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WO 2007/053112PCT/SG20051000379 1 Repeat Clip Identification In
Video Data FIELD OF INVENTION 5The present invention relates broadly
to a method and system for identifying repeat clip instances in video data,

andieyaiata storage medium having stored thereon computargogeissioossTo
means for instructing a computer to éxecute a method of identifying repeat
clip instances in video data. 10 BACKGROUND Digital video has

become veryRopdiat. OGP fl WAFAESREROTRE VYR dPIthgpPId

advances of computer, communication, and semiconductor technologies,
video production, transmission, re-production, storage and sharing can be
metformeswiitpogase and at low cost. However, it is now becoming
critical how to search, retrieve and navigate large video collections for

accessing the video content efficiently and.effectively. For example,
most ¢hfeRtEPe EoinyRBHSRAI HiakRiop eaghritiims anethaesedrsh drstaiofor

ivdrhinakfraspest helorman-aian TWdeenimerCialg, inciuding Sas-RJgartamm
' I [ . 1. However hlack
e N bk SR B ers
Te&igA & dRTHKRG ERRstRiR eiRaretRMdsRTA black frames used to
separate TV commercials from regular video programs. Once TV
ER0ieaieiaigare detected, they can be either skipped or replaced with
other video segments according to pre-defined rules. 25Furthermore,

audio analysis has been used for detection of TV commercials based on
types Ofi@iditieu basaeesimecEymastolendioth ah dvereachaihpublisheslto the
ripritaghtatasoP ateuiipisaHAmMBRIcA0RHD 2OhIBAductor ¥ FABMBRIC RS
SBlme moniadog systams,sich 2t decrpedin dipited Blates el

504,518 store signatures, vﬁeo and audio featres of & prégefined 34
eg8e G \Aclviraettialeievee thiniereBearaindrebeatipputiaresaspl, retieve

sadmpeiteteviiye iiteadasistngwitteateddangihinstancesmérherfidéntly and
eﬁggﬁ%ﬁcials stored in the database. Learning based TV commercial

detection is described in published United States Patent Aﬁplication No.
2004015 FXBRPRSRSATRMGNY CORBRIGR SRR 2lgorithms are based on

dRERYOSF112RCTES G2 DEf6e COG gerfddturesnerialse thttutiag tbtaskifidiisy

d&iBsaily camMeiaiRls Bgain e @60 MM RlE IR SHPROMEONLRS IOk
ma ines SVMghor othe{ Battern Flassif'ers The above detection or .

SCfAssification 1ee Sn?&%gg are eéss%é lﬁ(fd%%c{i@% & He ?%13?/3%%0%%@‘38#”
Arie GrRaANAded ATl FGMaSCHIRH &RiSBPATA MY ranvime ridisripdaregular video
programs. Once TV commercials are detected, they can be either skipped or
replaced with other video segments according to pre-defined rules:

Furthermore, audio analysis has been used for detection of TV commercials
based on types of audio such as silence, music, nolse and speech in published
United States Patent Application No. 20040201784

TV commercials realtime monitoring sysiems such as described in United
States Patent 5,504,518 store signatures, video and audio features, of a predefined
set of TV commercials to be monitored. Then these signatures are compared wifh a
broadcasting video to ideniify instances of the TV commercials stored in the
database.

Leamning based TV commercial detection is described in published United
States Patent Application No. 20040161154, Visual, audic and context based
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5data, and the identification proceeds via identifying those portions of the
video that match the reference data that represents what is being "looked
for". However, beside TV commercials there are other types of short
WS 1dded in video content production, including news MAGE8GH069379
video, documentary video, etc. wheré the short video clips are used as
atectmstrmsticdtstechentieiOo(GSES) tonmaiczits aghivstioe-obanideals
mﬂe@%f@r\»@mecﬁre@%veweB{Q&fﬁ%&@&é&@@ long, usually

conswﬁj nter |or1al news, I(&cal news, financial news, sports news,
weath %‘1’8 98 foneel oass %aé‘aﬁm‘e?ﬁt‘%‘%‘f%rﬂﬁ&?&?éaﬁ‘ iegtifying the
lefeuabm@gleee@ft&méie&% \idecsthieie) anehemdiingpoiiths afiflisBegirente

delentiiingSig&minneidhenddetasting NsmPeSIddO PRI bF 8WidRRs that
{&W{Nejréfe@,l &(&é‘ QL“{% A%e% Sontens retrieval. The

ovement|one getectlon aSSI cation techniques are of limited use in
|dentlﬁm@eﬁ%@%ﬂ%g\fﬁm‘@aﬁﬂ?ﬁtH@"&rﬁfﬁlaﬁ%'féﬁé?ﬁ:@fo‘ift@ftdlﬁeD clips
anesilmbleiéor dretaeispectivgcd Sl tithjcheissivipeactipatgiverdhedaigrntary

yadistuef difisre meSéé%ﬁ t&e&m%@%@%%té@ M&ﬁ@%&% 9 aeggrn%%%s

SEs has been app roac ed base

% roblem, recently identifyin
R e CTSFIO R (AT FEp a0 GO ELE IFSITA6E @i, news

wtsswords, B BBEDRge iduntificgisizedbinidatiying oetsal irepkatets,

RIS RENE @eﬁgﬁqm Wﬁ&@n@?&@gﬁ@éh@f ﬁl’@rFlt&eéHgM%mQﬁea\é'ﬂi‘erzdeo
enc S aVv ermin char eristic suc enti
!%?51 &3 c}N -0 useg %Pn(ﬁ ST s Pg Iseé: ends 8 ga&egt\h% Segme t,

rames ua et al ua e al tlme r

féeawﬁaeﬁaéﬁtmtraﬁn clstaplite rivriteRsENar mag%&ﬁﬁd@mawdmg coatent
¢2Radgn pn3He-d2#upresentad Wdeea ktinkent epaaied videe diebementioned

é@%’éﬂ&ﬁ%%a@&%ﬁ%ﬁotgﬁﬁﬁhE%F’E@t%?’ f}ﬂ%Q ?JQBt?n 488 d‘?t%ﬁ{é as@ﬁ%’r since

moment feature of eg frames. The method can be use

ORI Tt GHLIRS GiRitRss, tifede PO é&sﬂﬂﬁ?&éeusthetée%twe SSEs,
Whittaléonprattic 3femith tudeclaiigythbtiffersic SSEsldmshois msgheent in
vilgadamental” unit of the identification. As a result, this method inherently
cann |denég/ re eat mg{ldeo SEChL{ cesa ta sy %t leyel and relies on

the identineation oFvidew Shote>Whih Sent orgmn r%or%sd T1PRRORGBET
@%&%@W@d‘@éfﬁeﬁﬁwﬁeﬁmﬁ%@w HERCE§UR wmﬁgtaqetn other
Wmﬁsﬁ@ﬂ&w&m&hﬁs&mﬁ@eﬁ&ﬁﬂdesﬁwaﬂhﬁiﬁ@UHﬁ@aﬂﬁi@ﬁe@@equences
o NeEelRig, tiged aiatsda dRUAlan A" AN VRG Aud elfcientar g,
clip identification technique that addresses one or more o

RERIRS R hropraRtRY ’SW@EBB?IS%‘%‘E&‘Q@@%&%B%1000379 3
SUMNMARAL b dsboFtlemet slitReafifbtastrctaf idepreseriire/ekntficttiene
%m\ﬁfi]@%@@mtmggefutﬁe@ﬁwagﬁ@p@ﬁt@g@?m@n%qgm d&%&%‘i@dta
metno rtgion e vigeo INTO, order O units
?lg?ﬁeg o enqlgase E% re?r'ﬁén ngg%n n%ﬁ%htzr%ﬁ é’écﬁ‘{?%% Ff 0 shots
hﬁ%@@d@sad:@éam@ﬁt@‘trfﬁé’ﬁvw e%%meféam@m dbasecihindere PR agrskio deduce
wgrosmio gebtiteasityvefcinas cltive: TideonnBsiaty ene tiTne-iRdexessvisens

AedmeicAng 1ARRIfY RS reReat CHRd GInSiRncRRBaREMAn (ATeRIRR
of the video segments. erprint may be created for each video
gRnnasE g dip rﬁqf%%ﬂ%pﬁg?na‘%%&sﬂtaﬁ*ﬁrs%ééamhf@%&tdﬁpeafecf YiHeo
ssortenedhaise dueahndaet wrdneiz b ertdasadeotifioatmn omateocitaigrotich is
(RRBRITENARE AigRIA SORIGSS, @4&@&9%&&%%@%%%%&%@8%
%Smotl( t|¥ tof tge V|deo co relation matrix of video

se men?g%orﬁagﬁ]e'?ﬁpu deo a? Thay Be. 83%98%%&&4{5 t8ifefet
auto-colpEIBiBracane Ermgéﬁﬁrﬂ%@@ﬁeﬁ@ﬁq@mwmaﬁn@st@hmbwdeo clip
itienefitndexed vdrosegmentRirangddherepsahilip instancessate idemitiady
Jf%ﬁ%e correlation matrix.
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20A correlation matrix of video segments from two different input videos
may be derived based on cross-correlation of the fingerprints and on
temporal features of the time-indexed video segments, and the repeat clip
vinstarioes are identified from the correlation matrix. A similatEf/Betifedpos™
video segments may be defined as % binary value, 25 with one pair of
identical video segments correspond to element "1" in the correlation
[ R?,nd the repeat clips are identified from the observation of those

Identical video segments. Only the time indices of elements "1" may
be recorded jn an ary \91 ({et e ?I’&?tﬁ correlat tan m Egm not recor e(a.
30THR AT Y Hlrh AP L BRREHSS CoRRBETNy IING Segments i o
a cowbiedionf nidenkidaghireale ie M<iBRTBAsitg H@%fbn‘é?@sa@@céﬁ@md
conpiibinglementhinhthessane witeinis, Jatddentiyinguhes resaichpntent-

stanc The line [ e
%.eraraa.cgr%v%@?ah“&e?ﬁ%h"%i‘?%f?ﬁﬁ%é‘%ﬁ;ﬁéﬁ%ﬁtﬁem% e

bafygeip e GeasIEHEWR A AR EE nHOURY I S FBRABIE AR SR GHEH ¥ N
urdtdength end toreaiatiekadinddsegswemdtuntatyiddh@ying the repeat clip

inéBA4QR3LL4RE Tne280r 008 (Rido seg%@nnecnng of the line
segments may be based on %F[E%mor I relation gé eT‘assouated video

sequefREEPIINt HRY RESHEHY fiitief'Comph IRSHAR fomprising
a lorddity-seesitfeettiasihelpto identify fingerprints that are within a

pre- d@i@re&ﬂ%ﬁtrﬂémeefém sagicpthery IrngarlsWatisgelamenis of a
the correla%llon atrlxlgn ald |gnelgtlfleé1$gh§qr rlnts Thef ? IQ‘rlnts
grouzi’ycb RS SRR { trlng an |n‘g IS a%pFe

mgtﬁﬁg@@dﬁ@a@ﬂhélﬁ@@@thé’frespectlve fingerprints. The method may
furthererepriss sRNAKGiRgied RedntfanednermpdOfeaibittone may be

aSRAPRLSon of theidenified 1epeat gl #Hg@ﬂﬁﬁé wesmeﬁﬁwmsswp
Instances If a comparison measure Is above aPre -determined threshold
of the time- mdexed vxdeo segments, and the repea chp instances are identfied

from the correlation matrix.

A correlation matrix of video segments from two different input videos may
be derived based on cross-correiation of the fingerprints -and on temporal
features of the fime-indexed video segmenis, and the repeat clip instances are

identified from the correlation matrix.

A similarity between video segments may be defined as a binary value,
with one pair of identical video segments correspond to element “1” in the
correlation matrix, and the repeat clips are identified from the observation of
those idenfical video segments. o

Only the time indices of elements “1” may be recorded in an array while
the entire correlation matrix is not recorded.

The method may further comprise connecting line segments in the
correlation matrix, each line segment comprising diagonally adjacent matrix
elements of the same value “1”, for identifying the repeat cﬁp instances.

The !ine segments connecting may proceed in a hierarchical way, wherein
most reliable line segrnents with a length > 2 are first connected, followed by
connecting less reliable line segments with a length = 1 {o expand a line segment

boundary.
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The method may further comprise conducting a frame-by-frame boundary
expansion for verified repeat clip instances. The method may further
comprise labeling repeat clip instances as 15 belonging to
WHENPgBups of matched repeat glip instances based On%aé?/gc,ozoeafpaosw
relationship between the associated video sequences. The key frames
may Bédentifstnsastiholine seamatRitByPehdtdaen &P YriHeiiBo
osHRaBsociated vidR® 68QtRMicBEStogram may comprise a color histogram or

amotign 20 mggoggagmn&%g%r%%t%wfsb%ea@@es%éw%%ﬂm

streams. The Video data may comprisé one or two stored video collection
telisanty IR A 49 B IS MRS IR BTR RO s
sand eneidep skeamis2SFhtnmettroglaticy baivesrfontyedan eaidingentides
FHH%‘? Jhe method may be performed off-line. In accordance with a
second aspect of the present |nv ntlon th rei \z!frged agx%eﬁréé Mo is
|dentlf§}iﬁﬁgﬁgﬁwﬁﬂﬁ)ﬁ§tgﬁc@n ]iged E(’r}acfa %ne Systém Comprising
applittidnitig bitittfmgsacitiopieg dfs Jeike [FSRERHHS GRESBERRIe0 30 units
utilising Conteiddasad K@H@rﬂerﬁ@f?@@"ﬂﬁhdﬂfﬂﬂ@i@ ceamadtpiramit frame
includes a sequence inter twe
f%ar%%% £ nso tC ﬁwe sg Pe el \R%)thE gcﬁ%ﬁgggqg%w @a’ﬂ%p@at clip

ouplng at consecutive video units into one

lftﬁi@@qﬂ@jéﬁe@mlwgﬁw&ﬁ& R AR e iRpR A ER Histances
basedrpa wemelatiesy db thevideopsegrentsciBEia decosdaniematheu tiiad/
eﬁégggtogffép ggﬁ%%e}gpggp&w;gg%&és provided a data storage medium

ving stored thereon computer code means,for instructing a computer to
execu% & RIS 'Sﬁﬂeﬁﬁ‘l’?%ﬁﬁgcr%‘ﬁgﬂf%h Bﬁs?gn &R0 \R% =R

b2QN3I05 34 :2RE 71 SiE2eD5H008F 9 AttbedReaheliméthiBaEsnhpRsthen

a&@@ﬂ&ﬁ'ﬂ%k&'ﬂ@n}éﬁﬁ%%%éﬂ%ef@@&ﬂavéaemaal@qm@ﬁm content-based
eyrrame sampling, wher INCIU |
betwe—g??tb\% % L%%% Faentn‘y egenase YRS Siht RIS BEeéXQA

rames; grouping at least two consecutive
fmd@ooﬁm@s\'ldﬁwéﬁ@amﬁe-indexed video segment; and identifying the

Srepeqtsligoitsiansrscarsed macasealiation af thievitietosegments BRIBR

h@s oSCRIPTION OF THE DRAWINGS

ces as

The video data may comprise one or two video streams.

The video data may comprise one or two stored video coliection data.

The video data may comprise one stored video collection data and one
video stream.

The method may be performed in on-line in reat time.

The method may be performed off-line.

In accordance with a second aspect of the present invention there is
provided a system for identifying repeat clip instances in video data, the system
comprising a partitioning unit for partitioning the video data info ordered video
units utilising content-based keyframe sampling, wherein each video unif includes
a sequence interval between ftwo consecutive keyframes; a processor for
grduping at least two consecutive video units into one time-indexed video
segment and for identifying the repeat clip instances based on correlation of the
video segmenis.

In accordance with a third aspect of the present invention there is
provided a data storage medium having stored thereon computer code means for

instructing a computer to execute a method of identifying repeat clip instances in
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Embodiments of the invention will be better understood and readily
10apparent to one of ordinary skill in the art from the following written
description, by way of example only, and in conjunction with the drawings,
wo yialszi12z  Figure 1a shows a schematic drawing illustraBifid/ResReF08 7
based video sampling and partitionifig according to an example
viggahodiment method TigHEsidibespamsoaisghrmatied raudnigtilustatidg/aeo

three.level video 15 re i i ' :
LIRS e pnas o
a FRIMRN2SS RIS RGRHSRIMIR ARSI S YR KRG AR rHRE SFiRgP 4R
cexRmpie-ambodinterinto one timeiguted@dshides ssymemdctiod dsififféirinhe

re t{%ﬁj#?ﬁ&é&%@@ yideq clinidQidentfigationaecerding to an

xample embodiment. Figure 4 is a schematic drawing illustrating
connecting of adjacent line segments in repeated video clip identification
BRUIED DHBCIRBfiexb b [EHMPBAWEBHEIigure 5 is a schematic drawing
illustrating labeling of instances used in 25repeated video clip

identjfication accordjng to an example embadiment, Fj 6,S -
systegﬁngﬁglﬁ'&%ﬁ%%f%}g%ﬁ Ifﬁgérﬁbogat\éuéFVP e%%%%%nh%?n%}égg%e r%ﬁ)é:,:irg?g f%’g
appeaendiaeipteot i arill in the pigfiR7BASAOWIRG NS CERSTE bf
by RP BiehRIsteny {amnaTalesrritigawep eatattaiders clipwhioing method

and system,according, (9. @r?fgﬁgxﬁrmﬁg%m}%ﬂgmﬁ%y#rarﬁ@!:lé@&li§i@eo

1 LIS AN
flowchart fiustra ing a method of repeat clg identification in video data

sage@mgiﬁ@d@a{gﬁii@gm@@@gﬁw&}mﬁw e embodiment.
2007rnd4 1 2P GRdB6 2005000379 Grawinbhélestratinde @riibedineyat video

RARiSAkEYsHameRRse dyideasamelinsandRartitianing suateammvioh
is dependent on the video da;{%%%%f\cteristic, i.e. content-based. As
|

VigRE\RIMEIY (Y P S Haf: sampled by key-frames e.g. 102,
and iRteuvad IOwbetwEopimedotise QiBasng adesthpacassdiie ®th

elteaiRd-A%8aRseMideo unit, which in turn is time indexed by its first (key-)
frame,, ey-frame selectjon criteria i imer .
base%!%%r Gf‘hesgo _‘_8'? ﬁgt%gfgﬁg 2 iée%ﬁ@é‘]l_ é?‘v%éﬁgr?%%ﬁ rﬁ%?%%%ggn%{m Ig

idriificaiprareoriing e AR IEREMMRSIESEms of the current ith frame

and thglrstkey-iranteresiie diseingtiersifiog ledm 8Hingl0f(adagant line
segments in repeated video clip identification according to an example
embodiment. o

Figure 5 is a schematic drawing iliustrating labeling of instances used in
repeated video clip identification according to an example embodiment.

Figure 6 shows a system-charged of an off line repeated video clip mining
system according to an example embodiment.

Figure 7 shows a schematic drawing of a compuier system for
implementing a repeated video clip mining method and system according to an
example embodiment.

Figure 8 is a flowchart illustrating a method of repeat clip identification in

video data according to an exampie embodiment. .

DETAILED DESCRIPTION
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ith frame -> key-frame, and Ho= H1 Where (H1, Ho) is the
intersection of the two histograms, and q is the threshold. The advantage
of the key-frame based video sampling strategy in the 15 example
eftbyirigtiinclude that such a sampling is robust to shifting?6E&t&Rfi#fy00379
frames. Even if two repeated video cIPps begin at different frames, the
selectethkegxfrapie smgodmest efithis cipsrdrbe dysetirddiedafiging and

%@Hﬁi@hfzﬁé@t@aﬁeﬂ\@rﬁw%'H@;B’éﬁ@@ﬂﬂo‘ﬁnﬁé%%ée@{&@HQrQ&BF%B& i.e. content-
%har cter . c, but neral s\ygchr |zq5§n can b %ﬁa negqr after a shot
g 'ebhe conrtirg}y L“l.JenI orm samS n ?H%Eé 8@?3ﬂ?§h 182
éﬁﬁé&t—‘%ﬁﬁ.ﬂ@éﬁ%@n M%Cﬂmﬁg#téfé\}%tﬁa@% ¥t E6G-rarmechdrsated as
saeypting wan wedtce natiekatiomberse by indjagerdspmipies, SO high
Cross- %{eylﬁswe@é&é%ﬁ&eswt@ﬂa Afigce AP R A Re SURPIeSSSd §%n the

which cah make diagonal patterns in an auio -correlation matrix shar

SAAr e R T RIERERICEMERBIAGESVL BT Bk s koY arifor and
paritoming sirategyssofibe ateanb drafteetredchthinatidiepsagmespeeivile
iRepiporated in the video feature representation. The combination of a
temporal feature and.a content feature can increase feature discriminative
ability, lbﬁ&?é’s{fhﬁkﬁvfbise positive errors. On the other hand, fd»
unlforrﬂrﬁﬁgﬂgglr;gképuqergg@p&@y_jeaWre is not utilised. The example

embodiment, in ap Iylngt non-uniform sampling 30and partitioning, can
chicve R orbbla o tal BRI Sl GH AR, Pl eahe

tirystien features are extracted from a video stream in the example

- embodienty R JESLiemu Ry Aaviegual fearte g pgeand fegtueds

a frame feature. he representatlon of video units’is @ com

%%o?'f@aﬂﬂ@%'&%%@%fp%@ B RPN doRsteln i tingoptatprting
framexaBvpleitmboehewed iddecolps frapirminiifarepoecdy angletial key-

fhinefergang & Thanch<  ckhang. lzwoafter certain frames. The
200 /053112PCT/S 200 /0;0%1%9 7 Fln rlnt of Video Shot for Content

YERRIRBRALY PSSR MRS 260 tv WERCSHR, i ritenerally
?éﬁ?b&@??@aﬂﬁ@*l@@ﬁh‘?@?@@tﬁﬁ%%@l’tﬁlﬁr@@ﬁbﬁﬁﬂféfammamﬁamsﬂnmjlstl
m:snmaepaambimagg,qimlktyd@d@&t@m;@g@n@gightness and contrast

chang I t ness an
oS MR RA.4960 SIS ARV WIS Al coronon

briuecnirdecel SaTRisTedhtd! N‘s&ﬁ"é‘éﬁiﬁé‘?ﬁ@ 198ugH dheyRese mdidcspt
ahigeslicgrinizgesptéstetnadhioh avaragisie frdiayesd 1 patiihis éacin auto-

%@%9%8&&%@15&?%’3%&% resinmbRehRlnd 'awgﬂ%gi% bfiSnon-
ndV|d Ig]lrlto XN equag locks 112. For(g;t\é:h block 112, the

'fﬁa?é?‘a‘r’]d AROP SSRPEL R B?\e% SR 8%*& B & e Vo reamgri Stbe
inspracidtiive heatifecofapisidtuNeTetatiolor Ty eprivinaichisisegrrentris
@atordarrchcaneaicRation @dhﬁﬁ@d@@%f@%turﬁﬁsnﬂﬁ&iﬂéeaﬁmgﬁ ETdYesult in

GTRISIOB SR AL NG B INE AR SPLAES ola block,

with'a escen Ing order o ues ajor co
f&ﬁaﬂmﬁo‘?qtd%*isaﬂe E@Efe?ﬁmet? @g)%imﬁawﬁgaﬁaiwgglwpza{éfqusmmg
anPgrNI)ingr can achieve higher precision than a uniform partition strategy.

Two types of video features are extracted from a video stream in the exampie
embodiment. The first feature is a video unit feature, the second feature is a frame
feature.

The representation of video units is a combination of a color feature and a
temporal feature. The color feature adopted in the example embodiment is a color
fingerprint proposed by Yang et. al. (Xianfeng Yang, Qi Tian, E.C. Chang. A Color
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Iviajor Color V)) r TO if (172 -113)> r certainif (112 -P) r Where 5 is
the threshold value that differentiates color image and gray value image,
and is often set to a very small value, and r is the parameter that can
O H@libe rabustness and discrimination of the feature. Rule2iMdudos Mo
1 bright>T'2 Major Color -.Minor Color =(dark if VI 5 V2 20Major and minor

AR AR VEhS R easNR: SYERBALIAIGS RGN Riliedd) SBNETE Y
%A_Ja S andJ uncertain, dark, bright respectively. The robustness and
S OB S5 PP G b R ol B LBh PR By reompac
Pk dpfersréosneing randiieasediplibe rasudivtene e ihightding imageditmt)
dsanged. bR2a08r, 2bgeeameanhcanskthedlending dnage isidiMidedinio-8x8..
ckPﬁlcS’sCé?ﬁ M%NE@Q . Cigp% Darameter r‘lr' O}Qat mainly controls robustness and

discriminative abllity Is set to 3, while 5 is set as 0.001. WO

2007/054992 Bt T1ZE2 68/iTN6S 798 K subsarestiadRit Aa ferrasentsdd by
Keatindiagnienadds fof aherperpbgevaf rgime feyrfsamerveritiaasion el repgpis:
BP210Rg NI AME ditckdSrdEgied iR sURAFRAMED I M ANLINB LA prun
hISt? ram of eagh sub-frame 114 is %uantlzed to a symbol, so gach Trame
o725 SR 4 0y s BN Bk S ac i yRARS Bl i S Byt opanents
e Rded Biat seleititzes! he3Gipestntativer gpure ufirbatasibér the color
fiayerbehsHingsieagwienisid Bn363409 (3rRMRMIES HiBS-SXEMAR res, and

emg)odim_ent .a code book size of 128 was_used, noting that a small code

(R BRESPE T aREI bt e TE MR whilePoRER it g s I RieRldR AT 2
bincthd Exaritiple denbedimentden simdiarty We&unensrhahyidRL B e
rdiRSORsSCAiVEMAeadind ﬁgifoy&,}i}@r,%iggpuped together to match against

other consecutive units {v, A similarity value s(i,j) is computed by matching
{vi, vic} against {v, vp.1}. The window will be sliding through each unit and

giGeis therpimilgty matrix.
argmax(®R,G,B) £ -Fa)vr

Major Color== )
uncertain O ~F)sr

Mitor Color= arg:mmtR,G,ﬁ} T -V5)>7
uncertain T -sr
Where & is the threshold value that differentiates color image and gray value
image, and is often set to a very small value, and 7 is the parameter that can control

ihe robustness and discrimination of the faature.

Rule2: If (Vi —¥3) <6
Major Color = Minor Caior:-fbﬁght If 120
(dark £V €7,

Major and minor color patterns have six possible symbol values, {R, G, B, U,
L, H}, where U, L, H stand for uncertain, dark, bright respectively. The robustness
and discriminative power of this color fingerprint can be controlied by the parameters
dand r.

In the example embodiment one blending imagé (K=1) is used for each
segment, and the blending image is divided into 8x8 blocks (M=N=8). The parameter
7 that mainly controls robustness and discriminative ability is set to 3, while &5 is set
as 0,001.
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The single video unit similarity between vi and v is measured by both color
15fingerprint and unit length, 10 chemise kmO0O- alin(Len(v,),Len(vi)
where n, n, are color fingerprints of and v and v3, Len(vi), Len(vj) are the
[BYAHS/BF¥iand v and et, ezare distance thresholds. The vald&sG1)i§/000379
calculated as 20 In the examplé embodiment binary similarity values
are chiisersxfitastediaatiepus thiattobatingaliaybralshis pasyds ariaaw by
masveAndothe,imsinrRxes &f Siameny %&'Q@T&%&%&’Jq&ﬁrﬁ?ﬁ% 114,
gg/de%g%%iollar et all(rja%) d{:\éac%gnlég%anal zled with limite mem“%%
requirement. This Simitafty meas r?@?eﬂu‘%ré% BHADHSH, o pHmbel so each
TFrETghBdUP trissartesiry 4ratnbeier two neighbour units, for the similarity
meas@Eactosymbbl LM RIS L RGBT $a200/0R037%-84 at JbIGURe

. _ Spibt L Sk Hrdd ot
e B R G o R the
Harare srakedimash drcadhiesictie PE02fhwan drdareingides a small code
hregir eBentatigiearactizeokickineanitshls praviirgsieenditenglindithie video

represgntatioRAIPESRS AR MIRO SnBss msa@%ﬁcé}&g%@i%mg%o

two co seCLég%/e video units 152, with overlap betwee

LUSERUNE IE MGt K SRsHEHGE VRRSIGRiTS 159iShagomlast other

segments 1
CODRTBNE Htdsdive Vided stgjradiyitval £ in(differcom privsb tinmemitsinbhis tird
deaebofwidegireprasenialion eIMRIIsRER HRR IR AGH WhISHIMAYRE the
Sﬁgwﬁg%g%yom different video segments 154 as illustrated in Figure 1 b.

The single video unit similarity between v, and v is measured by both color

fingerprint and unit tength,

|Le:z(1;) ~ Len(z, )[ :
min(Zen(v,), Len(s)) &

- [1 HAFF) <6 & (2)

: fuys s 42
. Sty v,

0 othenwise

where F;, Fj,-are color fingerprints of and v; and v, Len(v), Len(v) are the .
lengths of v and v; and &4, g, are distance thresholds.

The value s{1) is calculated as

f 1 i So(vy,v) = L& Sim(¥yy,v;4) =1

= ] 3
10 otherwise

)

in the example embodiment binary similarity values are chosen. The
advantage is that locating diagonals is easy in abinary matrix, and only the time’
indexes of element “1" are recorded, so that even very large video data can be
analyzed with limited memeory requirement. This similarity measure requires that both
of two neighbour units are similar to other two neighbour units, for the simifarity
measure to be """
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10In using pair-wise comparison (see video segments 154) in the example
embodiment to fill a NxN similarity matrix, there will be N2 feature
comparisons. Because of the symmetry property of the matrix, only half of

e slemernis need to be computed, so the number of compa;rgf:‘ﬁm,zg‘@;l,})ng-,.9
reduced to N(N+1)12. In most cases? the similarity matrix is a sparse one

since glyaamalk ReFIan.of %@M&m ;l;?tr% ﬁ?&a@ f{%ﬁﬂ? e i

ossibility to produce the similarity value ile mos
58?%565* f’éy RsURAf s HipimePRig G ae! fﬁ%"%ea%ﬁ@?ﬁﬁ@@%f‘%ﬁ?ﬁﬂéta
repredsethtioitedrtbaeselavithitta. dbetdirstdistan ot vivestrapreifetiivears the

VRRIPRASABS, Wh@%@é@i&i%ém%@%@m@%}ér@éﬁtﬁ éHM%BﬁE'&é Eﬂét{;!éeo
Iathgamll b furthertred d. This m C emp oying
E)a %t *sensgitive e ‘?ESCH) On fhe"26¢ \for %%rﬁlﬁt 2, Witk jQveEiap
bﬁ@}‘?ﬁﬁﬁha Yéer ﬁpsmﬂlaﬁﬂﬁéewmﬁ irrslindirriaetntEe ik wuitsryasaatydm
cortimensienahspane h&;&:samwﬁunruadaxe@mmﬁm%@Iﬁraeg@rﬁalréva of
t SE-PO this dista
istergeudiiah raBabllty: whlls g &/gthlﬂﬂcé?l_[x%%do s pom

have a low probability of being returned iSis
IHESghRRa Wfﬁaéﬁdzﬁs HisERESS R8N Phake the probability of a
hash kollision feirtwisepoimpdisoelétee tddtheisegimilakty B¢)distancexshipe

eﬁ@i&iﬁr@fﬁ sk, el Sankap!lisien prebabilily shawldhe hioh: ofheryise
%#mult le SUCh@fﬁg functions |th different parameters in

e oLl RO e TR Tl B S el 0 be

para
Cﬁf@ﬁmﬁé reRetiigiineheasE aemneaRch cainbheasikantbie dlithbdditer, thest

chaahing SAManyMeiens :ar@stpmeg 6aeg@mmﬂv%mtﬁé\%n of polfi§ i)
a%gi‘?rﬂﬁhak Q% We%c%@‘%z r%)ro(% nt'ﬁ stqur)é \}a!uan tévnquF gigs st

Slmllarlty ear imensions via roc
Oivsmfa?@@sawﬁ t Pafewclies.dfitoe f@@@r%gaaqﬁomsemm@ be
liteidotirtiest teitipead upttite dempuiatios:insepatishodovgansehp wn%! be

a%iBHEQ fhiNs NSRS @ 38r BAlWRIeFOR N ARILSHIG: pyme&a TWther,

nct s selecting a sub %t of bits of the bit string that sati esired
SR, IO TV SRR B0 Y PR NS TR GRS 1E0 (i e e
G@a&ﬁi‘éﬁ@fé}ﬁ selects k bits from the bit string. These k bits are WO

2007@?&3 Fb@?d%@?@ﬁé@‘?@%%a}%«] Baaaﬁdaghébaﬁ@tﬁemé ht&l@ajw |
no asni algorl in e
g TSR 5 R A RS el

| d@??é‘ﬁf’e‘%ﬁ% Bwuﬁﬁﬁﬁw’%lé@'&nf%ﬁﬁr@ﬁméﬁmw%éw devaradgw

25

30

35

pevhdbiligmifbeiin eefifivel ¢yl dndingBrpnint sandiesdincdysndexes 2y $heash

RO kRifalg Q{éthﬁgBﬁﬁWye&B(@QW@&ﬁWo% %‘?pf Oﬁ%rreiated to
ﬂnf?? é"& can he represented by three hits i.e. {

Rl PRI % RBAE1 6, 814 a%faaiel%}*%s%sawb ?ﬂ"aﬁ@ramwta
S*FPtiiﬁ*ﬁ@bi@haMﬁ@!mSmgmpﬁnml@nuémé&jsn@b aBh liengtorisitgtni mitfferent
pé&ﬁﬁ@tdt@w@fl’uﬁéﬂ@@{%l%uﬁ&ﬂéﬁbﬁilbg%m%%t@%?q IRORE fa]se)
[S. Wi uery pojn e refurned is est
Y‘}Qgtréé olor ngaesr%r?r?tm 3 aé}é‘eg trllrét ol &F |n sf%mgﬁgqg? Cﬂ'a&“”
p%@mﬁt&fé ﬁﬁ%tbﬂe@r%ﬁ%l%qe%ﬁﬁ' fiféHra@lect appropriate ki that can return

point3traviag rdioetharsmopessdvish Bghiprebabilin,. Bsing, the hrﬁ!yky R
M@kgfaﬁmfﬂﬁgﬁf,bggaw%ﬁg% éﬁtﬁ@RL@a@%rﬁa% C@é "Rgerppy mtgon on

to the color fl?ﬁerprlnt ofa dery samg%% can thus bé returned, an

VB ARG AP RS SRARBR ) TS Tive AQBPIrD Yot b SrapIds FoRgriment
togeRegdsamile, Cthuslﬂﬂﬂherlme@@eﬂ*lgstiw carapleliitynbfitiye Sinsilasityfonat iz
feRRlealalion ma%&@mglerﬁm%ﬂlmﬁabﬁf;y@r@éﬁ%'em B IR e bt
st %%n%h ds\éltcli 0 sequence oca Rear. dla%j eiEial 20 lines of "1", offset
f & Manr diagonal, in the Sirniianty makh e lloﬁk'épflja%‘é
fupghonsis Pl RRd ROTIRE hary srlestikipils Fom-berhicetivg.liffe poktivissare
Due to the use of non-uniform partitioning, these non-connective line
portions may not be collinear. Since identification errors are not avoidable,
the similarity between different video segments may be wrongly calculated
as "1", so some diagonal lines
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25 may not be single pixel width, and some diagonal lines are not real
repeated video sequences. Figure 3 is excerpted from a 4699x4699
matrix representation 300, illustrating the typical pattern for a pair of
repetadseéduences obtained by the example embodiment, wHESGH5/000379
dots or pixels e.g. 302 indicate "1" snlr?llarlty values. As is shown in Figure
Bat¢halvihdle repeated viddetseqguenea8Mbls. dpljientedatiseverile hashing
a9 Gfﬁwlﬂweﬁ{eb@élﬁqg"?%m%@ﬁén? - sH3Gn PEYCH ane DL SINGIE RIXEL,

%} On the other if one treats each line portion e.g. 306 as an
Xl ed'fe eque es?ﬁgy H%ﬁ@@ﬁﬂ%ﬁ\ﬁh%?é’%ﬁﬁg%ewf%n

ﬁﬁ@féﬁéﬁtéd@@@@@éduence and identification errors may not be
distingmarmbrﬁm@égprﬁhmat-oB@msmuqauymnw@h@mngﬂtia@dmm

L L A ———

%ﬁﬁflcfﬁr%%bé}aﬁﬁéﬁ?f?ﬁﬁ’éteﬁia?n@#oﬂh%?ptﬁglﬁgj@lWé EhRirasaerimey-
lalg:dhm woats(l morginsogicad!fitsort drepnpintt Enesegtadnitaadelisngatei

e fromdig tmm,eh% inSHAERPRRIMRA R RR RENOSAU SANAR. -

erated on based on their temporal relationship. Accordingly, in't
%&%ﬁ?ﬁ " B ESHRRA M mgeaﬁﬁtdfﬂﬁpﬁsd%gg‘ﬂ@fja%ate or calculate a

similarity matrix in implementation. Rather, only the time indices of
elements "I ecofded in an array while the entire correlation matrix is
not recordleci t§a §€Imatrlx explosion for large video data. Step 1:
Connecting adjacent line segments whose length exceeds one. {9 -
the tefporshalontaifirhesptotrdspondshesanh ectingge(sated gsauRSBhe

(D RLRPTBIEINSREUHS Q@EétCHpEﬁl?&?é@de'ﬁ%? RVONS SN HOMRUS it

the start and e d ime ofaE orre ondin re eated video segments for
LRER Groips VAT 9&&?5" Hdt B repERT R dpRo fRee RRAYe:
ampies)hpengra colpr Stagespdn Tpiqsg")tarﬁ@b(worrfme(mnt‘ﬁﬂa)query sample
dasmaﬁlwlyem@@howdrb&m%%m SHaE aﬁﬁwyerédmfé%m@ Je@h%tumed
the fo n itigns is s
L I TR D

’éﬂ%lﬂc‘ﬁg%t”ﬁﬁtﬁ?‘?mﬁ‘%ﬁ’d%ﬁd“ﬁ%tan T2lstart.... Trend; 202>
neighlfoling ligezistanraifbefyrfi2 istreted Vidndsandehestanth dfeds 4 diagonal

1%&?%%1“@:%&%%%@ S ERT g&o%@n&ﬁé‘@%:ﬁr’ﬁ%ﬁf 140\)0&%53 Rle to
re thre holds The u g lﬁv'l% assumﬁi[on of condition 2 is that if two

e ARG o SRR ST BPIGBE Al VIael BHIERE Hre i ns.
%ﬁ) the use of non- untform partitioning, these non-connective line portions may
not be collinear. Since identification errors are not avoidable, the similarity between
different video segments may be wrongly calculated as "1", so some diagonal lines
may not be single pixel width, and some diagonal lines are not real repeated video
sequences. Figure 3 is excerpted from a 4699x4699 matrix representation 300,
ilustrating the typical pattern for a pair of repeated sequences obtained by the
example embodiment, where the dots or pixels e.g. 302 indicate "1" similarity values.
As is shown in Figure 3, the whole repeated video sequence 304 is split into
several non-collinear black lines portions e.g. 308, 308, which are not single pixel
widih. On the other hand, if one freats each line porfion e.g. 306 as an isolated
repeated video sequence, one may not get the whole image of the repeated video
sequence, and identification errors may not be distinguished. An algorithm to
hierarchically connect non-connective line portions to a whole one is designed in the
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25 other, and the length of the gaps between corresponding occurrences
of the groups are about the same, that gap is most likely caused by
segmentation or feature errors rather than dissimilar segments. In the
s@mplesambodiment, pi=I0s, p2=0.5s. The boundary of the eonrestes ooz o
repeated video portion is T =min(T1 172 ), T =max(T1, T2 ),and T'
e?m@smgcaimm&mwma@gtd%mtgmbﬂaﬁtﬁ& RaP%EA using
') cted or.mer Vi ort e put into.a new
L e e T B R e R o e
¢lraingis e Rsren {81 RBsRdBE G ree st o terepria disosia)and
areaegeatetdaseti| tinetesis ronpoange bitinetgn theciiypahand ButRsitdisismie
BB AN RE UG HIARSHOLS o RO B UNIAK Frctic
.35connection algorithm is same as in step 1, but searching for all pairs of
TSR 0 PR 19 BTSSRSO e sBraeies i an
aftep Whilkdhe erideotelidenmoatis dhsetwinedsair soof veidaatedistedsion
pOrIgaS /MWy chmeans that at least two consecutive video segments are
identi%q%pvvﬁ;ggnirpet%n means ttr}%é tshreee% ns cutiye video units are
identical. THiS CONdon can reduce e posnR/Seee'l:’P&%',edﬁ?ﬁqg)%% too
stringefft 17 SURMEY SeFrEntain E2F SRRt eoBesting cepsteetbdroups of
theydrames aifityeoubpepies videpeseslines OGBRINRIERESDEFIVE SR start
ReARSRYRADE WS ERanEe dul Rt he WTIGULIR Bd (11PS 1.,
onsecutive, identical video units at start boundaries. Ste 503 Felaxed

StAE @aftish {508 iR FREFHIBHRRe feldedisl tidbeo SeqlichgeT . )

After step orghm ns gwlo i S
O tetont oo oF et P o pebiea Ao DALy

thye telvgerandemaino Be JomefShmilaliywiste pahiiitnenisagafisfapplire afeated
sSRR ARG MNMIO AN 15/ FRAME SEdiNdLeEE &% BRLhange in the output list.

Since the video data is non-uniformly partitioned, the final repeated video
sequences pairs obtained through steps 1 to 3 above may have different
IfefytHapiT 145 i tinte Tl omandrl thue 3 Ereof Aeumulation. If the length
difference of the two detected repeated video sequences of a pair is
2?reater than a threshold value, the repeated video se(iuenc'e's will be

rAgERGo50 % e F i IERHR JF tiete pRted el seftiendel isliiver

atdaTathiasheld yalueithgsgguences will also be discarded as errors.
Suppose L1 and L2 are lengths of two repeated video sequences

20respectively, they are filtered, in the example embodiment, if
wheare U, pare thresholds. The underlying assumption of condition 2 is that

if two groups of two consecutive pairs of repeated video portions are ciose to each
other, and the fength of the gaps between corresponding occurrences of the groups
are about the same, that gap is most likely caused by segmentation or feature errors
rather than dissimilar segments. In the example embodiment, p1"~"1 Os, y2m0.5s.

The boundary of the connected repeated video portion is _
Tsmn:mm(ﬁsm, T2start), Tend=max(”]"1eﬂé, T2€nd},and T’Siaﬂ=min(T1' T2

start stat’’
T’endnmax(ﬂ ’End, Tz’eﬂd). The connected or merged video portions are put into a new

list together with the corresponding start and end times, and the above merging or
connecting processes (conditions 1 and 2 above) are repeated until there is no
change between the input and output fists.

Step 2: Connecting single dots, in order to extend a boundary. The
connection algorithm is same as in step 1, but searching for all pairs of repeated
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where p. p4 are thresholds. After identifying repeated video sequence
pairs as described above, it is further verified if the video sequence pairs

are real repeated video clips in order to 25 improve precision. Also, where
KR BaHiE peated clips are identified, it may be advantage‘%ﬁi’é’%@%%ﬁ‘é\mf’
extend the boundaries of the video séquences based on the detected
VepGabRaisesT he Heenhidirsson st dropR ATiRRIB See Biiva daits of repeated
veefoe preiitrin, theicixamrple efthosimest imva fEamedaivéame §0BpAHRRN are
1@9&23@%@9%%%% 5.4 $¥ b&ﬁg&%{ﬂ%ﬁﬁg‘& gn%b%\t(g SJto verify

two re eate video sequences, the number of | entlca sym ols are

countet! PR ERD aTHES SR RARIHRARTE T B8 FettoRtingessingent for
Vifsatkedsyniboteibaoudes. tRresheddsdiertexdeyitensof the twedrpesied

SRAaBsesRASSYeElsalinn ﬁ%ﬁ%@ﬁ% GRS W Qynenronizea it may
geogygqgglg CET/SGZOOSI 003§ ’ﬁ] two repeated sequences
are S0 vertiot the e BeaRaS e %‘ﬂ%ef’eﬁwe PaiRPpeAaries. Step 2

%ﬁr@i@?ﬁ%ﬁtﬁﬁ@ﬁ@ﬁ@’bﬁ‘é@%@@fﬁf@ﬁm@ i ot ates sideboregqnehce.

- framegtespagtivelycofibotinne paates aaawasaaaest@enﬁmhcw%mep 2

MQ%YO%S%?@E}%%@&MQ 59‘@& rlé‘e%t@égﬁ&?ié eor moctarlrgsu%% glp% ?)S&B gmugh

non-identical frame is encoun ered

Bt YRk indialkes GtePpairscKiTh s Rl aﬁarﬁé@mam@btm dogairs

. THRe g bad findnstancebanghinstreantpdidised on combinatorial

mathes;‘wgéca@@r@eemgdm&w ﬂ%@&%@dp%ﬁk{%nbﬁ’v‘(ﬁé’%éo LIRSIANGES
not be mat g e ma be partlaYé matched becalse some
el A A A SRR SP AV HAde ATrERb e

|ns an €S Just a

e é*f%é@ﬂ@awhgt@ée @&ﬂamm@tmdmﬁ@s@mmmmmfm

wéepa&ee@m@@&?@r@&emm@am @@Hé@#%ﬂ%@.%%%%ﬂif @%GQ the
€, n r rl Instances,
R S g e e Sl S el

matched instances are group e to ether and are giv

ViHsQ ﬁf&éﬁﬂbemé?WSth?%fB Vé'h'ﬂa&ﬁrﬁ%fmq@%ageﬂﬁﬁpﬂhedrscarded
agamsitivitySvptweerl fepedtéd pairsidhgtis Afispairiaguih cigd, aRpdirs
rE R BER I iR N EM IR Al g grpyped together. Allowing

partial match, if clip B' paired with clip A is just a small partial instance of
clip B paired with clip C, clips A, B', B, C can be grouped together.
thwever this rulegan Eél encounter confusion when a repeated clip

'545@%@9 Iresoing, shoywn g Figure 5, repeated clips |, I
contain two indef&#&Entslib-repeated clips Il and I11. 11 and ill dof?k have

sub- reﬁ%ageg Sl}”é%%z% \’/]ivﬁlrﬁg repeated instances are It and 1lI', llI". I and I

will be partially matc th il and Ill, but I, I, Il should be glven different
labelsAftot ttentigime mpeasdvdois bedbercaspfallawingshmnsaeinark2 is

eRsriRedabeRe wdel%éaﬁé}% avaid thislop 588 éébg&é“gcr %ah.seirlangrt G

orithm in the examp e em |men

extraction and IabeII|

HaYeS Precisig, (i a%bel %eB’@&tBWuF&Q?FEFFbﬁWﬁ@é@ |€‘?f§:}tfh‘3% Fé§éathéﬁ
aq*veéta;ﬁﬁs@.sei\fwgr@mqate fspodteigpdithef dlips, sdcquadBs basaplde the
derezsiappingabeiyesnSRsImRddnsianees Qb ArRRRIed-liBSLARHClInG AraRr
P ERSPESINEIY: QUBHARRING Retwern twoygling XC Y is computed by: - e
representation is 4 symbols, as described above. :

To verify two repeated video sequences, the number of identical symbols are
counted from the start frame to the end frame. If the percentage of identical symbols
is above a threshold, for example 50%, the two repeated sequences pass verification
as repeated video clips, |
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overlap =min(right(X),right(Y))-max(leji(X),left(Y)) (6) max(len(X),len(Y))
where leftc), right() means left and right boundary, len(.) means length of
the sequence. WO 2007/053112PCT/SG2005/000379 14 If

ovezlappiages greater than 0.3, the two clips are grouped togetge;yitkrdig o
same label. The new boundary of th&instance will be expanded to the
minim %Hé%?é L I ngary of t ndidate
repe ‘tbé%é%qa&iyr_c%écli s%f%%@fﬁ%%gﬁgét@r%d ?r?étgﬁ%eggg%éﬁf%%so i irEJ ©
BESH L U GRSSHEHOB R FRYELR 7 (O AR IGHESS BlTeter o
ehdiiibess ofspettvriy oh btiimcereatednetititocsames idwmniche instdaneestindie
igroxanish Iagoer marmberiné ipriaasesomithbesmenges INa-Ins GEuURMiLh ;s
eﬁ%%lrl% ngmber of instances. Step 2: The above process is applied

red. ) . )
to candidate repeated pairs of clips whose length is equal to or longer

than 7 YRS TRE HARRshEP RAiFarifeiove e pRrthrasioRtisseith
awhi&. instatiedhis algedithng a lowenayerlappingthigsiheldistivsmebidbn
cg!% rh;} cg(ij%s‘ bngc&use art'ﬁl ove%a&@irb%i%assume to be mainly caused by
PArtiaT INStanca rather thara sub.repeated straciirs. PRFe & RYElorgme
ircltpscdbenayartappingatbresheld ivhigheytoeepstieaidantiiyiaceastial some

A R EOREHT LNy o
|

BXpRYRRIAREdBS B iEBr-BiaHE RIS B ot At BRd Beatagielip pairs
agmlgediifrshtands oniltiplealbovederie pravigesianinatamovedrsy stergednthio one
bBRkReg for repeat clip identification in video data compared to existing

meth and systems., 20 Mare particular, the example embodiment can

provig\eq{.s@olF fiﬁ%ﬁxg\?'gﬁuﬁlggn §Fin the e Seg}a(l;%befggﬁﬁ?ll‘ﬁgoﬁﬁ(ﬁf RyRRH R9ethey
apd ArfpaivemmibecsaTentaka Jhnlabsientiribadinadtha subrepistdembetiiment is
bémuﬂﬂﬁ@ea@;wsﬁﬂw"mv%éﬁﬂ%ﬁdﬁﬁa paskeyiames B%!‘iﬁ@%ﬂ%l@ B, and

13V o) C y.be.achi Thus, t resent .

o O i G e Sauhe, e e Al
padighpaldiidhligdPalier vaHiyfimivshd srirtientizbiesinnreseiony Rareived
wifbcolird§:, Tlipse/shBit Bepeatarides glippetd togtthave ldovidesr sk ruie can
eﬁmwcmsﬁbwWﬁti@%@_@s@@%b@&ﬁ%@&%@teéggaége&m&a% N As
. et{t\?di;iar(re trgbI%to i entgyt,all such srg)oirtsr rgﬁga ecﬁll%s‘ On the

other Rar BecdtRebi i ditrer SRMADSC o FERRIIE 16z i i Vate
289 e d anehldone Savp ey arprsiai slesdursictesiisdiratedtihasmes are It
afieXiRiliy. inaver ok BegisHeiNy entadaeddemtified tn, Bhar Wandshdhig be given
JFEANP RO AAMAL AR PIRYIUES & GRALRC QLA RUIATREIIICH BPRiZRo
dggrrjlg;ggggeef)f long repeatmps In video data.

To try and aveid this incorrect labelling, the instance extraction and laballing
algorithm in the example embodiment is as follows.

Step 1: Label repeated pairs of clips whose length is less than 7 seconds.
Given a candidate repeated pair of clips, A and B, compute overlapping between
stored instances of repeated clips, and clips A and B respectively. Overlapping
between two clips X, Y is computed by:
min{right(X), right(Y)) — max(left{ X)), left(¥))

max{len(X),len(Y))

where /fefi(.), right(.) means left and right boundary, /en(.) means length of the

overlap =

(6)

sequence.
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Furthermore, the example embodiment, in providing a boundary
refinement layer, may provide an accurate identification of the actual
boundaries of the repeat clips. In existing repeat clip identification
WetBa4Bhe systems, often only an 35approximate location RfRIS&2005/600379
instances of the repeat clip can be idéntified, rather than the actual
boundHrieerebthesifstpeaes thwi©.2003/0638 H2REGT (SGRO0 WHSB3T7 Rithhe
JdecaxsmpiranahosinRatrantdenibnrengaicd &B%%Hé@%%ﬂ%%ﬁ hm lett
§3<ustc§ance oJ a shn%%trru%t%ce}ur;l' e e>f( le embodiment can also t erate
sequance lengeh vanattons ah &%@W&ﬁﬁ%ﬁﬁ@@&ﬁ@ﬂé@é’r Iqéaser,
which €&AlHA ﬂﬁ@ﬁeﬁéff@@iﬁbeqmﬁ@é@,rédwh@mzdéne@ronmndmmmlm If
isetyeniaiomdBydRbelingshab th@h@i@ms@eaiﬁm&ﬁé@ﬁh%ma solatedie

gm&sm@w@ﬁg shigam, ﬁ%ﬁgﬁ% ﬁﬂgﬁ? A%%Fmof %@é@%#é acte,

units thus providing goo leve Jata analysis.
Py e R rabRne W&’@S}%ﬁem chart 600 for off line short
repeatSitted dlipidentitiqaticrsads ettt ameddap | epsabedimenicrtips

WEERCHOR M e We P80 L PesfPSHERY frame samplRg And Jeature .+ e

' extractlon i%peaBPL €0 S ore n a video database 604. The extracte
res

ver u‘r?g A0 v? e0 feature database 606. A hashing
modul@ 6B plertihms & lovalitpssiasitiog Hashivgl 6 tireifesdtifes sk clips,

Hmsbh@m@ﬂ%ﬁ?&iﬁ@%ﬁﬁi@tﬁéﬁef&ﬁiﬁrﬁ @é@a@wbm@guﬁgtﬁt% father
r eromsauocoor 1on
Cé?_IB %ngté;@&ﬂ% 18 @8\%\& %LQQ' t?‘le 8¢ éﬁ é’é’fﬁqt r&,eho!d is

ca culation on the 15 features remélnlng

higRsHitRyeRaY D Kisntilypudd sy intlansering module 608. From the
auto-coforstiowiealpe latiort, @ietatingmedglertd igcatesicantidaiased to

429I8tH W@!@Béﬂﬁé‘%@%uﬁgé‘} AfiRRGalgd video clip identification 614. The
|dent|ffed rF%ﬁated video fﬁ egs are stored in a video clip database 614. It
d

20 is hotdt RaPRRETRER PhA AT RobIe SR, hatetolbrtibie example
ecaihediaoh Aesdilled Ehokscaingrrmudales iRpmuerpestad ddeorelifod for
r&i@@tlfzbﬁﬁtlwhmeﬂtwﬁ PLére esrdniss ﬁaraw{s%gupgk%vw@&gsn@a@g
h%r@ d 5(3@ &g |cgt|8n gIrors in the example embodlments

vid eo&% now b ase BTH SR OV'{nowlgaareaB‘f ?HHer&%E?Eﬁﬁ
BBM@BW&@%%fﬂﬁéﬁr%aﬂl@s%rﬁmg%gm@éﬁ@@msc%pmmdggwsanon at
ragot legds Afdamonmdly/ satjting oT heknbuwetgadrabrseeldeamnbe
dam%%m tBﬁer%%HHéoOHa%PSQta\éﬂSQeﬁ"p?‘ﬂﬁé‘“ 1A Qe % W’dg%‘

collection, and jt will gpremate y a person s

eﬂowet "k SOWFRET C&Jat&ﬁa%% GNBROHAA Bﬁ@éa%i’i\{ﬁéﬁf&mﬁos and
POpstER e RS itiek dxpieniic lashboltimdal TéeiforiThten shtherdmewlddge

cHipsahase: maecamb@toﬁﬂﬁ &%&Qr@ tlgﬁe\tﬁﬁmgfgmga&atﬂ@@@h%'égﬁém?%eat
ent.as well as to separm ers used in feature
véﬂegtgegg%% \éllge aﬁﬁgnggﬁrg 5 Pc?n ca?cﬁ’l F&%? {4 PeRBRILEPSRIcErEip

identif6P6es hand frrsauisealihe \%'8’@@@1|ﬁ§§elt§e¢ftfﬁéhl"@ydh§iﬁca‘clon and
agipagitaties desditedidonce ok iahalethaoslnsiENeeOVMIRYIRSthe clip

stelingd B Qé(%d'@rﬂfﬁ@&dI}{igﬁ%%rj&ls,tmchm&gi%%bodiment also provides a
coarse granularity which enables identification of long repeat clips in video data.

Furthermore, the example embodiment, in providing a boundary refinement
layer, may provide an accurate identification of the actual boundaries of the repeat
clips. In existing repeat clip identification methods and systems, often only an
approximate location of the instances of the repsat clip can be identified, rather than
the actuai boundaries of the instances.
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35module 620, and the results of the labelling are stored in a video clip
instance database 622. WO 2007/053112PCT/SG2005/000379 16
The system chart 600 in Figure 6 is arranged for a stand-alone mode of

oaseiadianrsinthe stand-alone mode of operation, only one vide@g@igoHaRids o
(from the video database 604) is rectived, and the repeat clip

Identlfﬁ@l%&ﬁ@%@ec@f%@%wr@éﬁy@n cekiatian,{sep mpdule 10),
This mo n|t| ed with en video content collection In
SINBRTS A E A HSae RS e TR A B gponce
f@&@tﬁmmé?émﬁomm@m@pc@ngaw Is&Bhesaterdesdnosptatey ikt eainbe iche
@f&@w@m&@ﬁﬂﬁﬁﬁwtmm@ﬂ&mﬁmﬂéﬁfeﬁMﬁﬁﬁmg the
f&%éé%é‘aeéf joleqigat ﬁ%%jj%o?é%%t%ﬂo?sar Mo %“cﬂeo Gross-correlalion o rted
lon 1S peérformed to identify repeat clips etween ther{wo &e
“Efatﬁ‘ofﬁ fﬁ%%&#'|ﬁﬁ%@§ﬁ%@ﬁﬁ%‘%&%@?ﬁd@ﬁ@ﬁi§qmﬁé level video
cstreamipgjsvideo input can be identified, as well as discovering unknown

repear:w%%qé'%%&éh%ﬁ&r&%wmaﬂg%%w&hm&ﬁmﬁm short repeat
Q{g%ﬁl))oglments of the present invention can be utilised to populate or

PR AR SN TSR RESSXRMER ETPRURR hs AP rErERGHRR Morkfy
802 epdemdder-thpddmmifintiond Fotutdsxagiseriirevéleaniped in a video

@@b@ﬁ@@ﬂﬁ%@@%b@@ﬁ%@@g@@tm@miﬁ o&d@&h‘ﬁ@ﬁ%@sﬁm@%e
repea Q Cll It evant dat tored.in the rar

durlngL'avhn |n|P gl sﬁg%’emgg stt %rr(f:]rsegtg ?3?' N? has‘mn Xféﬁe ?ea%r S
Tae hatfiinertadds §pevpladiadhn E%ﬂ@m%menﬂaéwﬁf@f&rep@am
coidetielipandatissaniaiad datatane eelyosieredindoeribsaraiediareon the
fgéﬁt%%%m,p eg@v%wesxeésﬂﬁ RN HQgﬂrN%l%'ag BaegeaBLMe%era“

may be 20 emp ed for updating or malntalnlng rary

e o e e 61
!mmmmtaMWﬂwumd:mmfea‘mt@repeeseimmnph:aphdmgatlfacat:on
dupction etc. The adopted keyframe extractlon method and video features

in theﬁ]xa@& Fﬂgénr%()d' e%nt I?é%pe% dentlfj atl%{]ﬁ (§ LF% %%:1%4. "

i
program |0 0s, com ercas CO or f‘ng‘é

'wﬁ*@réﬁaﬁ @aﬁﬁpféﬁfw HYBNED OGRS %uwmak@éatme @@Jﬂém@@nnnmsé@
atienkheatipmagproadl soalakietadargeaddan codestiansn ThedsRI¥eACs e

dbukliog f?:”éjJHSBgéﬁgg AlgRilm 8%&(@8' 'Vf&%@&é J@(& ameaaastion

errors and feature comparison errors. T e descri Verl IC&tIOI’] stage can

U SRR e siEE SN waPde’t'%%ﬁ:rFﬁEﬁﬁ‘?@’l%ﬂF%é*ﬂ?@?ﬁ%tﬁéé é’PFd“des
keypsiedgefdhehexavise efipbcaliperiecanddwiplereptedion alcomimiksics,

sﬁ%?ti@ mgBQOprahglf@megsgl&* W &iigare. ik m&%&g%ﬂ%ﬁ%@%@ #8an
SUcC sacC er I eln cuted witnin
bggnmw%ereéj %?et%n f‘(z)ﬂJ (l;] ?r%%)c%tllln%ot corP? )éﬁ er sy%'fe%%fg[%o content
C@B?Fd‘l%t ﬁﬁ@ fretthbel %?RW@%@&‘rﬁiélé @@fﬂ%oﬁhdl@ﬁtmssmaé bempst&neyisdon
dRbaamprEesa cempukeryaadilon’ 0 ifpuli BRS SURHASHR example
@&%&qtqu\mya%m and @ plsality efapiautdevices suchas a

display 708, and printer 7
discovefing repeat video clips from a given new video content as well as fo choose

parameters used in feature detection 602, auto-correlation calculation 610 and
repeated video dlip identification 614.

The repeated video clips identified by the identification module 614 are then
labelled and instance boundaries refined in the repeated video dlip instance labeliing
module 620, and the results of the labelling are stored in a video clip instance
database 622.
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WO 2007/053112PCT/SG2005/000379 17 The computer module 702
is connected to a computer network 712 via a suitable transceiver device
714, to enable access to e.g. the Internet or other network systems such
X0 WeAPHiéa Network (LAN) or Wide Area Network (WAN). BITF&G2005/000379
computer module 702 in the examplé includes a processor 718, a
RandorhsAgscdes MearriobfQ RARDYUT2 @ an@rsaReed] fonly dferdarp (R Oldde of

dRatidne wm@aﬁsﬁfm&«a%@a gi3pdnaludles i BUEAGL OELPHIRAYHIL the
\gl/og |nt rface rexam Ie /10 |nt%rface 7 4 otgen?s laf%b% and I/O

in erface to t Boar OTRE ComoNSAtL G Bén an
?H@d%ﬂé"em@’tyﬁ?é%ﬂ?’ﬁ@ﬁrfﬁ% Aedwe\iAtin iRt roefnécted Buldihpgsad dvith
ghannegénaunttaithoipemoniskiledrindhedieieyant ateat vidéle clips in the
i uter
AN XL PLGIEh DRIEDl SHPAMRRAR D 9Es B KRR SR gt
246 1% W&Vd’é‘i’ﬁ&grﬁﬂﬂ'i}@d@ﬂ?ﬁ@ﬁ@ea% HEep 3Raimy theratieter ateo
m@dnjmﬂ dhveioba databsteragside\eoeyl 30dThe@pplicatitmi@iagianaien is

ﬁ@@&rﬁ@@itfgqaérrql#wéaetﬁ%ﬁé@%&w&ﬁxﬁ@lﬁﬁwﬁfé iﬁM 48 %gﬁs%ces
rage o [ accompl ed usin |ue
B R e T S e R i e B oo st i
Jis ARG Atk ervb rerrptyider slaniplacsipaainevideatispep 802, the video
data iFpasttinoed i@m:eaﬁeéa@viﬁiem@r&t&wﬂisim&mete%hagsdutmsed to
!'égl‘éngr 85?9 T eearteU]dggcal Qr}é@t &%‘&E’”S?go%éi% usegczeef rence

Interval be een two OnSGCUtIVG rames. At step consecutive

'&h@@b*ﬁﬁﬁ%eaw'aﬁeufa@dqﬁ'eafeﬁtéOﬂm O NSBHT DRSS 0 18R GHATRIsEmbagizes)
18O6bthmespedtrchpringtaincaschrevaty identifetrbass didacasieladinn refthet

ea segmantsine. 1.b,§f@%9l&§m99mﬁ§5ﬁmma@@gt@ﬁ, %685{%”%1 G000k

ideo cI minin /or method to aytomatically discover ort
o HEe R O TR0, RO TG B ZFRHe. M which

léwaf@ﬁtrypsaéarﬁpre@mmmgt@@dqjmf@lerw@tarammhmmemm Bre
dmisag ﬁ@na@wauwcmmm@bwm aie lea@p MR fidls BFRYRIIRIRS) be
?egl%?% égc% 99931 %\{v%le%git N d-outs and many other diverse
eocl

repeat <'¢an be mined under the proposed apparatus and

meth any COEpaR} M%m&% ﬁm@@'m@ah@f%eﬁgmw A@ippngUeh as
thedelyipaoaiceate inrtonetioe|aticendbaiveorsprapishitm taisahgrivicdee ¢ip

TRNIAG @ab@ewg;@tbs&a%ﬁom%@vmamw%&&%ﬁeﬂ'%é L%mpxe
in ta ce, hundred hours lon eo.content, in a few seconds.

Ffﬁﬁ 6*?*&‘“3;%6?5’2)6%65? @“_’i@ results on program logos, commercnais

LSH of color fingerprint helps reduce comrelation complexity up to 100 times, which

makes this correlation based identification approach scalable to large video

collections. The sequence linking and merging algorithm can efficiently correct

kevframe extraction errors and feature comparison errors. The described verification
stage can greatly improve precision without sacrificing recall.

The method and system of the example embodiment can be implemented
on a computer system 700, schematically shown in Figure 7. It may be
implemented as software, such as a computer program being executed within the
computer system 700, and instructing the computer system 700 to conduct the
method of the example embodiment.

The computer system 700 comprises a computer module 702, input
modules such as a keyboard 704 and mouse 706 and a plurality of output
devices such as a display 708, and printer 710.
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Example embodiments can be used for various short video clip mining,
including TV commercials, program lead-in and lead-out, sports replay

logo, ranging from less than one second to several minutes long.
Bamplessmpbodiments do not use black frames for TV commaetigidSoos/ooosre
5detection, therefore it can be used Worldwide in contrast to most of the

EXISteﬁﬁﬁﬂiﬁlﬁﬁﬁt&Brnin@:@mme@l@&ﬁﬁ&i@@h ht'ﬁﬁafcoaﬁg%@lﬂ W&wvork 712 via a
ime ise_locality sensitiv lashing of video ¢li eatures to
dﬁﬂég ?gn'{% gﬁ‘tg%fﬂoﬁ% gos? d‘?agflc:em%b Vv, up ?o Bgiﬁ IR dher
%W@%EYW%SB%p%@e@ﬁ%tﬁ&?c&’ﬁ%@fﬁsw NPVl ededletwork
(wghegtion in real-time. 10 Example embodiment utilise non-uniform

extracied key-famenangdh ek calningarmpnt ,ﬁagd% gggt '&gh%@r

Fgedge at short vi o cI| m|n|n to achieve both robust an Icien

AN rE Al {i6hEY &:3FARIC e NEMAN B TE; blie
%m@%ﬂlmﬁ@d@t&@e@mﬂb@d@)plmanbﬂsqlhmwwﬂlﬁpwwmmﬁdfaces, for

~ @RI iMREcDVRR (hame agdia Tereniegh Ieehearient 726 o the

k%&%gggg% MPEG7 metadata creation and personllzed media. Example
odiments can be applied to video structure analysis. For example,
many T SeIBABSANE WAIKRR) SO TIRSERF SROREIRJER dipisBiforenunaticata via
gor bgjemcorsestion heischzasdinainciahaimretmews rdnibepixeshhirade asting
rRiQQrams such as everyday news programs, to indicate topic changes.
These_program 20 sections are usually consistently arranged in the same
way fdr Giff BPYARTRR Lrog e biPieplfidiPBliathie, %ﬁéﬁéﬁﬁr‘éf e GyRmbeE
syRsmVvitigo atlipsied sotiatddtwithotagserprdigranssgctens Wit-Roafaliomssh -

nﬁ@a«am\pe&egﬂﬁée@ i@l df086eR dﬁdﬂiéﬁ%V%tﬁ‘Qt&' gé%%mf&h@e

o tvdeo cli S, th d§8rr pond| eo structure can be reconstructe
S ome o?ﬁ% eSiGes cl S gy %é P8 PERFLALR A rRdSMRliedin its
e&ﬁ?‘%’ﬁ’ﬁo@l‘éﬁ?m@?ﬁﬁ%r%‘ﬁ}ayfﬁ@fmai%@’@fﬁéﬁf@fGPme ddieretayee
asnenpiyhed eshgeveraldays' programs over a fixed time period to
disco ch rgp&at sho o a videq s ucture an S as
foIIowY;%Lﬁg %ftgr ent% f‘r%magngét Ieﬁg ‘f.n%%ééc ttén s%on} eo cﬁlps‘?%in
it é‘&?é'&'%n’ae‘(ﬁdaat%%|ﬂﬁcm@’&<§}rﬁﬂéﬁﬁ}ﬁgﬂﬁﬁéﬁd6@§&lB‘é@tﬁér&ﬂ% the
vigpredaiadsarmwiitoran becddptetiadden artemyitisalpuihtortibuedis&dbRame
smﬁﬁtﬂﬁ@svﬂféﬂ‘%'%‘H&H‘Q%OTD%%&%@%S&%@J%@@HWJP&’ €8 two

tr ctuea SIS |fth eeX| tajgle tem oralsr ctures formed by one
c%rér'lnor({a of [tgﬁ%¥ hoTt v %qléi?r%s?}gncé’é?e R t}g’F@f@f?e?f?Bf%’ into

_ Oﬁ?aim-mrfﬁqevhe@%omammhﬁ@a;wa@tﬂme&ﬂaemama@tsﬁmmtms are

icRealiRaD e BHOSABLINES ChayrRrIeHslaseRE both of the sections may
further he %rl O%Smen g(tcg%dundant and tr|IV|aI maﬁker mgtances are
remove 008INg the remaming of S|gn|f|cant TRE LS Giive ARt

aﬂ%ré?%oa@a%h% tnevierstisalicdissoveryitiddeeshvivey Srmussts thiom
ladgityvitiesariieciestatcistieadt tstictagipf WO
2007/@%&?@3&%&%1@9}0%@&% the Agdgs nay be referre togﬁr%ﬁg

R%%rlabels and the nodes are temporally ordered in t & dirscted”

TN BEHRE MigTEn OU PRI HIRAIS: PHRRERTE dPeye PetRearRmaralay
logndretgdaadripuesiingisidingniang distadcerisetsheenadheatwinidnstincemas

mu@a@a@mmﬁsgé@a@tafﬂ%%aﬁmciated with the edge. 5

Beca%sg di tancg etwte n.ma instances ip, different day

programs ﬁ}e y have S6ne \j/ellrlatlo g%) S 583’8?535%8 B%?Wé%ﬁ?ﬁ@*ate
amgﬁﬁfé@fﬁ{ayfb@dsge%ﬁ@?@ﬁesgd@étme@ videoaglimnfeinied sembrsfigie(uy
penfertireCtedglane) caldhesiagianpling insteud eBORIAsHVidRRsPIIY ato

SRariamaticaly gact and index different topic sections. 10 Again,
instances of marker short clips are first searched in the new recorded

video program, and a directed graph 01 is used to model the temporal
order and distances between marker short clips instances. Next, the
nodes of G1 are to be registered to the nodes of G. Constraints of the
registrations may be as follows:



10

15 .

20

25

30

35

1) One node in G1 can be registered to only 1 node in G or null node.
152) Any two nodes in 01 cannot be registered to the same node G. 3)
The temporal order of nodes cannot be changed. The registration
algontinsmmiy be as follows: 1) Get a string representatiorrof/atbibms/o00379
ordered nodes in G and Cl, denoted By S and S1, than find the longest
comméresuileseqhediesntutoaall ROpessilite atgoniesiphenyesntberueg
TSNS AN el g ip {;}L 20t CO te the difference
fOf ]'%il (Sagq'st%?j' gi%{vé\jgéfg%%r@ g%%&iﬁ T Eg@a%gﬁéﬁ'esrégtﬁ%{%{)c%ﬁe%% {Resine
est

St O AR SR P EYE BhBLLH eSS Y|stimal registration. 3)

Sma
After registrigiosnibditirsheld, videoostremmibegmeatationids aIS0 commercials

2bectiomatisaltraccemplizhaskin suakvaienasBRle.smBadiveent me il

Bgtﬁ}%%r%?i QOFXH% RErsQ et%@!}ed in the art that numerous variations
and/or modifications may be made to the present invention as shown in

the spedifirEnastnriBRtdsHiter togalergithenh shbingpisit et olfrefedttines
tmmni:ercmmneamﬂxalaﬁﬂesmﬂaeafﬂ}hemtemtimﬂa%sﬁwaﬁaﬁ%é%rﬁ‘é%&
' in all N tiye and nhot.restrictive. 20
R A AT e
meth émﬂﬁﬁg?ﬁaff%%ﬂ&iﬁwﬁma%sﬂﬁﬂ@b%gﬁ&wwémmé@h@m@gzor
fingrsnigicentesednaddkayha e rspeaplshgrt widere itie athivid@osdRidve both
rielsides amaaHanre dntRYalRetween two consecutive keyframes;

' ' ' i ime-indexed vi
grou pm%ﬁalﬁo%sst 5¥v8x%%]p%ee %l#rg'f:\;/éad 1\:/1!1%?1% ‘r'n%sd g?tgu? g?et no%a !imidtgd ?c?, sec’g ?gp

box applications, network server based applications, PVR, DVDR, home media
center, video content annotation, MPEGY metadata creation and personlized media.

Example embodiments can be applied to video structure analysis. For
example, many TV stations are willing fo inseri short video clips before or after a
program section, such as financial or sport news, in the fixed broadcasting programs
such as everyday news programs, to indicate topic changes. These program
sections are usually consistently arranged in the same way for different days, at least
for a period of ime.  Therefore, the syntactic short video clips associated with those
program sections will aiso follow the same pattern. As a resuli, if one can discover
the distribution of the-short video clips, the comresponding video structure can be
reconstructed. Some -of the short video clips may be repeated several times in one
day's program while others ma.y be repeated on different days. Therefore, one may
collect several days’ programs over a fixed time period to discover such repeat short
clips, and conduct a video structure analysis as follows. '

After identifying and labelling repeat short video clips from the collected video
data using the example embodiment described herein, the repeat instances can be
plotted on a temporal axis to visualise the locations of the instances. Those locations
can be exploited for video structure analysis if there exist stable temporal structures
formed by one or more of the short video clip instances, which may be referred to as
marker clips. These marker clips divide the video data or stream into sections, and
program types, characteristics, or both of the sections may further be derived.

Next, redundant and frivial marker instances are removed, choosing the
remaining or significant instances as segmentation nodes to describe the video
structure. A directed graph may be used to fully describe the structure. Attributes of
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segment; and 10identifying the repeat clip instances based on correlation
of the video segments. 2. The method as claimed in claim 1, wherein a
fingerprint is created for each video unit, the fingerprint comprising a

GRMENRIgkaged feature vector. 3. The method as claimed in G@ipkésoos/000379
wherein the content-based 15featurgsvector is based on one or more of a

tag%g@maw@qeceé@esqlﬁgsceﬁg%ﬁe@n Jraags fis %}95 DA SN SpLlenan

and motion activities of the video unit. 4. The met |me in‘any
BRB LR LYo & Wﬁe‘@ﬁ%{:%ﬁ@a’ﬁ%ﬂ%@@of‘%@d%@g%@ﬁ@f@ﬁe
hetwempubeideeralondgs dérivettddsddding dimandisttovcortelatian ohthewo

Mgﬁa@m@ R o8 terparel deaturesobinastime-2Qindexed WideAne eqge.
Seam és and tth% epeat cli mstlance are |den(% ified from the correlatlon

AT & a% RE me& B LRIPORE d7 GUIRRE €5 RIS Kav

*‘@&ﬁéi&ﬂ@ﬂ%ﬁaﬁm iasasegirtansiniverd ifdrelarirpsuneideesiisd as
tislesiigohBagsed on cross-correlation of the fingerprints and on temporal

featurgs e afimesqerecyidan seaments, and dierepeateli o 1,

instances are |dent ed from the corre atlon ma’
ARV AR Ay 8, %F%P@iﬁ%{hémraﬁt%%tw@érmﬁa@m%@@m@ﬁ@qgs.
Agefimétbas@biviananaiushotittlion erpdisbéedertiichinvide aeegB@RISd video

pROyFEAPARS deiRlemeRtach &Y the.suTslation rm@tr@aq?ag;t&%éogﬁm@{a%'&eé
A R R R S Y SR s UL T
the nodes of G. Constraints of the registrations may be as follows:

1} One node in G1 can be registered {0 only 1 node in G or nuli node.

2} - Any two nodes in G1 cannot be registered to the same node G.

3} The temporal order of nodes cannot be changed.

The registration algorithm may be as follows:

1) Get a string representation of all the ordered nodes in G and G1, denoted
by S and 51, than find the longest common sub-sequences with afl
possible alighments between the two strings S and S1.

2) For each possible alignment, compute the difference of time distance
batwéen align nodes. The alignment that achieves the smallest distance
difference is chosen as optimal registration.

3) After registration is finished, video stream segmentation is also
automatically accomplished in such an example embodiment.

It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
describe. The present embodiments are, therefore, fo be considered in all respects to

be illustrative and not restrictive,
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7. The method as claimed in claim 6, wherein only the time indices of
elements "1™ are recorded in an array while the entire correlation matrix is
not recorded. 8. The method as claimed in claims 6 or 7, further
comprising 35connecting line segmentsn the correlation matrix, each line
segment comprising diagonally adjacent matrix elements of the same
Clualgs"1", for identifying the repeat clip instances. 21 9.The method as
claimed in claim 8, wherein the line segments connecting proceeds in a
hierajchicalwayysae tginierastingliakiedingisegrmmgswithvidiengaiR dre
mfiltrg{t3 %gnecltsgg followed by connecting less reliable line segments with a
Feng n=11toe pand a line segment boundgr , SJ}O.T emethog as, ceq
ClainEAPEIBMEE S, dF1B/BIR HEBANBETHG BT HATRE SEUmERER
kdyasat osaateimmorah estdtioneoh thédass golhtEg vitiso Bedrmiifiss. interyal,

bél{@gfew%og)ﬁgeg[ﬁwm@%ﬁnehpf cltaims 4t'to :SL_O, furthe[ comprisir;]gi%
performing a locality-sensitive ing.to. i ify. fingerprints re.
AT P B LECL A A e A CEJa bea
sagleprentsdf the correlation matrix only for said identified fingerprints. -
12. Themethpdas caimedin claithds whereinthesfingdiprinfstheevideo
transformed into a bit string, and the hashing is applied to the bit strings
S?%Qp%nding to the respective fingerprints. 1513, The method as claimgd
in and: one dhelaiRiBeras1SaiRALE CoHbAsiiFEIR LR RNt 'S create
iofrasar-ydsame, frante deaitine ompiaiison winthetideswifitd opesctiip
instagces tq.yerify said repeal Fipdnatanges f, aHerRRHISOLBeARESsIS
‘above a pre-determined threshold. 14. The methfod as (r:l"éinﬁ' ed,in
fealuif VESI90IthRRCSh AR FIRAIR NG S B Ey S anie BSundan
arekpansiosidorarerified yepeataighrnd netinn activiiss Phémddesd el
claimed in 30 qfepbalamadied 4 furihensamenising iakeliguepen 2
clip instances as bejonging to same or t J ] t
SRR e L B e

associate

ovide soepErRieion 31 6IFhBnaRITBHSa A TRPEH RS (lethe time-
inBERE8UIRE S8 Mments, and the repeat clip instances are identified from the

correlation matrix. _
L B The method as claimed in any one of claims 1 to 3, wherein a

. correlation. matrix of video segments from two different input videos is derived

based on cross-correlation of the fingerprints and on temp'orai features of the

time-indexed video segments, and the repeat dlip instan;:es are i&enﬁﬁed from
the correlation mailrix.

. 8. The method as claimed in claims 4 or 5, wherein a similarity
belween video segments is defined as a binary vaiue, with one pair of identical
video segmenis correspond to element “1” in the correlafion matrix, and the
repeat clips are identified from the observation of those identical video segments.

7. The method as clairmed in claim 8, wherein only the time indices of
clements “1" are recorded in an array while the entire correlation matrix is not
recorded. l

8. The method as claimed in claims 8 or 7, further comprising
connecting line segments in the correlation matrix, each line segment comprising
diagonally adjacent matrix elements of the same value "17, for identifying the

repeat clip instances.
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wherein the key frames are identified based on a content histogram of
each frame of the video stream. 17.The method as claimed in claim 16,
wherein the content histogram comprises a color histogram or a motion
histogram. 3018.The method as claimed in any one of the preceding
claims, wherein the video data comprisés one or two video streams.

19. Bhe methedasielainmediniany onectiithed pretedingitiiline, wdemeins

the vide ' oL twa Staedaidep soliagiion fala
o g o el oy %’f*ﬁgms {1 erey e 30
|

wijicedeaata sompiRsBEbAETSET QLY Gl LG BEEE ShfFsha™
segieam wik 2 knjhe-methedpas chaimed dgranayt doerofatye preceding
claimg, Wh%ﬁ%'mﬁsﬂegg%ia@@ﬁpm%i@ endingnin&epiiing naeHheor

method as claimed in a% one of claimssl 10 %Ohwt?etrﬁén‘atgg mettehé)dvggeo

they dHErFREERiNG. 535K BT IENIRIMG Tepeat dlipinstances in

seqeeaata, the system comprising: a partitioning unit for partitioning the
videg data-fito piderssl Mideammnits wilsingsenientiaasedkeyframeurther
sampling, wherein each video unijt incl ' I

a processor for grouping at léast two

wittmsepttiveterddoegh HisiateoieTinesHadRal Fork GYelRlne: alsams of

thédeniifnehtharepaal qip daptaneasibasadeopriotsrelation of the video
: Segr?f.nts'The method as claimed in claim 11, wherein the fingerprints are

transformed into a bit string, and the hashing is applied fo the bit strings

corresponding to the respective fingerprints.
13. The method as claimed in any one of claims 4 to 12, further

comprising conducting a frame-by-frame frame feature comparison of the

~ identified repeat clip instances to verify said repeat clip instances if a comparison

measure is ahove a pre-determined threshold.

14.  The method as claimed in claim 13, further comprising conducting
a frame-by-frame boundary expansion for verified repeat clip instances.

15. The method as claimed in any one of claims 4 to 14, further
comprising labeling repeat clip instances as belonging to same or different
grbups éf matched repeat clip instances based on a temporal relationship

between the associated video sequences.
16. - The method as claimed in any one of the preceding claims,

~ wherein the key frames are identified based on a content histogram of each

frame of the video stream.

17.  The method as claimed in claim 16, wherein the content histogram
comprises a color histogram or a motion histogram.

18. The method as claimed in any one of the preceding claims,
wherein the video data comprises one or two video streams.

19.  The method as claimed in any one of the preceding claims,
wherein the video dafa comprises one or fwo stored video collection data.

20. The method as claimed in any one of claims 1 to 17, wherein the

video data comprises one stored video coliection data and one video stream.
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24. A data storage medium having stored thereon computer code means
for instructing a computer to execute a method of identifying repeat clip
15instances in video data, the method comprising: partitioning the video
data into ordered video units utilising centent-based keyframe sampling,
wherein each video unit includes a sequence interval between two

consgeutiverkeyfrathes: groajsingat lea@tiwdBoRtdRaHIEFRINE Uit Rto
wRDelime indexedvisien RA:egBientandsidentifying the repeat clip
InStaggfa S b‘iahsg %-}g%ggrg%l%%%rﬁég m%é{&d&%&%&%ﬂ@q 35 20, wherein the
method is performed off-line.
23. A system for idenﬁfying repeat clip instances In video data, the
system comprising: '
© a parttitioning unit for partitioning the video data into ordered video units
Cti{ising content-hbased keyframe sampling, wherein each video unit includes a
sequence interval between fwo consecutive keyframes_; _
a processor for grouping at least two consecutive video units into one

© ! time-indexed video segment and for identifying the repeat clip instances based

on correlation of the video segments. _
' 24, A data storage medium having stored thereon computer code -

" ‘means for instructing a compuier to execute a method of identifying 'repeat_ clip

15 -

instances in video data, the method comprising: |

partiioning the video data into ordered video units utilising content-based
keyframe sampling, wherein each video unit includes a sequence interval
hetween two consecufive keyframes; .

grouping at least two consecutive video units into one time-indexed video

segment; and , | |
identifying the repeat clip instances based on corretation of the video

- segments.



