHoridentify a relevant
ovet. §5 ARS8 B0, e K e BPREREE & ol congion o
preferaBiyatisfiddig tiidite waamiplegmabddimeince, in the exanple

enbodi ment, during keyword search, stenmm ng, phonic

and fuzzy technol ogi es are enpl oyed to determ ne
Firstly, Whkelherdst heigatct bave kdiffecemt lzppeanppess. edror n exhmpiEvB.‘g-o-a-",

I k £ Jh
sooociR o AT YR RS A A" AR, 16 D
embodingsra) diriek’ kﬁy\sorﬂasea‘rcrmsfegmihg phbmeaqdhﬁagpgechnoggtlehs are
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i medi atel y before or after the keyword are searched

secondfauieh ks Lol fiEh MRS dh0s sheratE incghings, For
-example, the meaning of “goal klck” is far from “goal” Hence phrases contalnlng
keywords can have different meanings. Both the keyword and the accompanying ‘words
occurring immediately before or after the keyword are searched and deciphered in the
example erhbodiment to verify that the phrase containing the keyword does not change

the meaning of the keyword.

Thirdly, the presence of a keyword in the TWB does not guarantee the occurrence of the
related event described by the keyword. The occurrence of the keyword may be a false
alarm of the related event. In the example embodiment, both the keyword and the
accompanying verbs, adverbs, adjectives or the like are searched and deciphered to
verify that the occurrence is not a false alarm.



t he nmeaning of the keyword. Thirdly, the presence of a
keyword in the TWB does not guarantee the occurrence
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occurrence of the keyword may be a fal se alarm of the
rel ated event. In the exanple enbodiment, both the
keyword and the acconpanXHng ver bs, adverbs,
adj ectives or the like are sear ched and deC|phered to
verify that the occurrence is not a false alarmFigure
3 illustrates a table 300 containing keyword
Figure ﬁﬂﬁjhti’étéis @nabfe0B30G oomtainingViesyiward defiriitorexfampbecer events in the
dlnen One of the events is goal 302, which
e””“m?ﬁﬂggﬁ?ﬁg scoring a goal. Keywords and phrases
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similar %V\é)rds and phrases associ at ed with the event "card
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card", "GPty o Bloarc IRyt et cBffor il GfetBhe. 2,
indicates the referee calling for offside. Keyvvords
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phrases' a&fsbsnatw with' thiefeventidoul 306’f a:es pgmmlt@rfmgi. ﬁiopﬁ; “booked”, “ruled”

yellow” 'in‘?ﬁe{r%ﬁatl fifth event is save 310, which indicates
OBV ng *the ball from bei ng scored or from

danger to score Keywor ds and phrases associated with
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offside”! RLGAL oSt Sad! ﬁé‘fﬁﬁde' or Sthitr &ridtbrishe _game. Keywords

ASSOCT At ed W|t’ e event "injury 312" is "injury",
“hurt”, "pain" or simlar variations. The phrase
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eyv\/o or t e event I njury
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same”, SHBHGAUGVY “Bridd @B MBsRELRY, BaTBr SR 29 sinildB variations.

A sixth event is injury 312, which indicates a player is injured in the game. Keywords
associated with the event “injury 312" is “injury”, “hurt’, “pain” or similar variations. The
phrase “injury time" and its variations are not included as defined keywords for the event
“injury 312" in the example embodiment as it relates to additional time to continue with
the game after game ending time.

A seventh event is freekick 314, which indicates that a free-kick is taking place.
Keywords associated with the event “free-kick 314" are “take free-kick”, “save free-kick’,
“concede free-kick”, “deliver free-kick”, “fire free-kick”, “curl free-kick”, “free-Kick", “free
kick", “freekick” or similar variations.



A seventh event is free-kick 314, which indicates that
a free-kick is taking place. Keywords associated with
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Broadeash et 9gf8e yideq is Hée%s{‘a‘ﬁs cxRB R RtnettEr A angpysis (116)
becau&@ﬁ}o%déé)% s‘éBééMgdrﬁb Gidey rc@ntémsTﬁml m&pmd&bﬁd\ ivigrmation that is

feature descri pt e 0 na

- favourable for video sumrlngryl, and fur%lcoarmore t?ne po¥,tS producr;{xon information provides
robust A/V features. However, it is appreciated that other types of videos can also be
used. Examples of the A/V features used in the example embodiment are listed in table
400 shown in Figure 4. The associated A/V feature description, type of analysis and

method of extracting the features are described below.

One A/V feature for visual analysis is Shot boundary detection (F}) 402. In broadcast

video, the shot or duration of an event can be regarded as a basic analysis unit. An initial
shot boundary detection (SBD) may be performed using software such as M2-Edit Pro™
-or the like. The detection result is then manually refined by deleting any obvious and



nmet hod of extracting the features are descri bed bel ow.
One AA/ feature for visual analysis is Shot boundary
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duration of an event can be regarded as a basic
analysis unit. An initial shot boundary detection
(SBD) may be perforned using software such as M-Edit
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broadcxdtdeccerigameivideoe 4, a third AV feature for VI sual
anal ysis is Replay detection (F3 ) 406. In a typical
br oadcast soccer gane the director would normally

in Figlr@uNahthitd 12901 fadtufedTori vidLeil @blybig i€\Respla. détectiom, (Fgpiay In a
detection greatly facilitates the soccer video
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| ogo, t aLe c I pigBed
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denoted by value 1 and O respectively and is collected as a sequence in the feature
denoted as ID F;.

A fourth A/V feature for visual analysis is Camera motion (F,) 408. As the camera

typically follows the movement of the player, the camera motion provides a useful cue to
represent the activity of the game. In the example embodiment, six camera motion

L (1

features are extracted for each frame, specifically “average motion magnitude”, “motion

entropy”, “dominant motion direction”, “camera pan factor’, “camera tilt factor” and



A fourth AV feature for visual analysis is Canera

nmotion (F4 ) 408. As the canera typically follows the
woreweorasy of the player, the canera notion proRCTIE62086/000120

useful cue to represent the activity of the gane. In

t he exanpl e enbodi ment, six canmera notion features are

extracted for each frams specifi cally "average notion

magni t ude", "notion entra , dorri nant notion
‘ direction", "canmera cgan factor "canera tilt factor"
‘cameranzadnt favkara The@enpraiedeamerpHroliisaire s densiacasth} Forwhich

] feature is denoted as ID F4 , which is an R6 vector
is an R'seepiergaguence.ifth A/V feature for audio analysis is
Audi o keyword (F5 ) 410. There are sone significant
game- speci fi c sounds that have strong relationships to
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audio, A S AL AoFRe TSRO RGHANTS REVEP e dppgled
as ID FEOH ¢ RaRguéhel WilBachVélg@@ntnarktittf thRCdudtNkayibrd @RI of the
find recognition will now be described. These actions

correspondingfpmed Wi th steps 118 and 120 respectively in
Figure 1. Wth reference to Figure 6, a digital clock
600 is overlaid in the soccer gane video of the

Video clocknjeitectiontzndi geame timeynprogrifion willheovd bgideatritgdo Jhegoactions

correspgg%ﬁré@%ﬁegg dlqgeag\gglr %&cﬁvél]g %Igglte ‘E?{g&iﬂgf 8@(‘#@ F?Sure 6, a

digital clock 60606 ,0ve0dd iA the astictemn gaievvidem of dive axsmplgnembodiment.

dol f
o ISP B e dpBaher i BRI LB L08R oo
abbreviatetptayer kenm heme@SR0AEG0vband tureerdisgore Qﬂﬁaﬁa&t/étrgdiﬁqrzalaiﬂeo

text recégr%{ﬁrlu ﬁ‘@@d ﬁ‘%ﬁ&%‘ QQ 93&5 % )?tpe%g |'tHeZ Qmé %mter\‘ﬁ rﬁ"i‘ﬁgla\éia is the

I's use o recog
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612 on ;fffet nglli\g@ad ic cﬁ%bs %E’éﬁ E&toghgéé ttﬂgrs%ﬁ‘he\ké){ gsl%e' @Cﬁgﬂelﬂgd is used

ue 1o reall
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in dete&{n%e(%git Engraétg?segﬁ) gn EQ}e be limited due to the typically small size of the
digit characters 612 and low resolution of the soccer game video. The speed of the
recognition process is also typically slow because of the complexity of the algorithm used
in the OCR method, furthermore, the OCR method involves training the algorithm to
recognize characters.

In the example embodiment, a special characteristic of the digital clock 600 in the soccer
game video is used to detect the digit characters 612. Utilizing the special characteristic,
the digit characters 612 of the digital clock 600 can be located without first having to
recognize all the characters found in static regions of the soccer game video. The special



recognition process is also typically slow because of
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frame of the video correspondl ng to the static regions

At step '7%6 PéEnﬁéHtéHJ glntonant A<M isadtilisée Eb Zé&lnelﬁtthé 'bﬁi%rlz&ﬁ video

Connected Conponent Analysis is util

image torgetia saries, ef conrrsied ﬁﬁg'@“? &fg'@%er%sts(&qlbéﬂwh mn@@?@*dﬁ"y

contain BRIUigREn&hctery @2st (RA), which may potentially
contain the digit characters 612. At step 708, the

candidate ROs are further filtered and reduced based

At stepo’?OSjotHB' SaridnR ¢d98 FHGOMAS MEted @nﬂgre'dGcﬁd b@se&%hg@émam
wdth ratio, distance between nult

knowlecigeewchv%sr 2¢coRling & siee ofpigy Feadioee %&ﬁ@ns% Hs?wee" uttpte

ROls ahd "tr%ne\Ye?ﬁéal %@ﬁ’i@h Sol tAatt Mfise/ bﬁ&@tﬁe‘ﬂﬁ@ﬁe@drﬂ s@ﬁh‘bols in the video
I ncl uded git characters

image asp gekingtied e Bt EaTPaPRAZf (e AaoIqh SO0 IHl pr cagrained
in someF&EL FRbAniRY candidate ROIs.

At step 710, a periodic pattern. change detection procedure is -applied to the candidate
ROIs to locate and identify the digit characters. In the example embodiment, the
SECOND digit character 614 (Figure 6) is selected to be the first character to be located
as its period is the shortest and therefore can be located the fastest.

The periodic- pattern change detection procedure involves observing pattern changes by
applying a similarity measure S(n) on a candidate RO! in two consecutive video frames.
S(n) is given by equation (1).



At step 710, a periodic pattern change detection
procedure is applied to the candidate ROs to |ocate
waea7iodsmt i fy the digit characters. In the exaP@l/eG2006/000120

enbodi nent, the SECOND digit character 614 (Figure 6)

Is selected to be the first character to be | ocated as
its period is the shortest, and therefore can be

| ocated the fastest. The'%%riodic pattern change
detection procedure involves observing pattern changes

b | S di dat
R0 T Lwo St l?;&a@‘e%@@%@?’ﬂimg )s(n) i's gi ven by
cquat o (1) SR = . (x, ) (1) (% 9) (1) (%, e

where HAE?ﬁ%eermF%eﬁn&Jerm&ﬁ@yS?%Q?@ Hggfs\falu{létxpos}%n A)% gghl-? is the

ue "at ositio e se
segmented ragrormf they dlgdquatactﬂwax aid nar&p@mtwrwm qi@y Womsithogonal

axes of_ltﬁée V@% o e neans yﬁ‘[g)to!‘@%@nfj%%% & b 89 whdag 4 5r@r¥ﬁe same

a an b are the sa
value, ofbadrwise ibisHerwi se it is 1. Wien the franes are
bi nari zed, the fornulae of S(n) becones equation (2):
S(n) =Bn_i(x,y)(r)Bn(x,y) (2) {c y) R where B(x, Yy)
When the fraines brenkinarized, thedgemyla el Snabeeonaas guuation 6: (x, vy)
and B(x, y) is given by equation (3): Pattern changes
due to changes in character. nunerals according to tine

(if any) of(ire daBdiGaypeBAx,68n be2pbserved in a
graph plot of Temaor al Nei ghbour| ng Pattern Simlarity

(TNPS) Sequence, that is, S(n) versus video frarre

where BRC 950 BHBREE Pios i BBk 243 R A Bhen by
equatiop@8t| uded to be a digit character of the digital

clock. If the pattern change happens once every
second, the digit character is a SECOND digit

character 614 (Fl ure,6). ififi(xty)e thedsheldn change

happens onBdXeXér ten seconds, the ﬂ it chdfhcter is

a TEN- SECONDS di git dhar adkfdk Wrgh (e @'8re 6). If the

pattern change happens every one nminute, the digit

character is a MNUTE digit character 616 (Fig ( 'Wi
Pattern ghanges gee (@ Fhrngeariy ShARRIsE AYMeals 909%'"%% (i anyof the

candldéﬂe ROl CHARE bBServEd an TENTAMHINBIDED T dF cthporsh Nerfhb8iriryl Pattern
Similarity (‘I'?\IPS) Sequence, that is, S(n) versus video frame sequence number, n. If the
pattern change is regular and periodic, the candidate ROl under test is concluded to be a
digit character of the digital clock. If the pattern change happens once every second, the
digit character is a SECOND- digit character 614 (Figure 6). If the pattern change
happens once every ten seconds, the digit character is a TEN-SECONDS digit character
618 (Figure 6). If the pattern change happens every one minute, the digit character is a
MINUTE digit character 616 (Figure 6). If the pattern change happens every ten
minutes, the digit character is a TEN-MINUTES digit character 610 (Figure 6).

Figure 8 shows a graph of the TNPS Sequence for the SECOND digit character 614
(Figure 6), with S(n) 802 versus the video frame sequence number, n 804. A periodic
drop-.down 806 with a significant lower S(n) value can be seen occurring every second.
The periodic drop-down 806 indicates that a pattern change is taking place due to the
transition of the SECOND digit character 614 (Figure 6) from one numeral to another at
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and thecsggcﬁ\ld%hﬁu ddnsiﬁqmtheté'é didhtg] |un§ér?§slf|SQQQSEEDﬂBrIﬁg|5&hdré%ter
e second conclusion 1s that the
614(F|g,uam@b| date RO under test is the SECOND Di glt char act er
614 (Figure 6). It is typical in a soccer gane that
the digital clock may di sappear occasionally and the
It is typicaldn @isoeceptame thatithgidigital elpecrandisaragai ospasignallyaidripe position
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With reference to Figure 10, the TNPS sequence of the SECOND digit character 614 (Figure
6) has smaller variation except at the time when the digit character changes. The small
variations are obvious when comparing the TNPS sequence in the region without a digital
clock as shown in graphs 1000-and 1002 of Figure 10A to the TNPS sequence in the region
with the SECOND digit character 614 (Figure 6) as shown in graphs 1004 and 1006 of Figure
10B.
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the SECOND digit character 614 (Figure 6). For other
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To test whpthenpisetested dandidats RA! tawly sentaivgithe HEAOMNMHIgH | dharacter 614

t t
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cter’ poé ‘i ond ‘are"l ocate next
consideteddp confain thedSEGAND digié charadter &9 ({rigwee 6). rfﬁr Pth@rmaf\m“ changing

pattern%?fs érga%"l’s[)ggltgﬁglé b mdy apfbPid fve GirdGK péﬁbdtchﬁlnhﬂtﬁ??alues, the

value of E is likely to be beyond the threshold value.

where

Returning to Figure 7, after the SECOND digit character 614 (Figure 6) is located and
- verified, all the other clock digit characters can be located at step 712. The other digit
characters are located according to their relative position to the SECOND digit character
614 (Figure 6).

After all the digit character positions are located at step 712, the next step is to derive the
clock or game time from the digit characters of the digital clock in the video. This can be
achieved using two different methods in different example embodiments.



achi eved using two different nethods in different
exanpl e enbodi nents. The first nmethod determ nes the
w@aove/0ti3ne by detecting pattern changes of therPdi/g62006/000120

characters and recogni zing the clock digit characters

in the clock. The second nethod determ nes the gane

time by observing the clock digit characters and
inferring the tinme for th® rest of the game t hrough

the natural transition cycle of time wthout involving
recogni zing the nuneric characters in the digital

The ﬁrsif H%@\%Pr JOElihésS Ehe"?énfl@ QIIrr‘eOEQ %kébﬁné %ﬁérrpeﬁaﬁesgﬁnﬂhe digit

omthe d now be descri b
charactet® i nacmgylzﬁrrgathescl@cpk digip chgrgﬁﬁgr%lrbglet gesle The %ﬁcapg method

¢l f | LE ey thettier f
i34 ) 5o b el s o vt o
the restc btz tgams |ttnfoughs ﬂ@ﬁ giatusal Baelion svdechf fmst W&ﬁ‘féﬁév\éqj‘"“g
recogn.zid{;'; %ﬁ&ﬁaracter Pefaﬁy‘@ccqcﬁak changes, the SECOND

Figure 6) will start counting
from 0". Hence, V\,hen a pattern change of the

SECRANBeMigitte EBA 3F lgaiebiRe (g URe dijital Blodktuittned, be
The ﬁrsa-ﬁ%tthe vi deo e|gse pl ayi ngtg%t he pattern of the SECOND
describadi.gi t character 614 (Figure 6) is understood to turn

"0" foll owed by 1", "2", ... and so on. Each nuneric
character, "0" " g

, of the SE acter
Continuing Fontaie €17, IS@'@P'@cPaE?m% gtdioit ?%%%\Iahg‘sﬂ%taﬁfﬁ?% afe collected
at step f”f%t tI'ﬁé ﬂ§tur%f tréHsﬂbﬁ p&HaAT GHGheCdigit Sfarddieds th e dRitabdiankks sdthehat
tern e of the TEN—SCC%\GI él |@ct} actter 16?1&
wheneve(r[thqj[ﬁwysgp qigit darastgr Wnﬂ%sﬂ 57 ¢]§N ﬁi};g Ccs%racée ? igure
6) wil s%ﬁ"@@ gg}w] %ghgﬁ{gcg Utr?g:aﬁégerﬂ‘éﬁﬁgfltdﬂmegﬁhmﬁmmb Higit haracter
618 (Flgg@(ﬁ)@rfteéectﬁﬁlr?éé?e Wieehs pRunérsSatE A e SEoN Aol 014
(Figure IGZ i df hLd%rs {to fdﬁf“(p ﬂﬂé\ﬁédbyfh'aﬂ?e N sncdlﬁ.*:j et tEadh nomeric character
wi t hout a heuristic ho
oL Dok i Sy AT IR
of digit &iélrFél‘{g) gf{g@ o@g?iﬁgflg(g@g{]é t@ahtteﬂlf (;n:ngé bithd GEmeEmlzND tllgﬂcrfharzcter
615 (FighrA D @at@ctepgwdn%tom@@aﬁav ori INg S Eafefon EiyBlighs Sclorlhgt

equatloﬁ %OGKH tfdé&\ @Hdﬁgé p§éitﬂfna§ tietested ?.éhme mumeeqmemce eupbeaitwhen the
be reauce

y conbi njn m|ar sa

TNPS reashgs & M KPS S0 TR PR e SARca s Bl without

a heuridhE WrEdrBldY B e é?fanip‘l@en%b@@hedt gitlicichsasaPAE mystame 25 samples of

each m{;%%g plgelgré‘gedrf“g'ﬁo (‘ﬁ”dﬁ Wegﬂggégagbrgé S%.l.o%?a{étla Séthgrgg aﬁing fhmb 'Pé?e of

25 and Ca?'o'f GRick @r@ﬁse‘élta%ﬁeﬁéﬁtes eres Mteh sRpRSf ®écogjnzmgi drglt |charg@srs The
he vi deo are mat ched le8al nst the. te

numbermﬁﬁq;mlqﬁgs eandeedyceq by GRaPINRY sipilaysamples, ggj Qn eq?ﬂ k? 10, elalmlze
calculatith fhsgiat i on (6) .

At step 720, the numeric value of the clock digit characters are recognized based on the
templates collected. After the templates for digit characters "0" to "9" are collected at step 718,
every frame of decoded images of the video are matched against the templates. The matching
score of a humeric character i is calculated by equation (6).

S() = Max{ 3T, (x,y)®D(x,3)}, i=0,1,..9,10 (6)

(x.y)el



S(i) Max{ Ty (x,y) (r)D(x,y)} , i=0, 1, ... 9, 10
(6)where 7#(x, y) is the binarized i mage pi xel val ue
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For the first case, the result x does not change during the 25 frames and the possible result will
be x when F(x) is at-a maximum. F(x) is the sum of matching scores for all the 25 frames and
is given by equation (7).

F(x)=iSk(x), x=012,..,10 (7)
k=0

For the second-case, the result changes from x to x+7 during the 25 frames, therefore there are
25 possible sums of matching score Gy(x), which is given by:

m=-1

G, (x)= ZS (x)+ZS (x+1), m=0,1,.. 24 (8)

k=m
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given byCOr r ect.. To determ ne whether X(n) is running in the
same sequence as D(n), equation (10) is used. Equation
(10) is given by: By substituting equation (9) into
equation (@) =@p+aps@n (143oi1s. deriy®d: The nost
possi bl e correct resul t sequence for the SECOND digit
character 614 (Figure 6) occurs when the D(n) sequence
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ganme tine can be determ ned using
9
> (X(m)-Dm) =0 (10)
n=0

By substituting equation (9) into equation (10), equation (11) is derived:

Zg:(X(n)—(Do-i-n)%lO)z =0 (1)

n=0

The most possible correct result sequence for the SECOND digit character 614 (Figure 6)
" occurs when the D(n) sequence is best matched with the sequence of final recognition results



equation (12). In the exanple enbodinent, if a clock

time is recognized with the format mm: st after
W@pprprasge t he mat chi ng process on each digit CcPEr/a61086/000120

the time | apsed from"00: 00", which is the start of

the game, in seconds is given by: r = (mx 10 + n x60 +

s x 10 + (12) For the th2r2ecognition result

mii)n(i):s(i)t(i), equations (13) to (16) are used. W

= i Y 0 i = i -
X(n). Wlﬁn( é/(h({') bﬁaluei%)fopﬁi;o §$(tig§)egu/%t(10%((i(l 1)}%0%&#e§eond&%)tgl%gﬂ§i& re+sult
X(n) is €ovsiderdd the fingl(ré¢dgnitiod restlt Bequéitle. ABcdrdifigly vthe recofiition result
A
step 722.ecognition is set, that is, if all the digits
recogni zed do not tally with the values calculated in
equations (13) to (16) for consecutive 10 seconds, the
After the earogphidsuibsequesed is sledvedl, thedapsteldamse tme cgn badetstreipsd using

cauatof 2k 85 FELBIAEH, T o I e g 6 o
mn:st aftéoapplyiag trehimbtobitigi pro¢dss on dm digiy charpetat,i thg tiade lap$eed from
“00:00", g .trggfg%,%afmé GaRelih g%ﬁ)i\td@'iﬁéséi Qfyyo! | ected and the

oghition step ased on new tenpl at es.
This verification process ensures that the recognition

resul :Togr(ﬁ]ﬁ,rg@&t&@s@gdﬂi abl 12’)I t is appreciated

t hat ent vi'deo conte the transition
sequence of the clock tinme may be different.

ror e ISERER el GEURLNEE H5of D B ORISR o on o)

above is for a soccer ganme where the clock tine is

increasing. In, for exanple, a basketball gane, the
cl ockt(t)i:ré(‘i'Sﬁdéé%ﬁ@ieﬁd, hence(13) is appreciated that

a dif f grept-.eqgualiiq oL,D(n) uld be used. The
appr og@h Qmpﬁeﬁba}égé\?je' ﬁg her eiﬂr}gfter denoted as digit

t ranspfj e TEearLnNCe6n)esi1bi cati ¢re) I n anot her approach
(hereinafter referred to as tine transition sequence
ver i f maeEi(ohf)-,1) tig+®0bekOt i me N be used for
verification instead of using digit transition
verification. In this case, only the tine transits are

where Tf - )8 ¥ tine¥od tHeausttréiguitdi gi ts transit is of no _
concern. The tine transition sequence in this case is

given by, T(i) T(i~ 1) 1 (17)

In the example embodiment, a criterion for correct clock time recognition is set, that is\, if
~all the digits recognized do not tally with the values calculated in equations (13) to (16) for

consecutive 10 seconds, the recognition results are regarded as wrong and steps 702 to

720 are performed again. This is because the clock may have disappeared or the position

of the clock has shifted in the video. By repeating all the steps, new sample patterns will be

collected and the recognition step after that is based on new templates. This verification

process ensures that the recognition result is accurate and reliable.

It is appreciated that for different video content, the transition sequence of the clock time
may be different. Therefore, the equation defining D(n) depends on the specific video
content. The D(n) given by equation (9) above is for a soccer game where the clock
time is increasing. In, for example, a basketball game, the clock time is decreasing,



where T(i) = (m(i) x 10 + n(/)) x 60 + s(i) x 10 +

t(i). In this way, the calculation is sinpler but
waeonrrassoi s | ower as shown in Figure 12. |f egQalsGon6/000120

(17) is satisfied for consecutive N seconds of clock

time recognition, the Nresults are considered

reliable and the correct  base tinme can be identified

based on the format mm: that is recognized. After

that, future final recognjtion_r
hence it mappf&@@te@@mtrﬂs@'ﬁﬁ'ﬁ’ét pargationsf P%Q('SC#\DEE{%%Q%%P hﬁt?pf) rgach
felichied bi BRlt rhRSRINIdqueRce ReifidatioX(n) i s
adopted éé%&%ect&gﬁé urg 12 1s g tabl e 1200 illustrating the
results of using the first nethod on six different

In another éag)g%{ag %Wn?ﬁ itréfte 38 B b8 % Henﬁ?r%ﬁ%t sétpemdWrfigatioh &he

€re are al se recogni tion, of
clock timelcaa edisgidtfocvaifiagticer ipstead of using ﬂ@@ﬁ@lt@aﬁ@rlﬂ%n In this

8f no Béricern. Th
s,y 5 kRO P AR o il s o oy, e
time trangitiin seqli®fcedn ((hﬂSJ n@erls givenibyi t s recogni zed

correctly)/(total nunber of digits); "tv" represents
"drr with tinme transition sequence verification" and
"dv" represents "di=Wth+di gif?)transition sequence
verification". It is clear: that "dv" is the nore
accurate approach conpared.-to "tv". The second net hod

where T@g-oﬂl%) }("I%n orf-;(ﬁ%))%@‘? lﬁéﬂf 10279 fhithB v@ th ealdiilgiidnaib sierpter but

e described. Wth reference to Figure 1,
accuracycie fnwenas sgown wrfrigire 32712, t he second net hod i nvol ves,

at step 714, detecting the video frane position at t he
first instance where the M NUTE digit character 616
If equatlf)ﬁ (P 18 sﬁa)asﬁ‘dajafw esngutiver V sdcbeds ©h clodie ttigvst fegagrifiory e N

results ag% g;gs%ﬁ?eg kel age dl tpgclﬁl:rgct e Ch 9:8 § ehrml?é 59:’5@0‘ S the

ShoWs &
format a3 the8Ge r&@fg‘ﬁliéd viflerothat, afvyre rinal3 eamagmltwn mexltﬂ((ms can be
sequence,
verified G HORITHR SRTS e TR UFEHE pief coRififentbsul

X(n) is cohtctvi deo at frame n = 0. The M NUTE digit character
616 (Figure 6) changes pattern at the m ni mum val ue of
S(n). As this is the first tinme the M NUTE digit

Figure mt@raa@bg 1806l (Siaging eheblesalmoaiesing thediretrapiied o8 s gferent

soccer WHB‘?] vtdﬁgéL ;I@pﬂg%%tuaé) afn?lﬁ L r&\ ?éer t‘r&%%@%@s%hpgrf thhi {fBre are no
false re§6'g=’ﬁ‘t@ﬁ50f dideR Wcﬂer@t tgnt hepressinds gama naFIS) ur,qu: Ggpresents
numberkgrél dlg}ﬁ gwa{qf‘éq,rg [r)?pﬁlg cﬂtts Slaﬁrl’gé;?éﬂ[tloﬁ ]r% (\l\:/hlg |§éa{1 ntggdédr =
100 x (RERBSSH Qs Tgcoinizad tcbmrectiyji{totalmurabareof digits); “tv” represents “drr
with time transition sequence verification” and “dv” represents “drr with digit transition

sequence verification”. It is clear that“dv” is the more accurate approach compared to “tv’

The second method to derive. the clock or game time of the digital clock 600 will now be
described.

With reference to Figure 1, continuing from step 712, the second method involves, at step
714, detecting the video frame position at the first instance where the MINUTE digit character -
616 (Figure' 6) changes pattern after the detection of the presence of the digital clock 600
(Figure 6) from the start of the video.



of S(n) is inferred as "01:00". Fromtine "01: 00"
onwards, the video frame sequence number, NI,
weonressendi ng to tinme "01:00" is synchroni zedP@u/s&2006@00120

clock tinme. Hence, where the clock time is required at

any point in the video, the clock tinme can be

cal cul ated via the videggframe sequence nunber N

correspondlng with that point. The clock time is given

by: (N- N1)/F + 60 (18) where F is the frame rate,

Nis the video frame nunber corresponding to the clock
Figure 1Bighews aagehphipotusfi $(ndfi302 nersus jvideprirasee,gnd 304 fer fhe TNPS

sequenc&ﬁzﬁdﬁ? é\ﬁlé@%&ag c%gfac{é?%@gm 6) 19' ! Péh@d ﬂ@trﬁbreﬁtﬂagn one

nonitore I'nst ead
minute aftegihe starhoftbe ¥ided B6 framegut 8- Bhe M'MUBE St fé@f%?éefr’ﬁdﬁé':'gwe

6) changtgg %%E[%r% ?St?ﬁeo ﬁl%mbé‘nov@i%@& Vﬁ(@?rﬁts thig?st igr@'rfﬁsg ﬁgﬁgge MMRUTE digit
characted élcFigiire &hehangesctoz ichangee i A" dondhr BRP fodhe natural

transmort ?x_ﬂﬂﬁé &@Qh€N|NETE |M!1¥F£E¥erq§19'(hg@@&3) ¥fbRgesOHe SECOND

digit chadacxmrtG‘lér(Elgatet @) agd thq 'ﬁE@ﬁE&@)l&d!@%@&fgte 'g'gglgure 6) must
be "0", tl[;@rgfo?é)ﬁ%dcld%ﬁ 61%&?!\@ libab f@h@%rn@@@or{dﬁhgﬂwmﬁi tH&) minimum value

in the video with

of S(r) tBuinfotred s P TORAB TGS PP P SonEpe: the it g s Sauence

numberI ILI# ué&rfe@{:brﬂﬂw Reth&sui:be” Rf syashrosi zédﬁntﬁ&h‘@rubcﬁﬁhﬁwd-lemﬁe
cer gane videos. The result

where theheloak tinee isgequiled @t eay: sgit inithm vigeo,dg, gl f ffﬁﬁ cBp 89.08 lated
via the \slﬁ]e?o ﬁélﬂ% l%eQb%eE iR EdrfespbiRding) with #dt poredTientleck time is

orrect cl ock appears in the video before it
glvenby‘e_aches one. m nute and the SECOND digit character 614
(lFI gure 6) hchanges every one second. A nmet hod for
aligning the text events and vjdeo events referred to
previously in dteN 1M 98 gu¢1§) 1, will now be
described in detail. In some websites, for instance,
sports. sina.com the inaccur of the.tipe: st 1N
where Fi/Be dameyateal! igiheaidegdragion U RSP RaiRg, {6 Tp ESEYhe fand
theunlt&Q&rLéatlls’ﬁ's@@&o?,Vent happening. In order to tackle this
l'em a robust algorithmis preferably utilized to

aI ign the text analysis result wwth the A/V features
it is apdf‘%&&@éftthé’tsthé‘ FERCSHCOND Bﬂgmhanaf:t@r B8 (Figurar&) nhay lsketnenitored

instead gﬂﬁbﬁNlNHTE%l&l@@;ter%qggﬁgx?é)swaigeor@ ?r{plrdﬁ@%qhgl{ 16 B&onds
from thesétEH aﬁ'n' {818 ABEtRe cldBk WilnEhowt '®OT1 01 Whén afpattetmectianga isrretected,

and the clock tlme can be synchronized sooner than using the MINUTE digit character 616 '
(Figure 6). In the example embodiment, the MINUTE digit character 616 (Figure 6) is
chosen to be monitored as the digital clock 600 (Figure 6) typically appears in the video
within a minute from the start of the video.

Figure 14 is a table 1400 illustrating the results of using the second method on different
soccer game videos. The results show that there is no false recognition of clock time
provided the clock digit characters are initially 'segmented correctly, the clock appears in
the video before it reaches one minute and the SECOND digit character 614 (Figure 6)

changes every one second.



TWB text stream 1506 does not correspond with the

start of the broadcast video event 1502. As such, text
wanelyss®Ibased on TWB only suggests a tine dupPariseroo6/000120

search range 1508 during which the identical event

m ght happen in the video (indicated in Figure 15 as

Al'V stream 1504). The sg§rch range 1508 is defined

based on the tine stanp 510 in the video, which is a

[ xed ti f, for f
A metho‘it’éragﬁ’f‘"l"gnﬁﬁet%’itﬂﬁnti (#ﬁd e\?aé'gg org ?e?rt\%&r%\ﬁ@?y@ﬁsmp 122
of Figure!, Wiltnolbieldésonibed fmedettalhe stanp 1510. The defined
search range is such that it is |ong enough to cover

the actual video event 1502. This decision may be nmade
In some bmdes)rfoexrstﬂncensmn‘ﬂ gile. cére, t@n@ahctmacx pethe Hee-stamp in

TWB Cafb?(%a%%e&? |3n4s ! an %Xﬂ\é:éil the a@félap\ﬂaé’o @%\Z'?\tapbéwmg In

m nut es |0n|g exan&
order to eadkiditie ptqblm,cau matbtest @mmhrdes erafersh ya'stllmecﬂ lto g \Jiag ttext

“analysis regg[f I)Qlath éme( dgAE f(égh?% \M'?ho%gni ﬁ% gﬁ%pé(t]e l‘!fdéﬁﬁfd’f‘mﬁ?&héﬁk?to detect

den appr oach
the tlmeWmarrb@uambfthsmcuﬂﬁltd@@fmeﬁ\@nt @éh? I@@Q i s detected
wi thin the search range 1508 determ ned by text
anal ysis on the text stream 1506, the AA/ and text
Figure 1&rshbysistypieslsituation whard Heelime stavep 451/0f Batgsigevent from a

TWB texil 8{[/(/3%@'31%&)2 ?rt:)%g glgt c%ﬁ)ﬁwmstﬁg Blri antﬁﬁrﬁroéﬂ%fagpﬁdé‘d) elent

reference to Fi g‘ure 16
1502. Asibthdedtdenslysibased eriThGd oblgPYRgosl B medﬁ'wgt'%n §ée§P€'FFh

range 1 ‘5@9 ﬁhrlﬁ@ f/_\@lcﬂ thB qbérﬁlc \r/H,n't gﬁlpﬁta haﬁﬁernu ﬁ\t H'\%ev@@& thﬂ&a@d\/in

nce hree s are , one fo

Figure 16\/&}311\/\( Elveamn HW)} Tb@@ar%'h'@nﬂé r150Rds 5’@&"% Pﬁ@echgn §Ige time
stamp 1%m E‘HW% %\8\80%. @ﬁﬂ%&;ﬁ‘ﬂo@ tsf'aﬁ gﬁﬁﬁ?l@&]ﬂﬁhﬁt@s of backward
search lisibEsangf 3 winnteseef fopward sparchdimit Hasl 44 “M“'Eesﬁt%{ﬂ%l 1p#0.
The deflﬁé(% s&%r@? iS sﬂ):h 1t fifi€ rlcﬁﬁ;t erﬁi(@ﬂtté cde& b falcRiaf Mideo event

res The three
1502. This rdmsmmmmé@cwde hgsed %@Xi@"ﬁﬂ%ﬁ"tb dhe denpt of the video

event. Fgfgétg &iég%lﬁél Qe @ard® VALY (e(ﬁfe I ol1&st i t§ U0enihGes long.

ows a search no wi th granmar that
all ows self-junp between noi se HW nodel s 1108. A

n e LA SHA RGO oo ot e
detection 4s eofiened] Iy BsipgravMechipg fearpipg é2.9¢ Nisidsa ?" %{9&' Q‘ﬂ@ )
approacﬂo\/\g‘%gl{tﬁ@'e%&lﬂ'\/{g;(&zl |i|1|6(g§ SA/VBsYreQﬁl ysRdisafetée® WithRPRBasearch
range 1508 determmed by text analysis on the text stream 1506, the AV and text
analysis results are aligned using a HMM based alignment method. The HMM based

alignment method will now be described.

With reference to Figure 16A, the HMM based alignment method begins by building a
search mode! with a “noise-event-noise” structure 1600 in A/V stream. Hence three HMM
models are built, one for the event (EventHMM ) 1602, one for the beginning noise
( NoiseHMM1) 1604 and one for the ending noise ( NoiseHMM?2) 1606. The features
used for HMMSs are subsets of A/V features, F, 404, F5 406, F4 408 and F5 410 (in Figure
4). Different events use different subset features. The three HMMs are concatenated



t he exanpl e enbodi nent, a sliding windowis applied on
the search range 1508 in Figure 15 to obtain three

WG egnerdgo where the portions before, under andPer/8&2006/000120
the sliding window are call ed "begi nni ng noi se
candi date", "event candi date" and "endi ng noi se
candi date", respectivel Yo The three segnents are sent
to the three HW Model s Tespectively. The three

robablllt scor es |ned f
acoordnG {8 rgRFRT JOUBTLIALE TBPSSBTRG. OF 11 AP s aaie
16A. Vvalues to "event candi date" according to the shot

count in the segnent, the event duration can then be
taken into consideration. Sliding the wi.ndow over the
Figure 16BOéH WA selrchangde! MaB8giamnFargihat all®ys a¢if-jupis Betwegn noise

HMM m&?ﬁ!s gﬁé&? d'i 3&% tg{hpe?}ﬁgcl ng I?mhl%r\]/%lg éfg]eg g%éé@%,ge‘g of ¥R MRl Based

I ned score
augnmewdqéthgdve the recogni zed event boundaries. This idea

is explained as follows: Let S~{s s2, , SN) denote
t he search range 1508 defined by text anal sis, and
The thrdeeHMXI todelre tisstdsienerdt ((Evehdﬁth 24662, 0mis8, ( NaigeldMM 1) (§04

o TSNS BTSSR i

the exarﬁblglérnﬂatoﬂﬁn?ﬂda @lnﬂhgﬂmgﬂ{&zwadrw baabe seartEln qange 1688 in Figure
respective in e a

15 to Obt?@glﬂﬁﬁ? ni?gﬁ'@P?eW g%l rlﬁ’af"é'%%‘?llr%%rg \%éﬁr can%ﬁgrs Héﬁg%’mg

window 448 caﬂ@@"‘ﬁ@guﬁkﬂh@@no&@%ﬁr@ﬁa@e” Senl’zbnt cahtiidpied sind| tending noise
artitions ar aust | ve eval uat.e on, xa

canciasyy el T ANGH: PrAT et e SRRt T REURAE docer

respectiVblyf aaé Lth%‘é f)rfobatblﬁil}lscor&oa’tameﬁnfromrwqh\eHMl\éd\ﬂwl Yarg| then

weightis RPN EY eSHgRRs Aol o ael Bl Caiodo&oring
to the sPot dBuhitdh tkdsegnignt, Qhé)aveérflﬁi);ratloh(qah thnHpe faken pr@):qnsxgzatlon

s K e B85t L BSeASOB R uf 5Rub rtons

of the sBASA eATRM 508 dah de'evulnteds amﬂ thebatres'thixt welde g‘mdnghes;\gomh@ed
noi se,se

X nl d X
score wil} giye W&dgg‘?ﬂ”ﬁ%d eg%%t&)?)gxpd%réﬁ ¢ gﬂ% 1&%2 fﬁ% asﬁollows
given to p(X e \Q) . Hence instead of Equatl on (19),

E 20 b h
Let S+ Bgasi-t b Soneid Iecipaedh Fﬁqge:@;g #eﬁn%@@%iﬁxiefé%@%% M pLX
t ]
be the Qgp'éféﬁ;é? gﬁq@gg%é’s %6}@ @ﬁe OUH d(%ﬁﬁ%%'dehS% th¥ ga?a[ﬁ%ters of
the begiag ﬁg.@@ %@\A Wodéﬂ@éh fd ﬁ%‘uké’ 16 %Mnt HiVaded &4 Flgyre 16 and
" ending noise HMM 1606 in Flgure 16 respectively.

To find the optimum partiton of S info “beginning noise candidate” S, “event
candidate” S, and “ending noise candidate” S,,,, all possible partitions are exhaustively
evaluated. For example, given a trial evaluating S, with M shots, the sequence of
features from S, S, and S,, are denoted as X, X, and X,, respectively. The

logarithm likelihood p(X) with respect to the three HMM Models expands as

p(X)=p(X10,,0,.0,,) (19)
= p(X,, 10,0+ (X, 0,)+p(%,310,)



by, dM = 1-(MM 212sl (21) 2p where M and se
represent the nmean and covari ance of the shot count.
wah®7wzd3wes M and se are found during traini ngPENEGHAF@00120
different values for different events. It is observed
that the desired event boundary is aligned with shot
boundary, hence there ondy exists |imted nunber of
possi bl e partitions that can be exhaustively eval uated
qui ckly. The one that yields the highest p(X) is the
opti mum partition and the "event candi date" boundary
In practice théthsee probabifityseprestare wejghtilyipembpinasdp sgngideifhe shot'count
boundary. 1t is.nqled t t t I
possessd 1) Feciverh e U8, rgBineDE Anhe ! ek Ly
' €5 il A oDl ' Ehi 7 H® Y.
do ot el QuisHing, fol? pSkpit“ERE Welhy 5 DRER & (PO D
Hence ifisledt] bfAuz@bA (19)EqUREbNEZD) givea bypi se HVWM Model s. A
self-junp structure inproves the performance of the
HW based al i gnnment net hod. Figure 18 provides an
exanpl&y 0 ,Qhﬁ Mt g)sggmgsGMtr1r ect to al
possi%?% %%??ﬁ§$%n§ g? lf"gr a "cgfﬁ" evgﬁ? (304 in
Figure 3). The suggested search range 1508 inFigure 15
. text, apalysis.is fir | d f Ad4d t o
is used 4 2481 g ggrity iR’ he W88 EBGRIC (e foiso
segmen$d ab t aAd dweerwle fio@e emphicaiBt ianel theolveight fanitietdvent segment,
1806 is the normalized probability p(X) . The optinum
G(M) , pari¢s adoordin@@8M sSpraificailyyF@d) immadelnd by &avgaiap ddpdel given
event boundary is fromvideo franme nunber 143366 to
by, 143915. The al gorithns, processes, procedures and
met hods described can be inplenented in a conputer
system 1900, schematically shown in Figure 19. The
Gu%yémeéur%qumyube I mpl enmen as software, such as a
onguyes program bei ng executed within the conputer
syst&m (whi ch can be a pal ntop, nobile phone, desktop
conmputer, laptop or the like) 1900, and instructing _
where §#h@in@STPEpREsehY Heafiedrdafd tovatianchuot the lsbonedunb drhef values M
exanpl e enbodi nent. The conputer system 1900 conpri ses
and o, aré foupdtderingtdining dridRve idiffenentvalies éor difterentaayeats.
keyboard 1904 and nouse 1906 and a plurality of output
devi ces such as a

It is observed that the desired event boundary is aligned with shot boundary, hence there
only exists limited number of possible partitions that can be exhaustively evaluated

quickly. The one that yields the highest p(X) is the optimum partition and the “event

candidate” boundary in this optimum partition is the detected event boundary.

ltis 'notéd that so far the three HMM Models have been combined using a scheme 1700
represented by Figure 17A. Similar to Figure 16B, the scheme 1700 in Figure 17A is
changed to the scheme 1702 in Figure 17B to allow self-jump between the noise HMM
Models. A selfjump structure improves the performance of the HMM based alignment
method.

Figure 18 provides an example of the probability scores with respect to all possible

partitions of S for a “card” event (304 in Figure 3). The suggested search range 1508 in



di splay 1908, and printer 1910. The conputer nodul e

1902 is connected to a conputer network 1912 via a
weuld7asaot r anscei ver device 1914, to enabl e aeCESE2106/000120

e.g. the Internet or other network systens such as

Local Area Network (LAN) or Wde Area Network (WAN).

The conputer nodul e 19022 n the exanpl e includes a

processor 1918, a Randon1ﬁccess Menory (RAM) 1920 and

: 1922. The ut er  nodul e .
Fioure T, 55 %6n B alsl Hatn R ke Bembrp 1780k lt o Rgyhe x axs
1802 andhy exdsatise, reprsseak tiapdtart bh@ dnatirméesspb8Rdkly 6 Isheand the z

di splay 1908 (or where the display is |ocated af a

axis 18QGigdhe npiwealized pyobabiity p(X) .i Thecodtinuen padiioh A80H® highlighted,
keyboard 1904. The copponents of the conputer nodul e
and the {EEABC e pud g R viey Teemiar Tty G i BB
1928 and in a manner known to the person skilled in
#) el evant art. The application programis typical

The aigbfnfs bfp@35ef Priediives Bbs Edharh Heacryd Cambegbplementsd

in a corgpuiedsybtem W00aseharhaticale sHeWh HMIFBUEN 195 The Prod¥dWrds may
il zi a correspondin

: device and read utili zi . 1di

bo impie SRR RS e i i 0B BRel bipardmiteifa gEeerdon i the

computg%&leﬁﬁ Iﬁwhh:ppj_aindit:i a pﬁln}ubpgmamlé ﬁhélﬁ@@e@{a%p%i%ﬁéﬂ, fbtop
: t he prqocessor .. Internmediate

or the k) 190D, & TS S e PRl ES e B e eandudiithg meiive of

the exampiembadinEEng. enbodi ments of the present invention
enabl e automati c event detection in |ive videos by
using multi-nodal (audio, video, text) analysis

The computansypien. 19BMctomprisds-ancataputeattidale YOO Gnpltenddules such

Si ' S nt.ageousl.y i.ncl ude text
as 2 kegBndiSidod R THOUE 1804 PN R PRYBIY it peiPemnsyen as a
- display 390& remdi pinkerfBI Q| ock detection and gane tine
recognition fromthe broadcast sports video, and text
and video alignment to automatically detect events and

The compter rmdule 1962 socordecteeistoi comgetes nefpaki fd10alih v slitdle
; . Le i nf.0 L O ly inproves the eyent
vansooif8 ook 81, EOLTBL AL o) Y Bl G, P notwor

systemsngitahaislodah Ares betwory (EAN) ar Add@Area Natvebrk fevANX t
anal ysi s al so enabl e extraction of semantics of the
detected events. Exanple enbodi nents ‘of the present

The corapuler emsiuts 1802 iic itk examgleaincludat e prddessisr 1918, a Random

Access Wt(kﬁxﬂ)l)l 1\92%65&65 Rlegﬁ d.k@‘?\ﬁer%l:&céﬁe&{)n? 1922. The computer
module 1902 also includes a number of Input/Output (/O) interfaces, for example /O
interface 1924 to the display 1908 (or where the display is located at a remote
location), and 1/O interface 1926 to the keyboard 1904.

The components of the computer module 1902 typically communicate via an
interconnected bus 1928 and in a manner known to the person skilled in the relevant
art.

The application program is typically supplied to the user of the computer system
1900 encoded on a data storage medium such as a CD-ROM or flash memory
device and read utilizing a corresponding data storage medium drive of a data
storage device 1930. The application program is read and controlied in its execution



recogni ze the gane tine in broadcast sports video and
uses a robust algorithmto align the detected text
we@no73sie h the video to identify the event bopes62006000120

Exanpl e i npl enentati ons of the present invention wll

now be described with reference to Figures 20 to 38.

Vi deo footage processingpgparticularly automatic video

processi ng, requires sone know edge of the content of
by the ries O 99 .  BRImEH AR HBrado oy Blarh QafPRRLBL copitd
using RANbHT needs sonme form of annotation of the footage.

In this way a personalised video sunmary nay be

generated that only includes events that neet one or
ExamD'%mé°@ment§r¢f dhe pPresgnt avertiomenapble auteratiy evsrd detestion in live
videos BMI@'ﬁiu‘it%b@Q @flidi8, VBES e« %"na%éstébl{rﬁ%d& %Yrgﬁ“rﬁultl-mo al

thin video footage. Video footage 2 e store
(audio, weq ded) dealysis {eehnigees @rvntagaossly dneleds text a@@lwamd event

detectiof t frotht WESRadifgt 1), Oédﬁﬁﬁnc( VidEd clHékd R 1eRN6h aé’rgi Yanld! time

step 2002, one or nore features and/ or tenporal
recognitjony gPWatth%nb@?@C%f(t sRigtsedideporangt teagndsyidgo alignment to

4 automatﬁ:bllw&étélét%@eﬁt@éhd hhe é@ﬁ%he%duﬁé&ﬁes‘ lﬁ vﬁe@@ Si¥fhicallyI®he use

e is tenporally annotated wt he features

0
of text l&??dma on SFﬁ?SVdWPWMeértﬁﬁt?V@ﬁt dﬁwcy,%@eg’em@n%m%rpd ywith

tradltlonéldm%ﬂ'ﬁﬂb BN akad @dVﬂ%éidﬂé@%ngnda(n@rthbet&f)raﬂbly&s also enable
rmation are anal ysed to determ ne infornmation

extfact'ogbﬁfuﬁenaﬁm%ro R getariath svaits: HrRpls @mbedingids ah the present

also emﬁmﬁlﬂ?ﬂc%nﬁﬁﬁb la@aﬁm@wmemoaa m@baiolrﬁw:c&@ﬁc!étéct\/thé’ %eoldibck and
|ca annot ati ons | ude t he

fecogn'Z&ftﬁaﬂaE\?etﬁ?e in e B‘F%%t/éPOfB? ViReR A0 HESH @ EaPuSh afaaEy iAo

the detedied téxtevaritinithah®videy Beidehtifp WeNévent Béuntaneg of the
event may al so be used as an annotation. For the

foll owi ng exanpl e i npl enmentations, football or soccer

-Examplenimplerhentati@ of theasteséntaiighon @iitrloaumddsicrivéd With fsference

.. a ated that other exanple inplenentations are not
to anur%sgﬁ{ s"{srl cted and may cover annotated video generally.

A user of sports video will typically have a

reference for ven ers or teans and/or a
Video iRalRge RIPSSSIG: Lf?aé‘%vafﬁfyﬁﬁtoa}aﬂevwﬂ?o PREESSHIIn giegluiser some

knowledgé radtiaé edntedtl entise lfdtﬂé%dm&ir dx@gphy, 6? T @ECRS gbMfaleCa video
el ecte t he .annot a oot age to generate
summary ", plest) T 1 (RB0R I3 \PHOFHE Tetifae, Joesay SORE! ol of
annotativn dethe feotdye. lartbisavayd Be&bh&IREE .video summary may be generated
- that only includes events that meet one or more criterion. .

Figure 20 exemplifies an example implementation of a method for classifying events
within video fdotage. Video footage 2000 may be stored or received live including three
different streams: structured text broadcast (STB), video and audio. In step 2002, one or
more features and/or temporal information are extracted from at least said structured text
broadcast stream. In step 2004, the footage is temporally annotated with the features
and/or temporal information. In step 2006, temporally adjacent annotated features and/or
temporal information are analysed to determine information about one or more events
-within said footage.



Figure 2 1 shows an exanple inplenentation of a nethod
for personalised video generation fromstored video
wo cwvars49 where t he footage has been annot at edPCT/BGENEP00120

2 102, the preferences are set for which events to
include. In step 2104, events that have annotations

that satisfy the set pregﬁrences are selected fromthe
stored vi deo footage. tep 2106, the sumary is
generated fromthe selected events. The net hods shown

An examme ppligadian 3 appeiatng spRLlF Ydea I spprs videge bisak ApNgiations

may inclufle mmh@ 8t arPBven MRE pRlybYort tBEM iAvIveRan BTN dnd i nature
in a sy stem as_ shown in Fi gure 22. Figure 22

or type %ftfdﬁﬂ%/ eﬁh%X%faﬂﬂ @ ﬁhﬁ;ﬁvs%wmserbeowseg 33/8p @npighon. For the

followmg ﬁﬂ@rﬁplegméﬂ%tﬁﬂﬁ\sgﬁf&lﬁa’iﬂ bNGoRRF SAN Vel GO 46 ARR- example,
f oot age @Fr ecei ved 3‘8 the input 2201. The

a“houg%m'lsh% apefe 'ar%&/thsteo bPXRE Iy E@§?€8n$ AffeBptROctepiricted

and mayRaBr airickaed Oideb @nstiathgo f oot age is separated and
provi ded correspondingly to a video processor 2202, an
audi o processor 2204 and an STB processor 2206, to

A user o Bperisatided Will tyHickaio héoetaéiﬂﬁerdﬁaé Ebrry\%%@&s BBf¢ams and/or a

r f t t fo
ot ot 5 i S A Db et ot
“preferended amay dvee 3ty ddisvted Xfednl the anhatatddd lfé‘dtége vibi gélnerate a

- incl u orith and/ or further agsi st
personalitgl WEE litosvor The TRORN: Mo adulihdRiepoargoriy ST8
streamst hen stored in a database in the permanent data store

2210. User preferences 2203 are al so received at the
i nput 2201. Video generation processor 2212 receives
Figure zheshpwefm e;xamleamdplemntatnbheofdat mbted foor pav@tdisedvivideo
ot ati ons .tha ferences The

generatif] AP HERAPyire astae. Siere o B BsB 1 Gen oo, oy St

2102, the rpréfhnenp@s; arersebfor dmm aleatsdo Alilef dn stept2041 @tantsethat have

annotagfi b RGBT roeRfet 4 el rofBBRRR figpoeotage.

In step Z:IOBbthaesdmmarynsagmerajdadafrmab@ssleasted)evmisrput er. In an
exanpl e inplenmentation, the content data is received
(step 2000 in Figure 20) as shown in Figure 23, as an

The  megibids sshopamir2 Fidiresa 201 ded it negnbe 3aployed mzﬂeaenmﬂamﬂy or in

+ combingfibh " e ey 168 SoliPihaS o G HHL AL aFERE T

Figure 28TB st ream nmay be created separately fromthe
vi deo/audi o streans or froma different source, but
may easily be integrated with the video and audio
- Figure 22 rshaws drorexample implementation of a system for indexing video and

‘generating personalised video. Video footage 2200 is received at the input 2201. The
content data may be stored or processed immediately. Each stream of the video footage
is separated and provided correspondingly to a video processor 2202, an audio
processor 2204 and an STB processor 2206, to annotate the video footage. Each
processor may interface with temporary data storage 2208 (for example, Random Access
‘Memory (RAM)) and permanent data store 2210 (for example, a hard disk), which
includes algorithms and/or further data to assist the classification of each event. The
annotated footage is then stored in a database in the permanent data store 2210.



processing. In order to facilitate annotation, a

framework is necessary. In an exanple inplenentation,
weawh/otf349 he streans of the footage i s anal ysePCESE2006/000120

"keywords" are extracted (step 2002 in Figure 20)

based on both spatial and tenporal features in each of

the streams. These featues are nmainly |owlevel

features of the three nmedia contents. For the video
ream

User prefeﬁgg‘ﬁgl 2t2|t02§re ﬁftg;{%(g%éﬁ"?égt th@ﬂpﬂg 52(2‘? L\?r@t%g %’éﬂe?atlﬁn processor
2212 reo‘erv@gaSe praderehceoarshstas tF@ udatabeseatamayeeﬁswé&mnrtqwons that

res may.incl ud
sty gl s et s RIBMIRY (PO, ormey e
stored inth€ gewiianent datafstire 28 fo(rLa?Pﬂ)retr@M@lrt time energy (ST),
spectral power (SP). For the STB steam the features
may i nclude extracted terns and their distributions.
Each prddessen ey thleather fesm df er sepesatp| peograEvRed digital,gignal processor

(DSP) ovggy g% I%lgwg%%ﬁrﬂgta's% le bl%%egsf& BREorhiter.S to its

the latter refers toits
variations al ong spatl al dinension, |ike horizontal
and, v tFeRk e&bsd 260BirskigaRN20) as
In an exgRiplp ﬁgot' %Jliec éctiﬁ‘% 8&.@% anaa Sravsdy O&?nc [ udi nb )

shown i Eigsiren 83t drxcan SXB streaax230e e videp wipant 2304 than ?Hﬂ'Oﬁﬁf@Hm

8tordd @Y offli
2008 TR AP VB AR ot iy s sl of
analysisst Thea&TB Hireakeyap becreated geparataly Hapdhe NH’&O(?HdtOh%f

from a d&? dérﬂ%‘b % gqu%%)ggalsi@ BY iR Wil thaVidebaht %ﬂdef&reams for

€0 s subjected to video anal ysis 2306
processingcl udi ng vi deo structural parsing into play, replay
and comerci al video segnents. Then one or nore "video

keywords" 2312 (VKW. are extracted fromthe vid .
In orderso fasiitata adnelatiorh jpdameterie nesAssasy-daAn| |eé6m8'ﬁt'mp*ef*ﬂbenta“°"

each of?llrﬁj%ﬁ)%asntié S?We%&?égéﬁ é%s@@ taad Réymﬂir'ﬂg GréRRIryGed (52&98002

es aud evel analty3| sS. Then

in Figurs 20)basadeymbeth spatied and tampyrabieatusss inRach d’? S%?H ‘G‘r”‘l‘?bS - These
featuresilé{‘g' lﬂa@é/rl&ﬂ@ve%ﬁjré@gf KB XNRE Bedid Bor¥hts AEdraHe videe stream,

altgned in tine for each stream

the featpre}ymay lﬂ@égﬁ eglourEchintanstties RisiegEaRS. L8R, paqr?'@ﬁéﬁ% phkey
frames Eﬁ{f SRieB! st F Bk él{i}ﬁo Iéﬁ'¥éﬂﬁr the- fe’é{‘éfe% KM? ﬂ’fdﬁjdeelf/lerfréquency

I ons at are t

ing place urlﬁg 6%99% Eor
Cepstral @eﬁmts VMEGEY forp Goesiag Rpterd PR | @" & C'Of‘rcé’@ icien
(LPC), EhdtK timSOLredy (S BK spdctidt paweh (SF9! | ForchE BTB steam, the features

may include extracted terms and their distributions.

The video features, for example, have two axes: temporal and spatial, the former refers
to its variations along time, the latter refers to its variations along spatial dimension, like

horizontal and vertical positions. -

For example, the STB stream 2300 is subjected to STB analysis 2310 including parsing
the text to exiract key event information such as who, what where and when. Then one or.
more “play keywords” 2316 (PKW) are extracted from the STB stream. The keywords are
defined depending on the type of footage and the requirements of annotation.



etc.; events for tennis gane include serve, deuce,

etc. Each replay may then be classified 2320, for
wex@mprs4by identifying who features in each eREN$G2006/000120

when each event occurred, what happened and where each

event occurred. The semantically annotated video

footage may then be storgd in a database 2322. STB

Anal ysis STB al | ows easier parsing of information that

The wd%gsis}lbe:e}%i &%QEP L %@8@8' Widdl Sﬁ'acli/é@ 2806 iniEing VdR6tdtNRtural

ars transcr ons of conmentary.
parsing Nmi péely, Gqﬂapmdrgommyrcmw@epo?ﬂy"ﬁﬁfﬁ ehass onegy pere “video

keyword 2%{?” Q;Migreaggt {Fﬁé( S\‘r@?éﬁﬂgg%&e%' SRS aRB Fbjech tietRdn is

Ines to make it very
carried atit.f ficult to reliably extract meaningful information
about events fromthe commentary. Prior art Natural
Language Parsing (NLP) techni ques have been used
The audiarstreamuiV4 isasithiedtest i eudineanalysis, 28Rf% ind Ml&ﬁe'

analysis; ‘Irﬁhé]{ érc‘fg BPR%Fé‘“émgéWdré@' g i (RKA) Gré %Wacﬂé@ﬁbﬁ‘ﬁﬁe audio

accur ac ef fectiveness. An exanple of an
stream. STB streami s Sports Wb casting Text (SW). Sports
ganme annotators nmanually create SW in real -ti me, and
the SWI' stream i s broadcast on the | ntgrnet
Once the tkeyerds @ ewixactethdhe kewards By e aligped i timg for %ﬁclh stream

2318. ﬁlQ?é SreQ.%”En#\'Elt/%?tf&ét@étan%rM ééw:udﬁﬂrazmgT kukesqjlédev\ssmg the

action ormati on such as
keywordsy diiere avestsplefgrdp aghonselhat Pfr"‘r‘vfék'{?@d’ Ei“‘ﬁ ‘ﬁtﬁ@geﬁ%’ﬂﬁ 98mgs- For
mstancé ré%eﬂl@thf Soer QYRR REIUGY gﬂél fré¥ RickakbmeSKIER! @diched; yellow-

ormati on on action and associ ate ayers tearrs

card, efap pwemﬁ it tengis AsS, ingluda e CPHEP: £19-| ERANgRRigY Tagyrthen be
classufledC%Z@V‘ﬁr éﬁarﬁéfeaf%] lbéﬁtﬁ\ﬂné ivho GatiRs \h BACH mﬂt awhdri each event

ur.e shows the st tu f

occured apRARGE: o1 WS S PEL SoPETe TP AT ORa e Ripted

video fotoré%_ 8HBeSdrBY fh a batBb&R) 4321 el ating to action
taking p acelnthefootage This allows the

inforrmt|on to be parsed nore easily and nore reliably

STB AbR@R in the prior art. The SWI stream consists of a
——T;é%”ence of action description tokens (ADT) 2400.
Current commercially available SW typically delivers

STB allﬁrw\%/ giag’ieﬁpg—r%ﬁ\b deformdlioh ehatepras Icﬁmpomtlblhuilyanmnsdve gnd more

s each m nut The, PKW,
aecivp aoupet b Pushe FrsEIgS s TS (oG, Gritiafbay

have long sentences, may. be unstructured and may involve opinions and/or informal
language.. All of this combines to make it very difficult to reliably extract meaningful
information about events from the commentary. Prior art Natural Language Parsing
(NLP) techniques have been used fo parse such transcribed commentary, but this has
proven highly computationally. intensive and only provides limited accuracy and

effectiveness.

An example ef an STB stream is Sports Web casting Text (SWT). Sports game
" annotators manually create SWT in real-time, and the SWT stream is broadcast on the
Internet. SWT is structured text that describes all the actions of sports game with
relatively low delay. This allows extraction of information such as the time of an event,

the player or team involved in the event and the nature or type of event. Typically SWT



classify each event. In order to anal yse the SW' and

generate the PKWover the whole footage (2316 in
wWo-e@ane332B), the ganme introduction 2410 is firBCT/pEIO&000120

to obtain general information and then each of the

ADTs 2400 are parsed to get tenporal information

relating to events within the footage. Exanples of

par si ng i ncl ude processi‘%b of stop words, stens and

synonyns on the SWI stream The, PKW nma

provides difarration et agjipaANE AERNARIRS Hkayefﬁﬁeﬁivﬁa?*é%@a & 8"%?’5‘?“‘56
200 is extracted and stored in the Sport
dunngaﬁ\%é\mds Dat abase (SKDB) 2502, including a set of

sports event and teans. The dynami c part 2504,
SWT folio%'éﬂjéagb@h@u Qftrictuné NEH @Qdaﬁﬁmetﬁamps dFigura Heshawsethe

I ength of the so _stored
sircturepi0en eFABPIS, TR SUEALAAnE2Ph GFIIEEES 5 PBIGe]Y TR e fhe
Ianguag&gl:ndfé" &% cHRCRIARY th Acher BRIhgi piace infthe fodtage Tigs Bltaws the
me- Ti me- St %%%506 P %etﬁl Tea[qe %%SaQE’The SWT

mformatlg{)éﬁtbq pareed more, §gst morg rglia
stream E&Hé&élmf QYS@ﬁheﬁééé lrcﬁcéd:ttmh pesdriptiore dolamst ADPKRAGY.e Current

W ndow_o | xe e t
commernby s S GO S ALt REpE YenBRd on o
activity [idhédthaminutee W ndow (ADTvv) are processed to extract

pl ayer keywords and associ ated event keywords. For

soccer or football an exanple wi ndow of 2 m nutes may
The PK\Neeﬂ@@féd fedrR e BYT eyl be esechtoddentify evants end inedy beyeert to

% ?nger duration than 1 m nute.As shown in Figure
C'ass'fVE #¥8lstatic part 2600 of the play keyword e.g. the

nams of the game, venue, teans, players from each

team . and r ees, etc e t 16 i
i onte SRR ST it DY A SR bl oo i
Figure Zﬁotﬁe @an’(dlﬁtraﬂwqtloh aﬁwo rigl firsh patsed étxtob’@m eﬁhﬁwle'ﬂfol' ation and

{
e oo o SRR 1 1 ol A B PGSR Yogiy Db
within tH\eS Qio‘rvé@d Exaaiples. oﬁﬁparsagnncludé:pmgeesuzg ofstapywardsf stgms and

¢ se an event of free-kick 2702, which in
§ynonyr{\§,pﬂ hr{r%% re lﬁa{n in a goal 2704. Know edge of such

inter-relations may assist in segnenting events with

cural e t | n FrgUr8®i5Y tHY static part
The PK@&BW COpRP n@ gaéugsaﬁ%s%ah?csg&%o \Qgg? Rs orts }éven P
2500 isRRiracted an¥isthred AnthleySpast Keywords Database (SKDB) 2502, including a
set of sports event and teams. The dynamic part 2504, including players’ names and

.events, is extracted over the length of the game and also stored in the SKDB 2502.

The dynamic component includes parsing over each ADT unit. Each ADT is parsed into -
the following four items: Game-Time-Stamp 2506; Player/Team-ID 2508; Event-ID 2510;
and Score-value 2512. That will be followed by an extraction performed on the PKW over
a window of a fixed length, to extract the true sports event type and the associated
player. Parsed ADTs within a time window (ADTw) are processed to extract player
keywords and associated event keywords. For soccer or football an example window of 2
minutes may be used, since typically each soccer or football event has a longer duration

than 1 minute.



Dependi ng on the [ evel of event granularity or
tenporal resolution required the VKWmay be used to
w0 eoovkeas4g ef i ne the i ndexed | ocation and the | PCES€ZH06/000120
boundaries in the footage used to represent the event.
For exanple the event may be detected using just the
PKW resulting in an eve§ wi ndow of about 1 m nute.
If the event is first id ﬁtlfled usi ng the PKW the

VKW b ed to refin event wi ndow tg a nu
o showth iy Fiire 35; D6 stad: bark 250 &7 e HGy iHauvarvg-ot e BTBR(F the
game, vﬁﬁue heamegm@@as fr@mteﬁa%h {t@eﬂh ae/nfd( ?Ldr@@@bt&m &Mrab{w at the
roduc ector) o e eye
beginnin e BORipgata e SEP B2 TR S RS KPS T
extracted\ovet thealuratiohiof thevgdnié.n vi deo stream and the STB
stream Video analysis (2312 in Figure 23) nmay involve

vi deo shot parsing as shown in Figure 28 and/ or VKW
In sporting fautddeoeverits by eet intatdapehdentdastedwi bdind-icgtsiderd8. as

. Th [ hot t ti .
solated Sty RS S irahThay BieLGut ST A Rk ek
2702, whivh ievient may mesutieinf @ goah2704vikthewlaiget of puch iingr-rektivns afay

hef ot gge es_of . video se nts S) .
assiot i Sl Sreie Wil taekliet I eolais B G anbialy or
query. ThBODpcessi$ egdlesle:@nmxt spB@enipayingi deo segments (PVS)

2804 and break video segnents (BVS) 2806. The

commercial segnents 2800 are detected using a
Video Agalysier ci al detection al gorithm 2808. The repl ay

segnments 2802 are detected using a replay detection

al gorithm 2810. The PVS 2804 andBVS 2806 are detected
Dependingiangtha Igvehgf-dveptgradetastytdardempdrgbresolbtion tequired thet VKW may

be usedﬁ?qgﬁlf%rrgféﬂ;ﬁ%e%&exgh %cra‘nBR dtﬂSPe El kjesdelgdunfjgréese{f*catn‘g Ifodtage

S are-req U|re extrac
used to mapirgsenh therwhhfoabmplehlm e\zent ewuheeidatedtm\awg jushthe PKW,

resultm%'5 %S&’? %}/&%3980\9 TPL8 l?d’l Bﬁﬁtﬁe gﬁ [PI%; g |§ ﬁrsi)rflc}enﬁﬁéd ﬁ@ux% fhe

€0 segen romt
PKW, thaa V&Whmmbal uaﬁdttea'eiumwtmal gent wm«iDWstoch Hn;lbb%drtempenod. For

S
example[iihd theVRNE T Bl B0 gt 1o 6 SRR o6 y the
human mpdestiop siirastet)@f theapventiwitiin the foefagre t he process

including the average cut frane distance, cut rate,
changes in the average cut franme di stance, the absence
The VKGf may |adsgobe Bsesbimsmnehranisgriggthetavyeet hteindati¢sowithibrided stream
andthe%?@‘s‘str%%hec“ on, a series of black franes preceding a
cut rate, simlar franmes |ocated within a
speC|f|ed period of time before a

Video analysis (2312 in Figure 23) may involve video shot parsing as shown in Figure 28
and/or VKW extraction and object detection as shown in Figure 29. The video shot
parsing and/or VKW exiraction and object detection may be used to refine the indexing of
the events in the footage.

Video shot parsing involves parsing the footage into types of video segments (VS).
Figure 28 shows extraction into commercial segments 2800, replay segments 2802; play
video segments (PVS) 2804 and break video segments (BVS) 2806. The commercial
segments 2800 are detected using a commercial detection algorithm 2808. The replay
segments 2802 are detected using a replay detection algorithm 2810. The PVS 2804 and



frame being anal yzed and character detection. An
exanple of a replay detection algorithmis disclosed

WO pooopssper by L.Y. Duan, M Xu, Q Tian, CS XeCT/SG2006/000120
entitled "Mean shift based vi deo segnent

representation and applications to replay detection”,
published in I ClP2004,. Sihgapore. Replay segnents are
det ected from sports video, based on nean-shift based

ove oo S5 EIET ) R OB BRI, R Rl o
algonthnfsptb b@«mml Eoicedaaiples ifamty reply®are negyirdsbtote ¢>1trzgt¢df then only

r Sub uent
e repie A SRR SIS RGN B Bl g pnced o
extract adip §ieadf v(ﬂwragtrmntssftunmﬁ\edboiage replay | ogos. An
exanpl e of a play-break detection algorithmi s
disclosed in a paper by L. Xie, S.-F. Chang
An exankbly alf & aomarecidl. deSentioneaigarithra ds "ditolased Lin éJ'Nfﬁdl §t§te§ fBatent

I
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Other pAcmztéisc areSpeet Ho amriineSitiyn airodess claeludling , the | ayessge zgbfpme
dlstancerrgymge chghg?suﬁﬁh? B, raé% chtfi (/anﬁgql?s aree M Basede ﬁ?bh@gﬁ) a

pe—use egnénts (PVS
commeraiat] s&mkeVddegtlcﬁegmsml srrqn&/s)et@cs@e, DEaiipraraf |6P'b Jfames

precedmrﬁ;g%j é@h{%&grég;s'tlr@%r 'f@ggﬁ%éa)lecﬁ/gr}xﬁ‘ 28Pebifledpdiidd oTRHR tefdre a

_ : state the gane has a
frame baihg ahalytédcanst chacadieredetentioni s nodel led with a set of

hi dden Markov nodels. Finally, standard dynam c

progranmi ng technigues are used to obtain the maxi rTB(
An exarpli of aitepldy detgetion algerdhmds displosediifea PARY RHe Yt Witan, M. Xu,

Q. Tlans t @'SeS%do‘sﬁﬁﬁ'{@ﬂmMé‘arF | S gagggd afities SgnteMiMRpfdsdhtation and

ave been renov. E’O”S vi deo seg{ments

appl|cat|0ns ltadeplgy sletegtion”e aublished iy IGIEgRHt SingRRAre-h EeRiaycLRImants
are det%c(?ec? ﬁbpﬁgﬁoﬁ\é%eo tbtége@ BF\ LiﬁééH §hifThaddd GRed 2RgAEnRAMOH Rthere

sports ga rules for the VKWextraction
both spatml athidf bmp@rﬂl fs@gquSareﬂi&eraﬁ do sharasterize videe sesAttigEor

exampld Q{J}J@Q@S&dzr%& d& rﬂ\kﬁf)@ uﬁifz%d %r d@ASEnd. %B%q@éﬁﬂ;s pé}fameters of

g first type has a length of o £a
these clubters cam essad te 991@011 Py rehusily é@%%@tof \ﬁﬁﬁﬁ'ﬁ' ¢ f?Cé%f? ios

oftherégjlééﬂ video shot. Finally a third type is a
er-video shot that covers nore than one video shot.

An exanmpl e of a sub-video shot woul d be where one
An exa?ﬁg%egsé E%E’ -Hrédk Q&e&%fﬁéoﬂtﬁrﬂgs disepsedimg pap¥eb@lL. Xie, S.-F.
Chang, d¥. ﬂl;vai@ramgt?gﬁr gurﬁJ aer:]rt}ldg “Structur;e %?1&3&2 o? %togceqeofr ?oo%balla\?geo
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) 2804 and Break
Video Segments (BVS) 2806. Dominant colour ratio and motion intensity are used in a
HMM models to model two states. Each state of the game has a stochastic structure that
is modelled with a set of hidden Markov models. Finally, standard dynamic programming
techniques are used fo obtain the maximum likelihood segmentation of the game into the

two states.



team in for exanple basketball or football. In these
situations it's better to segnent these | ong video

W@ bwr®733mt 0 sub-shots so that each sub-shot deBCTBEGBE®6/000120
either a defence or an offence. Simlarly, a
super-vi deo shot relates to where nore than one video
shot can better describe 36 gi ven sports event. For
i nstance in tennls Vi deo each serve starts with a

As showg‘\ép\;g‘J mur%'@ arﬁga &{jﬁqﬁr@g\, 12 s?gﬁﬁ’er{t? hﬁyeeeg%ﬁ Ebgnct\féﬁ %Ports video
segmentél Mud"ﬁgepslei/breekﬂré}ﬂaym@gmmnts wilhbe arod@eserb’wbﬁm@ét VKWMs, the

structurespfe ﬁhlgh 38888 lggaa%&y élgsr 2 en?ﬁﬁ%ﬁﬁ%’aﬁfor gHee\\/llé\ﬁd extraction

for differea dposte typesgre §tmeecpndb@kl$owiédgetﬂa§abﬁa$| AJ2VKW types is
now described. In step 2900, intra video shot features
(colour, notion, shot length, etc.) are analyzed. In

There agd aueaﬂaareerwpleﬁ of Méecekeyﬂmdsu rfefiegt typethasras leagi of one video

shot. A %ro]égttyn%q%‘ taosu%e\;l Iﬁ%&édé 3N %Cf{ne&*éjvride&%r "Flr%ﬂ;‘ﬂa third

iCons. etermnation is nade
type is easupEGVIdbetshetrthaWstso“nOlbetb@UOM vdep Restwor ds shoul d be

consi dered. Sub-shot video keywords can be identified
and refined through step 2900, step 2902 and step
An exarBpledof Sisubivideoyshwd el hetwmrqemek‘émlsh@t egnebe rather long,
includin gg\ggrélfﬂogﬁj?é & & = uaéggﬁn ﬁ%v@r@%oﬁ?ﬁ@f@hb&ah@bﬁerﬁ:@%ra

sev deo shots. In st
team, inX@0&araple bdsi@tb@wdwtb@il astbes@ situglighs &'s beter *iOrﬁ?etnent these

long Vld\é dsg18¥s AR é%&@ %/tﬁé{%%ﬁh $hRlshbd&s cAbeS Eitir a defence or an

ned ny supervised classifiers can be
offenceused, such as neural networks (NN), supporting vector
machine (SVM.In step 2910, various types of object
detection can be used to further annotate these video
Similarik.eg veopesyidea chatiirelates de ceherp anprepthanogag yjdeo shot can better

descnb% oaaé@rlr'tsport@%@eﬁ’tt REF iddRRE!ANEnhi@ N IEh sERieSstahs it a

ecrsion in synchronising events between the
mediume vibwank th%nladﬁ!awbpelscﬂre%}r@cford?eﬁé'a’?t dhej megiyny view is then

followec?| ﬁtg%hﬂ v@j}tﬁnﬁ%\‘é thd n@dﬂ}r'ﬁ Qiewoani BE Eonmiéd wite ﬂieﬂ@ﬂbwmg

soccer or football may be hlghly dlstor
court vigwdo tope rempantie #8tra sinpleciidag krywerd ko wpeesenhHiF ‘M'@O'%F"e“t of
tm"sa%@& bal I s, and caneras' view changes, and occl usi ons
players etc. Two nmethods may be used in
conbination to detect the ball trajectory to avoid

The prcgﬂegé Bf Hét%@'gig 6%WI%W5typé;§ & Sow dedfibbd. QAR F2G®S irftvideo shot
el Tm nating non-ball shape
~ features (colour, motion, shot length, etc.) are analyzed. In step 2902, middle level

feature detections are performed to detect sports field region, camera and- object
motions. In step 2904, 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 2900, step 2902 and step 2904. Similarly super-shot video keywords are
identified in step 2906 so that one semantic unit can be formed to include several video
shots.

In step 2908, a video keyword classifier parses the input video shot/sub-shot/super-shot
into a set of predefined VKWSs. Many supervised classifiers can be used, such as neural
networks (NN), supporting vector machine (SVM).



obj ects. Secondly, the ball trajectory 3502 is
estimated in the tenporal domain. In this way, any
W@2p3/0m34%i deo shots m ssing the ball, which neyT/B&2006/000120

caused by occlusion or ball being too small, can be
conmpensate for. A further exanple of object detection
i s goal nouth |ocation. T process is shown in Figures
36 in which step 3600 enconpasses the sports field
bei ng detected by isolating the dom nant green
regions. In step 3602, a Hough Transformbased |ine

In step 2Bt0echtiows iy@e@@lffobfemsedemtlamears berussdftp gudherr amotate these

video kq?{é/?)&sf’ ?r&ﬁ.lqlrcyogé%‘%[)!b% §r f&tggl edé)%kng%@ﬁ' Iyl ?fhbp thportant land
marks. Thsdlpesthighar récistdreinesginatimdnising svenis Be&entibe sreansl
goal -bar are isolated, by col our-based region
(pole)-growing. In step 3610, post-processing is used
An exarrtpne dedtgedt dbtwubm:saiauziebbogoralmwnﬂn Gigure 85, in fyrical footage

R

speed n’de‘@(ﬁdhbchahsiaHnde@m&rais hdew gbanggs. aséacelysipeppeplayrrs. etc.
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oundar i es W di o stream and
problemst [Frsily, billgvariGies ranevsdettmed)r'@@@sby ahmmﬂnéxmqra'aa'ﬁ ghape

objects. d&(%}sﬁdl N tgaLI'Irt?a &t fﬁ@@ IS %%’u vﬁdoinscﬁé Q&ﬂbor&h@orﬁ&w \rSthis

as a se nen ere can observe the
way, anp gepeacddes sty erissing-thadedswiich swyriescansed b geelpgipn or ball
belngto "n(gant@ ?1 fe@pal ysis of sports events. For
ahce, The excited or pl ain voi ce pitches of the

connentator s speech or the sounds of the audience,

A furthet(?teg(gﬂﬁg 3 ?16 oﬁ@gt' GAbLOER Qfgd%ﬂn&)fﬁ Nbcatibh. THe YRIctss $E€ERbwN in

ese specl a sounds- robustly to assocl at e

Figures\@i6tih whighystap 36p0 engorémpg twpsrorisyialg paingdpjecigddby isolating
the donklhac'r&eﬁe@r? lr%é()nsAlﬁY\% JPY60, tahﬁbu@?T%ﬁ'Bﬁfrﬂnooa%éd SiRerdetection is

udlo Keywords Pl ain Comre
performspsm: the ER@iSt éeldcogaein stedr 3%6‘29@r3q3'9’3?h Pl&Y df dfeéq%@élentatlon

detectuoﬁ%&%ﬁar %@T;ﬁg@b@ %ﬁlépﬂaﬁﬁo@%?é Rof&s bhd Gn Atepi 3508,
I'n Basketball and Soccer or
honzontabgpalabar are lsolated y colour-based region (pole)-growing. In step 3610,

post-processing is used to detect the localized goalmouth from the input video.

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 stream.

Figure 30 shows the process of AKW extraction (2314 in Figure 23) 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

_sounds of the audience, etc may be indicative of an event. It is very useful to detect
these special sounds robustly to associate with varying sports events.



Hitting Ball in Tennis Low | evel features 3000 that
may be used for AKWextraction include Mel frequency
w@esnraho Coefficients (MFCC), Zero Crossi ng RatESG2006/000120
(ZCR), linear prediction coefficient (LPC), short tine
energy (ST), spectral power (SP), and Cepstral
coefficients (CC), etc. TQe audi o data is sanpled from
the audio streamat a 443. KHz sanple rate, stereo
channels and 16 bits per sanple. The MFCC features nay
be conputed fromthe FFT power coefficients of the
Some e@%@ARW@areﬁstba iR AW DaaY eppsshd ddniefic obsdftsfdpetieic.s
he power coefficients. The filter bank consists of
K—19 triangular filters. They have a constant
Genencmbbﬁ(%ﬁﬁ,{:y interval, and cover the frequency range

20050 Hz. The Zero crossing rate may be used
. H“'Qﬂ* C&ﬁﬂﬂwﬁ@r§Pe?f‘é‘rroWoand signal s, although nost

. %Hﬁé@céhg{gﬁka%,r@éebﬁcl ude both narrowband and
oadband conponents. Zero crossings may al so be used

. Hlainauételnﬁ@§p§lhﬂsoetween appl ause and comment ati ng.

. {?&théigﬁcecé fiers 3002 can be used for AKW
raction such as nulti-class support vector machine
(SVI\/D deci sion tree and hi dden Markov nodel (HW).

L ER ofds€- determ ned AKW sanpl es are prepared
Domam?ﬁ@@ u@assp\gl ers can be trained over the training

« Whistiihe i Baskethali@ndiSeegercifoptballest ed over testing data
1§ e eval uation. Tinme alignnent Cross-nedia
fpgRREPTIES v

8 in Figure 23) using tine-stanps
enbedded in the sports video/audio and STB streans nay

Low IerIefea ) tl"i'%l #\Q‘f Y dgeﬂgfop‘ki@@‘éhrﬁ&tfoﬁaﬂblﬁﬁéf Mlé'!tfréa%ency

on| sed nativel machi ne | earni ng nmeth
Cepstrals@oafraentaMME@@) t;@r@@rqssnag .l?@v@s (8RR lvear eeedichar, coefﬁc'ent

(LPC), éﬁggctul?nsé en 2&}' ) %Be&%ﬁ Bwkr ?g? drd @é%sﬁil%o@ﬁ Bich@X(CT), etc.

as dSCI‘I above wth reference to
The audi giatais a@npled I@m theagedio stream ahd 4veHzganRle irgls. pereo

pendi ng on the application, to detect
channelgg}ﬂdflg b\#?ﬁﬁawﬂg f oot age, and annotate the footage

with this additional information. In a first exanple,

The MF&@EE&H@J ﬁia)g?é C6mpBLtel FoRPe Y b&/vé?"cgléff BieRRR Ak 2R data.

A triangular band pass filter bank filters the power coefficients. The filter bank consnsts 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 3002 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 trained over the
training samples, and then they can be tested over testing data for performance

evaluation.



anal yzing the STB stream The PKWextracted fromthe

STB streamis used to detect events. The associ ation
wheiorers4e he PKWand an event is based on PCT/SG2006/000120
know edge-based rules. In Figure 23, rules are stored
in the know edge dat abase 2324. For exanple PKW such
as goal or foul in the ?\éﬁ' provides a tine stanp for
an event. Then the boundaries of the event are
detected using the VKWand AKW and the streans

roni sed. The player and teaminvolved in each

event are determ ned based on an anal ysis of the
surroundi ng,, P C
Cross-medie ASRTER BabA beEn 25, faids R afips RBRUS-CTene cpors
video/au&idAd STB sthearhd my bexamureel as e timingaf eaplabiyedng may not be
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make suEﬁ%Brr@étldnb ewheh||§ly5efulstotdmenectam}oddamthea$f£5 taxts. ddpej yseof

Var i ous to anal yse the

HMM IS%@%”E?‘?@% i) rfg%%cfedttgé i% ?% e\lljoztrﬁ‘?s For exanpl e
wi th machi ne | earni ng net hods such as neural networks,

Plaver 'ISU orting.vector machi nes, and hi dden markov nodel s,

ect events in this configuration. As
seen in Fi gure 37, the footage is stored in the

it may bg?}.tg%g‘? eé)gn |Hg|oﬁ Otw. a%@ﬁl‘%ttl&tn ad- deldtt @SR Wihth hEIf6dESe, and

St'ream 3710, vi deo stream
annotats3theGostage aithlittds addl‘ermal pfgmati?e. we can see that PKW
3712 fromthe STB are tine stanped at eachm nute 3740
whil e VKW 3722 and AKW 3732 are i ndexed at seconds %ﬂ)
In a firsthéxahipte evants armdeteotat {steMRPAINsTigesmd auh2HE p Gigsee y
et or V. S W@%ed to detect
analyzmgetﬂgé]leé ﬁ{re%rp a@é‘% ?R%V %Qf?éét&@? ANtheSSTH sﬁéarﬁ

i catlon, personal | zed UMTBLY | ed
events. Bas edsadiatidnebateeen MPWamm é‘i* |9(V9ntdf’ based e lﬂ‘ﬁw ge-base

Of6redi ﬂté@ﬁé@&ﬂnF&eexa PKW
s, iU GHL PAPF e Biefindei sipmmenma Cotuaee
such as@dahelffouhn s*.lquWTcprowde&; a tlmﬁammfor %g\feﬁ, Then the boundanes

k | Q. th
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Fi gure 23) within the footage, and annotate the

The plaéj% %%C%%Sﬁq ihlo v&:i N eaa@ﬁ NEQNRE defrRidBtha2Bd oRem @nalysis of the

assitication Is described in detail in
surroundingePKWect | ons. Thus the indexing and classification
of replays sinply forms another Ievel of semantic

annot ati on of the footage once stored in the Rat abase.
In a second example, events are identified based on the video stream. As one possible

Time ali

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 37, the footage is stored in the database once fully annotated. Three
parsed streams are stored including STB stream 3710, video stream 3720 and audio .
stream 3730. As we can see that PKW 3712 from the STB are time stamped at each



Generation of personalised video summary According to

a first exanple inplenentation, Figure 3 1 shows
w@eocehises of personalized video sunmary baseRCT8G2006/000120

| arge content collections with nultiple ganes of nmany

tournaments. In step 3100, users give their

preferences on their desgjyed video summary, possibly

including pl ayers, teans or specific sports events,

minute 37@@% g/kw ﬁgg% %ﬁé 'At 35 %pec‘iﬁd%k%@ a{ ééﬂfongg %n& ‘?ﬁlfﬂéeconds

intervals. Ufhré’&,(\étreal}nutca@ahrs]e msedctegmthérl fod voHeLs amilcatt.@]sSsucmﬂmfsvent
3104,., the

detection,, glfag:ﬂg jof, arid e%erg%rgagggé Ql%rgﬁlntaﬁg %Ig%éd ¥h Wreﬁgﬁ‘éc?@%nulanty of

particulat &sHitations; ores oo di thgegystraams crpbe g@e}ﬁefm genqrﬁ oy @fpummary

video. Trﬁ;l/%gg PtFE"e eﬁ 2l tlﬁ ge&@%@ 3k g]r ﬁ%rgllé'l efined based on a

eng erences. In step 3108,
t he video sunnary is generated. For instance, a video
Repl ;g%%gﬁr%‘pf all the goals by the football star David
epa can be created by identifying all games for
this year, and then identifying all replays associ ated

It may als?]tbe JEBX %e@%ﬁ&HQ%QHQ aééltc%ﬁ&ﬁ ne d‘éhﬁ:@ Sndl @I&%Qﬁy&ebla?é (2320

volve d he ab ove crea
* in Figures2@ywwithin tbafpdmer. @hﬂ aegotele the mgawfg tdW%'@%@P”
: wher e boundari es of video/audi o segnents can be

adj usted based on boundaries of VKW 3820 and AKW_}%h Both
Replay detettoadansf clesifi¢atignde derwiitsglio ¢aipl inpthen sgaliags. - Thus the

mdexmggén%h&iéésﬁfhm%f R%?)‘fayg‘ é}Hb@ forMRC BhdtRed 18361 Hf RemMAhEBO AMAdIaON

neur al networ ks or supporting
ofthefovbgeoncerafol’ﬁd'ieéhed%iﬁb?ﬁ@rformthe boundary adj ust nent.
According to a second exanpl e inplenentation, Figure
32 shovvs how a_video sunmary m ght be generated from
g ] nalised videorssimmaido using a text sumary of the
gams A typ| cal text summary of a sports game consi sts
of around 100 words, including nanmes of S1hearrs

According toh@ dieste examaleniighiemgntations FFigwegte. PY"FSPT%?@%WSS of

personeﬁlféfnI vuﬁé@%ﬁ%arf%g&d 8n lﬁﬂgé Rdnfefit BolIREtISIRSWith Ardtiplngamed of
fant action itens

identified wt h‘?ﬁ X d video
many tqurla@mrﬁs lacsten i 08nysers give thi¥dPrtiencesY iigdesired Vi
summa&aﬁeés'ilw‘ﬁ\klulj E;‘}flé%‘i’é QBaris eh specifid %n@fevéﬁle aed passible other.

| t
usage congiinekeribnéaisl loodih e Tl CUPYUIELR o, In 9P BEE. AR Pr I

input ce{?x%@ﬁeh%d @%d%ﬁ ﬁéé?g’ iRp@d W@@p&ﬂ@ueﬂ@%r@fated sports video
- st anped that describe actio t aki n
contentidatabage @@ﬁ@e@a‘#ﬁéﬂg fiecsab o6 RV iniivi g oateop e?%%‘*ﬁ‘@o"""“

video s8iHlerdb] ANGEh 164) th8Relci8%Begments are refined based on a preferred
length or other preferences. In step 3108, 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 38 shows the above created summary can be refined by using VKW 3820 and
AKW 3830 where boundaries of video/audio segments can be adjusted based on
boundaries of VKW 3820 and AKW 3830 instead of relying on PKW 3810 only which has



stream and audi o stream and the annotated video is
stored in a database 3206. The preferences fromthe

WO eoor/053mnary are then used to sel ect 3204 whi PCT/6GEN6/800120
to include (step 2102 in Figure 21) by searching the
dat abase 3206. Sports highlight/events candi dates are
organi zed based on a set pf pre-defined keywords for

gi ven sports; for exanple, sports highlights for
sqccer or foot

C
e e e
networkd 6ﬁ<§up§>umwctand1abmnes lmapedast theghamdantadjugtsent.
sel ection of events may be further refined 3208,
depending on preferred | ength of summary or ot her
Accordlriyt%fai‘éme&xalﬁpmammemeﬂwthn, Hmore 82sheys Bow® yideo summary
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generatl on. Video replays are widely used in sports
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I ONnso ast N pI cal
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mforma&H\gF%c%t £d n{ﬁér ee rbc%r%j W‘Fatrﬁé’ Pn(‘fl id b0 of O EpSHRCHardiasEThis

are ypes replays generated at three

generatds fequrefietersea (RI90GH Fiﬂucmat)efgt ihagvenifglagtienr epl ay video
segnents RVS instant appear during regular sessi ons
such as first half and second half of ganes.

SWT parsiphgyodicge sequgmestef tRysstampar RRYS 66%@‘?3&“‘%3 P%"tﬂ“ﬁ;ﬁak'ng

place lrg{é‘%e%oﬁg ! thg\é%eﬂpﬁ *r@%ﬁ@@%r@#&ﬁh@@ ah8 %h@lﬁ&ﬁ{ﬁlth the video

Ssions sessions, and t

stream pog au@amfemmdihg annntaéaﬂe\ﬂ@&j%'s staied i %ﬁ%ta%%ﬁe 32(9@ RVS
i nstant for each soccer or football gane while nunbers
of RVS break. RVS post are nuch small er because onlg

The prefarenoess froinrihe textsunynartargriBempsed ihpelgel: 3204aphigh events to

mcludeS ét&?t 5tJ r_lF\ fﬁé}f‘%n%ﬂ%)} NGakdMindrfak dé!é@a@é)smmmé Sports

SST Ons. ows a nethod of det ecéfr
hughhgmeasms foyndngatee;ﬂraﬁgamzedsb%i? 3908, sshidi dbe-gf %PEF%V"‘{%C’S for

given sﬁ &4 f{)PeQa‘?rh:ﬁ&ts Brts %rﬁéﬁht%qgrosd@céhbﬂobfwll fmﬁcﬁg@oaltfﬁee kick,

eac %g 3302, tet%peo r epl agdtxt
corner |kd:hmet0ﬁ iAdldthese f$p9§3 Fk€$WP t @it UsedRipbeih gkt sMapGand te

broach&ﬁ% Sch& step 3304, each replay is then classified

pr e- defl ned set of event categories 3304 such
as

The selection of events may be further refined 3208, depending on preferred length of

summary or other preferences.

‘Finally, the video summary 3210 is generated (2104 in Figure 21) based on the video
shots and audio corresponding to the time-stamped action items selected above.

According to a third example implementation, 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



such as goal, goal -saved, goal -m ssed, foul etc using

anal ysis of the STB stream Once a n RVS instant s
wdebwareddt he PKWi s anal ysed in the precedi ngPCT$62006/000120

period ( 0.5 1.0 mnutes) to identify the category.

For a soccer or football gane, where the total nunber

of replays are denoted S instant, N RVS break.
N- RVS post, then N-RVS bfeak, and N-RVS post are much
smal l er than NRVS instant- Since humgn produgcti

of the briadeastiogs Ferivpiaal [speess| ¥cfoo nﬁl?fgr?ae ory hays

generatefdrb%:iﬁt}}h olitibA drectbREfoP 4CGdnedl process done by
human directors can be | earned. The | earning process
may i nvolve a machi ne | earning nmethods such as neural

There afREIHAES Kibes Gbpiags goheetedbt Sigpaiifcrerd stagdsoof breetcastisg.

such so that different weighti.ngs or priarit
diegsqting

Instant replgy: Hidee SEIERIE EFHSieyp P YT Ringonsyih &t

and secér&gﬁ‘%lmrga‘fﬂésh BESURSEERY gtdiee @egfneutsel?%s ok @hé pegtje@me) replay
' create nore precise videg r s for users, u
video segoris IRV ean3PRER e driith &ep?%%%é’g?swg é?et&%gn ath% héi ey
sessionéé\%hd %%&é‘ﬁ-@aﬁﬁﬁelsﬁgt\% Orsavaby® gherd a® B0 MBA RYSa.gdoesach
or each gane_a i nst,ant an
soccer g5 3eRbALFaBRIG AP RY BdmTRIR eag ad &by Chpause
only the! BoStihRESNtInG edtiddd ér bighligists dlandredselecizd famsitapdng dufing the

. manual corrections if needed. Then nmachine learning is
break anRastUBMESLEUPH e the wei ghting factors 3406 for

different types of replay, j , fromthe two
) col | ections, The iahing,f . refl ;
riaur §8hih Poabet G Bett, B RSy K B S e
~analysisCik g@étf tdW(_afebtr adé edplnidgRviEhpothe .focB;ag’@ do sletach eacleevaiteld step
and classified,. i nst apt,as as rn
02, e gy MBI PSS o B BB st scos
‘each repRl 6¢ thernclassifiedeinteadeprefdefined RS evenhoateporiagesMasich as

t he personal,ised videp.s [
such o5, A RREE A Bl S o AU T AR APV OUR! L8 sty once
an RVSS).Sl @ietacted tise PEV dxd ailydedoindhe lprédedingi time peried { 0.5 ~ 1.0

) vi.ng.the understandi ng of the above descri bed
m'“”teSS?%@F%’g&B??%%er with the drawings. Therefore, it

IS to be understood that the device and its utility is

not to be, |l inted t Wiy SO RIRER-RVS
For a spgeet; gy f8?1tP§II,I 9ang: yvhgfe %%s‘% (?I\ﬁgm{r?r%g ?’f ?.%;A%){%E?IS are to be
retant, NIRVES g N-RN'St e tiodraNARVS bredk rnddN 60/ S g eee. MMeh emaliendhan N-

A nethod. of event. det.ect | | ' BUE€2Mand N-RVS oos
RVS insw:%??es?%aq REpduplc s&'oﬁc?érg%F t%l@ns\éeﬁég:?fl elgt &S in a P
from NGAE | ng, thexselestior process éona by thomahedirgictiss cam g learned. The
learning process may involve a machine learning methods such as neural networks,
decision trees or supporting vector machines such so that different weightings or
. priorities can be given to different types of N-RVS instant, €VEN together with consideration

- of users’ preference to create more precise video replays for users.

Figure 34 shows an example learning process. The video and web-casting text data is
collected for multiple games. For each game all RVS ingtant 3400 and RVS preak RVS post
for 3402 are identified. Then each replay break is categorised 3404 by visual and audio
analysis with manual corrections if needed. Then machine learning is used to calculate

the weighting factors 3406 for different types of replay, j, from the two collections. These



identifying a correspondi ng video event in the video
stream based on the detected text event. 2. The nethod
wa@sgooclozizned in claiml1l, wherein the step of i dee/BGEHI06/G00120
of the corresponding video event conprises tine
aligning the casting text streamw th the video
stream 3. The nethod as4glainmed in claim?2, wherein
the step of time aligning conprises: detecting a tine

welghlnqtf A8s! Reh Hen dé@%b\ﬁﬁuhgﬁ §<§J<ﬁ@moﬁk%§l@?d at&Gepbywhbe they
svent : detecting a glta clock region in franes

createwsmeb@nm*ﬂé%p@t ream extracting tinme information from
the digital clock region; and aligning the text event
with video event based on the tinme sta

Based onte delbeedamHencAIGH RS uem s el s tierged aeigiin fagiors in

terms of 'ﬂ}éﬁl ﬁ‘r‘nd@rl%ncé’\’f? rsSleBtlérh @aﬁ%@ﬂn@ﬂe DR ARV Q. f4[16 denerate the
ormation fromthe E@lta clock region conpri ses:

Pefsonahwd Yidemeprpmprigtireopatieayn change detection to
identify digit regions within the dlgltal clock

regi on; collecting nunerjcal att es from
Many manfipeliing and GELoTaGUeE CRAGERHE I HEBIEn apd 18 Thethod
by thos@%ﬂﬁl@@ fin t@Heoér‘f Hék/ﬂgtthe Qﬁh@@rsﬂﬂfdtr@f of the rgbloaé eiesct:rllqbed disclosure
presentin e

h t
el LBt il PRl OBl Akt
is not tb rbet ifitel & thl alSd\IéC&fesfcﬁghdm cbﬁtaineslmagem fomlyp andlethat possible

npl at es t hod as d |n claim 3,
m°d'ﬁ°%ﬁ’@? @f%totl}?e'ngt‘%?ff'é‘fnﬁ%ﬁ'laf'%%?f tﬁﬁﬁfsﬁ e i nf or mati on
fromthe digital clock region conprlses: utilising
periodic pattern change detection to identify digit
regions within the digital clock region; identifying a
first change in a pattern of one of the digit regions;
andinferring the clock tine based on the identified
first change in the pattern of the one digit region.
6. The nethod as clained in any one of clains 3 to 5,
wherein the identifying of the



correspondi ng vi deo event conprises defining a search
range for identifying the video event in the video
wgaregams3ad i gned with the casting text stream PEESG2006/000120

search range being around the tenporal |ocation of the

time stanp in the aligned casting text stream and

video stream 7. The netQ&d as clained in claim®6,

further conprising utilising a nodel with a

"naoi se-event -noi se" structure for identifying the
THECLINMS, event within the search range. 8. The nethod as

clainmed in claim7, wherein the "noi se-event-noi se"

strycture conprises.a self-ju Structure. system
1 Kot edEn i el elgiR. Srhblfnd fie psis
RERING S BEL eventliateeedsting fext stdene extenal o thexideeyamt in a
.casti.ng text stream.exter o th ' :
IR S PaRPa e SvelCinh? yiRG stb8f Brsdin it geteoted
tekidaenevent in the video stream based on the detected
text event. 10. The systemas clained in claim?9,
wherein the identification unit identifies the
2. Tis mesthod dasn glaireld dn eclaint 1 rwhdneinvthge stept pk ddentifyirgd obrihe
t he detected .text .ever Ny g0l [ :
comespirafipd SHPE s PIPRES gty Thetdsihl W LhEriih figvideo
stream.cl ainmed in claim 10, wherein the identification unit
conprises: a detection unit for detecting-a time stanp
in the casting text stream associated with the text
3. Ehvemietraddasdatiret iimglain 8 wherain the stek of dgiedligning coaiptses:
Vi . . .
FetpbHG S et R oS e S A a5 R RN LAR o] o0
detedirigraydigitaltcldolsregiom tfranges ¢fdhe wideo etfeaimn; wi t h vi deo

. ' . ) racted tine
?’ﬁ“ea%?lﬂg?ﬁ] %ﬂr_wf?[ﬁfpéttﬁﬁj&%e?n@ asc@ngel‘?E)g" ?ﬁ& claim11,
aligeirg the hexteqtenhiotitr videp tevert based an the tineoptemin end the
[ Nndi g .. clock region utilising periodic
%’gﬁ%irn c%gﬁ%@é@ﬁecti on to identify digit regions
within the digital clock region; collecting pattern

4. Eg%ﬁh&%?? ésorc{ahn&f | Hdim' §91RBRi ¥l beeRhctigatfeS time
pattern tenplate representing a digit character

informatiow fromntbel digitat ¢heckdegion coegliens: and recogni si ng t he

BiRidy SHRER R dianghabkeibhtd Bt Bight3bgions within the digital
clock region;

collecting numerical pattern templates from different frames based on theé pattern
‘change of another clock digit, each pattern template representing a digit chargcter
displayed in the digit region; and

recognising the digit characters displayed in the-digital clock region utilising the
pattern templates.

5. ° The method as claimed in claim 3, wherein the step of extracting the time
information from the digital clock region comprises:
utilising periodic pattern change detection to identify digit regions within the digital
clock region; ‘
identifying a first change in a pattern of one of the digit regions; and



clock region utilising the pattern tenplates. 13. The
systemas clained in claim1l, wherein the extractor

wanbdz/oespacts tinme informati on fromthe di git aCTsIGo@ie/000120

region utilising periodic pattern change detection to
identify digit regions within the digital clock
region; identifying a flrst change in a pattern of one
of the digit regions; anfi® extracting the tine
information based the identified first change in the
ipfetringrthe sloakHime hased e ther idgnidied firat chﬁmsesygl@% patiayn of the
d in any one of clains 11 to 13, wherein the
Onecmmﬁggngfflcatlon unit identifies the correspondi ng video
event in the video stream based on the detected text

6. jﬂgth% eQQfléuﬁ‘\bB% Bnp 8 6tcibiriRIStd prwmé}smtthé memfytnl@eof the
. eo event in the videg stream al i gned

correspaning vigee @yeniseanenliees deHNBE & BPATFRA fgRoar n@ergmm ther ideo

event intRARAIR strdpbligdokitt B ddstRg $6aBlebih, tRe sédrcl fﬁéﬁbe being
casting text stream and videq str The sy

around fhe femiorAldoraiop| ol the Yme SIAEPdR g ReGTesbstng éa%tl Sigam and

video stté3lhd. utilises a nodel with a "noi se-event-noi se"
structure for identifying the video event within the
search range. 16. The systemas clainmed in claiml15,

7. - TherRitod B datRed i crah iepTuritidrt cdmﬁprlsi@eama.r@odehodu twith a
a "noi se-event - %01 se" structyre co

"noise-cyaR ALY F LI IR0 6 YORh R e S8RE] rengfe

i nformati on froma vi deo stream the nethod

o PR G Sk RE S S S SO e e

compnsgga@gﬁj@}ﬁf)gﬁgmm,to identify digit regions within the
di gi tal ock region. 18. The nethod as clained in
claim 17, conprising detecting the digital clock

9. A Sgtem fbﬂc(aj\tdﬁﬁdéﬂéatmi‘ﬁn @fVidém&tt\deladﬁmeSWS&&m:oxgnpdsmgl i Si ng
peri_o att ne et.ec n to identif
PGPy 69 dstedtp v SRR Rgienirs tpd s siRal e Viseo;
@mj | ecting pattern tenplates for the di glt regi ons
rom di.fferent, each pattern. tenpl ate . .
b et ERGI (hroPEES . CRTeLingy UHeS et iyt yideo
thnOBase’mdw themgmeﬂteg dveat.di git characters displayed
inthe digital clock region utilising the
- 10. The system as claimed in claim 9, wherein the identification unit identifies the
ﬁc‘orresp_onding video event in the video stream based on the detected text event by time
aligning the casting text stream with the video stream.

11. .The system as claimed in claim 10, wherein the identification unit comprises:
a detection unit for detecting a time stamp in the casting text stream associated
with the text event and detecting a digital clock region in frames of the video
stream;
. an extractor for extracting time information from the digital clock region; and
a time aligning unit for aligning the text event with video event based on the time
stamp and the extracted time information.



pattern tenplates. 19. The method as clainmed in claim
17, conprising: detecting the digital clock region in
wao b®7oraaes of the video stream utilising theP@BESGIU6/600120
pattern change detection to identify the digit regions
within the digital clock region; identifying a first
change in a pattern of o of the digit regions; and
]Eextr?ctlhngth_etl:]reinfo tion based the identified
irst change in the pattern of the one djgit . region. .
12 The.systesy seeptpibiedeltt FaER i Ty WM HPo? fop it GRS time
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isplayedhirethei $9 FROIQN: @BdreeRgniing thg UL pRarpHiErs figh PG ) ocg'gltal
clock red’i&gb@@inlgl’{héFgﬁ@ﬁ téthplbfee. vi deo stream by utilising the
periodi C pattern change detection to identify the
digit regions within the digital clock region;
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of the time stamp in the aligned casting text stream and video stream.

15. - The system as claimed in claim 14, wherein the identification unit utilises a model
with a "noise-event-noise" structure for identifying the video event within the search

range.

16. The system as claimed in claim 15,'wherein the identification unit utilises a model

with a "noise-event-noise" structure comprising of a self-jump structure.

17. A method of exiracting time information from a video stream, the method
comprising:

detecting a digital clock region in frames of the video stream; and

utilising periodic pattern change detection to identify digit regions within the digital

clock region.

18.  The method as claimed in claim 17, comprising
detecting the digital clock region in the frames of the video stream; and



conputer systemto execute a nethod of event detection

in a video stream conprising the steps of: detecting
w@2a0eRt33event in a casting text stream externabCT/8G100€000120

video; and identifying a corresponding video event in

the video stream based on the detected text event. 24.

A data storage nedi um hayj ng stored thereon code neans

for instructing a conput®r systemto execute a net hod
of extracting time information trea

Wsinoribe HOBRA{E) ARENGSCIUERIoRoATRTY {15 g degons witin
the digital agblpﬁalqup, ;{ ;’ig\ref] 2Latnhe \él deo streanm wutilising

el b LS REePE by AT SO Gl Sferdnt fribd, each
pattern template representing a digit character displayed in the d|g|t region; and

recognising the digit characters displayed in the digital clock region utilising the
pattern templates.

19.  The method as claimed in claim 17, comprising:

detecting the digital clock region in the frames of the video stream;

utilising the periodic pattern change detectlon to identify the digit reglons within
the digital clock region;

identifying a first change in a pattern of one of the digit regions; and

extracting the time information based the identified first change in the pattern of

the one digit region.

20, A system of exiracting time information from a video stream, the system
comprising a detection unit for detecting a digital clock reglon in frames of the video
stream by utilising periodic pattern change detection to identify digit regions within the
digital clock region.

21.  The system as claimed in claim 20, wherein the detection unit detects the digital
clock region in frames of the video stream by

utilising the periodic pattern change “detection to identify the digit regions within
the digital clock region;

collecting pattern templates for the digit regions from different frames, each
pattern template representing a digit character displayed in the digit region; and

recognising the digit characters displayed in the digital clock region utilising the
pattern templates

22.  The system as claimed in claim 20, the detection unit detects the digital clock
region in frames of the video stream by

utilising the periodic pattern change detection to identify the digit regions within
the digital clock region;

identifying a first change in a pattern of one of the digit regions; and
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extracting the time information based the identified first change in the pattern of the one

digit region.

23. A data storage medium having stored thereon code means for instructing a
computer system to execute a method of event detection in a video stream, comprising
the steps of:

detecting a text event in a casting text stream external to the video; and

identifying a corresponding video event in the video stream based on the detected
fext event.

24, A data storage medium having stored thereon code means for instructing a
.computer system to execute a method of extracting time information from a video stream,
the method comprising:
detecting a digital clock region in frames of the video stream;
. utilising periodic pattern change detection to identify digit regions within the digital

clock region.



