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Repeat Cip ldentification In Video Data FlI ELD OF

| NVENTI ON The present invention relates broadly to a
worethosBiand system for identifying repeat cli pPCT/SG2005/000379

instances in video data, and to a data storage nedi um

havi ng stored thereon conputer code neans for

| dont | 1yREPERE BB eIt ShoI1A VEle@ e,

BACKGROUND Di gital video has becoms very popul ar, both
at work and at hone. Due to the rapid advances of
FIELdDR WWVENTI@NINI cati on, and sem conduct or
t echnol ogi es, video production, transm ssion,
re-production, storage and sharing can be perforned
Wi t Mheasesantd imtenkion rsdmtas lbimlalyeto a tmémodoandb&qmtémgfor
te,lar
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oo Blnoh b pRERER ) 4R B R 5 o
ha\erﬁg storeehthbseoardnplutes cotey aie;ans E-'@ﬂnﬂmwm e,compsiter ¢o! Ex&ste a

I al dete th are based on
mefer R TR rapeate s Pifhelen Bidd T o cor v
commercials, including the algorithm described in

j tes Patent No. 6,100, 941. However bl ack
BACKGEOUR -

efore and after TV comrercials are not
uni versally practiced, for instance, in many countries

0 0 0 oo B4 B o SRR 600 e
rapéxbadmncésabfscommltefet:@nmedl,camdnayand aemipendiditretecigtolqgies video
pro(a[lctro%p#rgﬁsergls%+ hreo r U(itlé ‘ﬁgrragggagﬁgﬁth%riﬁigg{}g:eg%ﬁrtggmed with
ea:‘@eemd ekl faat. IdeWthn ib s nbw'Bécémmgemrdhall Isovb &s selarolm, retrieve
o A5 R ot SO0 8 S Mty anc
effeddivelg0040201784. TV conmerci al s real -t| me nonitoring

Sysggﬂ%ﬂﬁ% A5t SERER R Borh ety ta%gecg&gta@%np ?rée 1S bggfzd on

ore signat ur s, Vi
deteéticn gfrldaek frarees betore)énér ‘dfteoﬂﬁtmommérsnatso utmhxdmgn’uhemimnhm

des;/Elpigg% frf@ﬁifegz%t?%%t PHtER Y. B r eﬁ'om‘?%}ep b%c,? rfr%ﬁ%% %%tfdrg %nd

y 1 nstarices of the
aftertTof esminardidie agancivaiversally practicayl, farsmsiariog, momemy couaitries in

. t i ' '

PS8 R o 8 BB i 58 Fof gy g
progamse x t Oees & eeimonessialarare udatercted) thewi canc bassther ekipped or
i. i s wWth

erEEE S A TIRO B AR DS OB lALS Y1
cl abuithidrmoee, alkio aitatysis kst leean weedoior detestiirt oicBY icommercials
chni n
baste% J5'r§1 t)ﬂié fa'%tﬁde@%ﬁ Y glnsﬂ'eﬂcgéé [J%b 90:%@%n§§4 )éaﬂn Iﬁ)ubhshed
Ummct &tat@rﬁatemtﬁmhcatnoeﬂ\m 2he402047%4. and t he .

' dem nﬁ@é ﬁj};@t'a?-ﬁﬁigqﬁor‘(l{o%nb AS0fhfey s 586 RRA ik Vlited
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 with a
broadcasting video to identify instances of the TV commercials stored in the
database.

Learning based TV commercial detection is described in published United

States Patent Application No. 20040161154. Visual, audio and context based
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match the reference data that represents what is being

"l ooked for". However, beside TV commercials there are
w@ehensiypes of short video clips used in vi deRCT/SGL00FD00379

production, including news %ideo, sports video,

n cli
reali it B LA b Yo Bhonibi o MRS Sofud il acbl RERpE fercias
with sifipoding veckor mmhluee (RFfMponatblerpatteneiassifieFor | nst ance,

a I I
o g‘gf:lés %f%&%%t@c{tgﬁ S8 ?{aagglﬁ%(atloﬁ Qegﬂr{h&eg Pé baé'esdjﬁlll Ed%ntlfylgp the
relevenisportignsy ofsthaaligital vidao hle“pugegrmmpansm with Fantifi@ialt heference

datd e%{Eg{Ne lﬁelﬁtmeéﬁonvérggé’e ﬁ@g Iderr]]’ﬂ& ng t‘ﬂé&i ggrtth}@ ﬁyﬁ'\%dv §& that

ate t star

ma@égmnsmferem@edﬂta that n@orm what is helng eolestforig i nst ances

of v, t I

o 0S5 ISR B8 59 UREE s NG o i
useslug widrenednégnd orefsiction.i ineluding alews siideioc aportm viteg hidogoestary

f e

w25 8 b by ISP 409 5B ekl 66 Yren
(SSfE@D tp hadicais pe catiugkireSSiEsa  videoc progeani.nperadtstaree, @i daily news
pro%llrglgnS le%{yg ?SRVW%E%M OLs&’alqu Esegg e h%ﬁ&népr%'e\/\ge local news,
finangigbmawsy spertsingwsy megtr@srisgmarsts ten Farp@oba@gmnbasm vdeo
Ieac?/ Iﬁﬁ@”ﬂe %ﬁt i erse&i @f@?ic%%ér l(rlelg s"t&ﬁﬁ@é@cger‘-{aﬂ@?@e th*ﬁP? gggrlngnt.
Ideptfyog %%Es @éﬁtﬁhﬁm drjectivg Lisbtanesse af dok \GSFsoins @quide awntent
colib&iohNary ind mﬁsé?ﬁt T & Nided BaRehd Fé?@évfa Nehd %Bﬁﬁrﬂérﬁ’ﬁﬂed

sequences whic e a predeterm ne aracterrs
de’f@ﬁj@n Qisclagsdigation, tewgnlguas: larg of fiwmied Pge i tidextifyingKEBBaagince
the;?treeq;]lltu;ef Ehggﬁflgﬂélnﬁérgﬁc%gpgtgl té: gt.ﬁ%gﬁl%‘%réefb?ethe respective SSEs,
whigh ieimpragiigalrgjverothe le@@omyletymf dlffserentziass et ga thedorasent in
viddE@tati me repeated video shot identification nmethod to

detect repeated video shots based on a col or nonent

f eateddigss Keiy prebirms reqendly ndentting £$Esehass bgen @pproached
oSG Kiod ) RSN Mo USRS . 1o oiver
worpg,cthe GSESIe identilind bassdoniifenttlyingaetyalaspeaied video sequences
in thé%@%ﬁf@'ratHéF'tﬁar?fldér,Eﬁ/lﬁgd%Hsbf \'/l&é’& Is@Buerftes AwRibF '(“ﬁa'i/e a

his method | nherently cannot 1denfify repeated Vi

pre@@ahnén%ghad@ctan%@ughas ideatifyingdiarkif@nass on t he

| depyid Ei atkn® 'Puﬁf eh1d9RF hﬁ’\"esrepéé‘élé& Digks s@ﬁﬁém?erlﬂermﬂf:&on

difficult as video shots are ked toget {
Compuyifis Visioprand \mageoUpderstangdinds 9%a(a0ﬁ@ tnpe 3 Pa<) presanted a

reahﬁﬁé\@@déa?ébohae@‘%h& RIBAIFBHSh m%& {df &bt reb@at@@t\ﬁd%to shots

Therefore a need exists to devel op an automati ¢ and
basgdl on & eaiqr ragrpent featueofdey framesntinginesibod ean e Hsrdigededuce

serrﬁaﬂﬂl: régﬁgrféﬁmf QIR0 OHtBBY B @bmhfefciabome, Mpmy lnﬁﬁ?&ﬁ)ns o this

In accordance with a first aspect

metpﬁg 'ﬂP'HQ%ntlhaﬁ v atitisesn videer ehats @y dbe dé‘éﬂdé‘m?@tﬂiodméf of the
iderttfiBationl ¥ ABTa rEAMALNIS | h&thbASHRNERE Edhnbt (RMtifAFPeatddCvideo
sequelgchesdat a sub-shot level and relies on the identification of video shots, which is
becoming more difficult as video shots are linked together by transitional video data,
thus making the transition between shots more seamless and difficult to detect.
Therefore, a need exists to develop an automatic and efficient short video clip
identification technique that addresses one or more of the above mentioned

problems.
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conprising partitioning the video data into ordered

video units utilising contentbased keyfrane sanpli ng,
wobk@resnirach video unit includes a sequence i PCESGHI05/000379

bet ween two consecutive key¥rames; grouping at | east

two consecutive video units into one tine-indexed

vi deo segnent; and identifying the repeat clip
SUMMARNces based on correlation of the video segnents.

A fingerprint may be created for each video unit, the

finge [ =Y Q - ha feat u vect or..

ThorCsnerinoE Bl s Tt s eSO L bt B By R Bipi@ices
a pethnsk of oideatifyingupepeais clp i ingtaotes inolvimieoc dataenthe amethod

corhBifl BaRiBHhe YaGR 8BRS Blef MR b Wilsa captent
basgiddeay fragneampliry, evheoein dachutidad deibirmluates arsgquence interval

Y -.corr { e . .
LY Ny W IR ) e———
unitsi indo | pikeXinde-rdexed sedee segmenty ande ideeitirtg ¢he pepeat clip
inslaRBLABESS: B BolrdlBbA bf i dRddifieigr @ al i on matrix.

correlation matrix of video segnments fromtwo
di fAdingerprinhmay bei eteatedifayedsh ddeo vaid, thasiadempnint comprising

ac?ﬁt@ﬁﬁb&égdi‘ggt & 98.8f the fingerprints and on tenporal

eatures o e tIne-indexed video segnents, and the
r epEg coniept-based featureavectodemy bedohsedoon tdne or more of a

r ] ' i m.lari : n, Vi
oSBT LI e 3 BB Kol g an
motien pctpftigsgfiine ¥igeownileo segments correspond to el ement

g, . ; : Li 4
ar & kol it B UBRo KBlieks ) drBinbiida Goh®Tnay be
derjveddx@ssd pmeatt suto@ariglation ofithe fingeliodats afd en taveprrs! features
e i r | . e _—
o TR cA183 8 effo 3 ) LB ot
from dihe peirelatiopiiagéx. connecting |ine segments in the
cor - - i .
i oo aP N ik 81 vi88G BeyBfisTRATEND dfRBR! 3 Yiagos may
be derived obasege oni £igsaoretatioapehtthe | fingeirprints nans .onT temporal
: ) o i o S ]
8o NSO S B TSRS
identifipdfram the eerrelafingiematik, fol | owed by connecting | ess
rela ' ' I = e
1 e Rk BRISATTS ighibrit o000 deiied 2 ¥ BAAY Satue,
with; angeRais qfpideptical adeep Gegmentsnsorespend 4o i element {Hein the

corRFRRAI Alafitk, VArE thes RMBRED .aﬁecﬁdgﬁﬁftéqﬁfrﬁﬁ%tﬁeﬁbbéﬁ&aﬁon of
conprise performng a locality-sensitive hashing to
thoﬁl%‘i‘ﬁlvﬂwé? .s that are within a pre-deternined

di sHRPIRe IRMRREI &idlshents “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 clip instances.

The line segments connecting may proceed in a hierarchical way, wherein
most reliable line segments with a length > 2 are first connected, followed by
connecting less reliable line segments with a length = 1 to expand a line segment
boundary.
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and calculating elenents of the correlation matrix

only for said identified fingerprints. The
w0 povgespri nts may be transformed into a bit stPCHgG20a5000379

the hashing is applied to the bit strings

cor I t ive_ fi ints. Th .

ot g eanedthodt the g SERTE ! fial bP RGO N tembial retaton
of heasgotigtelridarn $equancésat ure conpari son of the

i dent LT Li Rl 0 Veri Ld.r .

cl 1 e patod S8 urfiet Bok B g BEREhRg Cldoalty 38l RaGhing
to igreetifil fingerarinédthah aes withi. a Preedetetrhinedbstalice frbmreach other,
and SREUE6ho AHERG Dt Ak BOFeIBNa [ ABFHCBHRIRY said identified

expansi o for verified repeat clip Instances. e
fingasprintd. may further conprise |abeling repeat clip

i ns he ' . di.f f n r .

a; had pepnnt Ry e fahdaRATH it o bit LGy and 1B Hefling i
appligddoities b spinge toavespendingibsibeiraspattive fiegerpdnisences.

Thetkey ' LA o GON

ni o1 o e BERaY Hihe: OfiBhpe abRTR a RafetRRARE rame
feagyatcontpanisen of thenidenljfiedowpeatsalipdnstehcas foi \erifigsaichrepeat clip

ins{EcbOS U HOMHBMmdr 1GRRA BrdBitefRIBL FESRAR. Of

two video streans. € video aata may conprise one or

t wo T draibod miydutbel eanpiise cenductinie frardedydearse hayndary
ex Hf%?v&ﬂ%d%’%ﬁé&ldcli H@%Qn&é%'.' ection data and one

video stream e ne may be performed in on-line
i n Teal methed. mMaye furtheodomngiseh dariinbo rensat oflip- instancesnas

belaﬁ&ﬂ%?@%ﬁe\’@ﬁ&?ﬁé}eﬁ? %ﬁa@f’?&ﬁ&héﬁ lée:%QEto ?pr?@@ﬁ%r;ﬁ/ Ilo%sged on

I nvention there 1s provided a syst entl

a teraperal refatiopshipheiween thenassogiatedivider seaesnogst em
COMPhé KbP drafedPfitaly PP RCABAA bhsddPbn RALIEAMIEBYrdr Bf each
video data into ordered video units utilising

frarpg i dht vide@ ele®®yf r ame sanpl i ng, wherein each vi deo

uni fhé r@n@ﬁshig%ogwe%g LthBlidedla k&?fo\“’ei’ﬁ&o W or a motion
~consecutive keyfranes; processor for grodplng at
hisjoggam. t wo consecutive video units into one

ti Mepd oﬁeé%@;yms%mggggga&%%é‘odsqrgamsy_i ng the

repeat clip iInstances | on correlation of the
vi dEbe ¥idgaeiata may comntise pascy twpskerad videod-ollspline daja.

t heThRs GRfiet dABVREY 'ecgﬂ'nptrgg réhe StoREPViaE8 e&%@déﬂagéorgﬂ Bne

. medi um havi ng stor thereon conputer code neans
videqistei®t i ng a conmputer to execute a nethod of

| dephd fadtish el SRt pdfdrmel #S bARE S Y kRO data, the

met hod conprising partitioning the video data into
or dEhe peiherbmay detrerfermed gfifiec ont ent - based keyf r ane

sanpl hAchradh& Qith §asdtokl depebhio the &G 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 into ordered video
units utilising content-based keyframe sampling, wherein each video unit includes
a sequence interval between two 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.
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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a sequence interval between two consecutive keyfranes;
grouping at |l east two consecutive video units into one
wo powAosndexed vi deo segnent; and identifying tPer/sepesnon379

clip instances based on corf¥elation of the video

Vidégnb%ggﬁnttﬁe {'%Q]l' EA:P E’Egl nvg;g)I %O%vl ng\ﬁ)':%‘ g?l\%ﬁn{?n%fgf s‘? \6'860

unitenglilisigdion{erdipaaed keyframe Ben”rpimg;wdwramyeanlhnhdleq umit ineludes
d 0
a s%?helficfeomtérbgl’ B&W Wn@go%gn&%% onﬁ% ﬁﬁ',]??%ug% WSYea%E IIlwo
congleicutive Vidgo lueltamts howsln“aa mbmwdeodsregmamg and identifying the
[ { d
rep:geé {:‘I?pt lﬁ%%bggs é%%’eof éﬁgcgrr%igﬁcﬁgowhg%?qe%ag%orﬁ%g an
Figure 1b shows a schematic draw ng |Ilustrat| ng a
i di t
R BN Ge T DRASINS S0 it (VU Vi deo
segnent (VS), and Video clip (VC) Figure 2 shows an

I ' ' .
exeEPERRRA e b g’ rEHRLACYH, B boASP AHECHAhG Ay
appsrent f@rd)nthaltdmary @kd!dn ithe aepfeern dtie oltbsing Miritten description,
. o e ; s
by y_vlgg 3 Llanple! il Hr6h %g,%a&?omuﬁ ggvr.@[zowwn%n
conhigute fhg sbhbwsd) ackematid d@wsm@ iiaistrating keys—fremeeblaaadd\ejdeo

s ARER il SO AU e e B TR,
i | | bigtreattonghowdhedl isapervhtic rvbawmeﬂluamtmg A thepedeerl video

repYéFl%%gatfan' chogﬁﬂg'tg %@Ek&ﬁ\g%cgﬁbg{j%rﬁon%efgx‘eﬁ%%m VU),

a system char ge an o
Vldbpﬁégﬂaﬂééf%)davdél/d,dﬁQ:ttlipp(Vl@)m ng system according to an

¥ 2l SRAs B il gitaorl 0P8 WnAGWGAN Socidh Ran

a-comput er sy Ste Pefent | ng B repeate
exammlpembndﬂgenﬁet hod and system according to an exanpl e

e"bﬁig\d@egtshoﬁé G trgcf éf sifdi @Y\{éﬂ‘ﬂéfnx deledSh F%éag&% @ideo clip

re eatc nt| roni1nvid
idepiificatian ﬁ\gccrrdlr@rm@naﬁmn@l@ﬂmb@dmmt DETAI LED

gﬁgh gqé”_g‘%cﬁ Rt %rﬁmgdﬂlﬁ@c%m d&mn%cﬁ'né; V\La%'gﬁt line

eo sanp ng and p rt|t|on ng strat
Segr@elﬁépéhdeﬁeat@d vifieoy i adieo ideitiicativar cancerdirg i tp an eexample
aﬂgg& ibased. As shown in Figure la, video data 100 is
ed by key-frames e.g. 102, and intervals 104
bet jgere B acenhemalici dfevwm/dlwtmfm labelingl obingtancesisised in

repEé?é?it\ﬁge&‘éhpQH@nt‘i‘ﬂc‘;ﬁen Eé&rdmﬂ’lb% é)&rﬁéﬂé Enib%dﬁ‘h

I ndexed y It first ey- rame sel ection

crikigpresd |SHOWﬁ@ Rtam |cba@¢gcszfuame¢ff ling @n@aéeébwe;ep eliemining

system according to an example embodiment.

Figure 7 shows a schematic drawing of a computer 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 example embodiment.

DETAILED DESCRIPTION
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col or histogramdifference between a current frame and
the last keyfrane. |If Hland HO are col or histograns of
wao b®7osainent Lh frane and the | ast key-franme PCT/SG2005/000379
respectively, then if \I - @ ter(H HO}>h, (1) rth
fra - re
i nt gﬁseg{"\h@ #B?ﬁmeﬁpgdﬁ&gtaog%yn%% ba;elﬁ \I’_Qg? gmbh?g and
paltlmrersgwdraiegyr\hblc!am/dﬂfneﬂgmtm‘n theeideedafa chragadieristid, ivd. dentent-
nmp i !
bast%ﬁlat,&és gl&ﬂarn?g Qé 1nag Iols%%r b?s S%ﬁ?lg{j fbﬁ%g frré s ?eg.n1902,
and intareals 1E¢/®ntwefenttm cpematlmjkam-fdmes:n 0D Obeage aa@tt treated as
onéjﬁaéfpﬁptwhﬁd'hqmn |§nﬁﬁf‘n%le§§& gyglt%(ﬁr%t kreg aﬁ]%quences of
the cl'ips can be synchronize tarn franes.
TheKeyfismeossleddion anitesigeindthe sexasindg ethbodinemt tagatased on the
Ly c j Zat. .
ool AEBEISE bl By dbFE bk 140 DA e 578, 9 anc
H, geengalomigjstoaranisdof] the kesrrantniiicireme and the st keyefrarséirégpentiyely,
theRif Ors. A further advantage is that key-frame based
sarrpl i ng can reduce correlation between adj acent
npl—&ﬁteré@ i’} qr} gross-simlarity val ues between(t)
adj acent sanples can be suppressed, which can nake
di affofranepakeeframej andak, alk o correl ati on matrix
sha Sik &fhet nti fi e a nt
¢ VRREe 385 AT s e et g B8 henaE T¥5he
thré@m@pral feature of the vi deo segnent can be

i nc ted in the video feature yepresentation. The
corheARERogs o P kbl EAmechttRi vkeh SrEdGeRtateay T the
exa‘nﬂa’slé hebogferit nﬁcmms that eatn besdinSiag | igirotist (& sﬁiﬁidgi dfystarting

esu{ in lowfals e ther

1t V ror
e Vel MG EPERIER SIieR G B9 R CRIFOT Jomiegalher aced key-
framet séﬁulehté‘se@f theclips asan &eegpehrdrRadd, after @l@néw ﬂgmes The
formsa lin rtitioaoni an .ach

n a
sy inizatat L SheSlPlst NRADE BRT botenl dbraaRtes nbyspenerally
syn'EMtbntz}éD@n? caf by bstemeﬂ embua €Rotue Gixtheaoh®aryf & QRFGmMVdafasing
tr?%cré(nalnt eexa {:%Ofglnent. Theflrst feature is
meﬂw\q aAPEhanERt 99”39 REBNUSfeature is a frame
f eaAUurther Baearitags RSBHL Iaiyl-fﬁdin@faaévédi@?n;bﬂﬁbtdénirédl?be ciorrelatlon
tion o ea

mbi n f eat
bet§REN AT oSATIES oSOnER  FIRSE AN B IE LIRS e Ra, Ppgent
sar?(plé@l@ih_ b$nggfmesEssaﬂ gmmi bmjké(adggg@{al }ﬁdttetrr(sxhr&na‘rﬁragto-
.11 an . 1a . N or er n of eo
con§lbn G S RE AT A esetp D o A G RllASs ALt on-
umﬁb@rﬁ@arﬂﬁ‘émn@%at@ﬂé)thataﬁtén’(dwnfeﬂpw ofl thé eifedrseghentiBan be
col or f{ and ro

t
nog BB, i WripE sy BN B, VG BAPERR Hodstmingra
featup@nd atcontenbipature Kan dwvedse faatgeodisdrimtinative abiityvead result in
low ﬁaﬁﬁeﬁ;gg V%Weaﬁr}%réﬂtqsl} Fr@af’{] %ﬁlhgﬁp,gﬁgiubn?fognq Os%%np’lingt;,othe temporal

feature is not utilised. The example embodiment, in applying non-uniform sampling

and partitioning, can achieve higher precision than a uniform partition strategy.

Two types of video features are extracted from a video stream in the example
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



A video unit 104 is partitioned into K sub-segnents
108, and represented by K bl ending i nages 110 forned
whooawsriayi ng frames 111 within each sub- segnePtT/468)05/000379
along the tinme direction. Each blending imge 110 is
: [£\J; Ioc ch
Fing B Vit St et o i BlonSore PR hp e RN
USR, 25(3),zarsl tbelt@np@rdl msturdis mmﬂdea@bnﬂa& cMer firemtpring lsoéompact

I t
o 8ok T4 SRROE LIRSk MR TRRTER Lo
chapges. fNlorgevssr A good ibatanse @atwe;enzob(usinbesl\and dis@mifatjonBcan be
5 chogéﬁ tb Qghléyeefogﬁgerﬁﬁ*:&ronve? gues of a block 112, with a

escendi ng o values VI, V2, V3, then the major
col Advidgadiniti 196ris pattionest letOdlétSebmegmdn‘&sw 08hend cédresdnte by

T g o b oy BT e
108calray thentie dirartign.affachabieadingrigage ahi@ issther tdividesieintd d/xN
equdl ¥igé 36{0%?%'4!2.\’ %’Jr“%r?gi\glgdé 115 thd %aﬁlﬁrﬁ'& L O%Q%ﬁ 881%ponents

contro e robus and di scri
10 amonsaRUF.&8 afeheelgtied \as\the Yeptgsentatied faaturk ofcthaiCblook. The color

flnggtl'd;ﬂ?gfs tgusbsetéqmén r‘%r ues%r{&%{en&%@ %%E%%h'}lf fgm%r%rseand
the Ungérpnﬂﬂl dirhamiorf @rzuﬂwm af m, GJaBkare hifé @¥rage color values of a

respectivel e robustne scrimnative power
blogi T, V@hc%r%?ceﬂp'ﬁaé’( thvaﬁéfﬁa%e \{d?or}'f?’n dhanereyyaiphgolor and
minpacadredre dsterdindd by thaolibing xae®! e enbodi ment one
15 bl endi ng image (K= 1) is used for each segnent, and
the blending image is divided into 8x8 bl ocks (M=N=8).
h a r.t that mainly controls robustness and
Ry 3?% na.{)?ve ablllty is set to 3, while d is set as
0. 001. Al so exg\;r act{veq(il | JagmbeALEIE of gpaghysframe 111
for the purpo RN ¥aid I AME g@fl&bgagl on of
repeated clips. Each frams 111 is divided™into 4
sub-frames 114, and i hdatoingk. RiBdt aftFamial>each
sub frame 114 1s quantl 2edrtiio a sy ;34,.;:* & seach frane

nbol bei n
oy i RIS itk Yt %Fﬂ%ﬂ&*ﬁ%ﬁ@%dmaee 307 gy Value

imagdnearmltls ofigreseteq @i veeramndil Yalue,tdne f] wmelpasgfmetegn%qbgaém@,tro|

is. 10,368, 000 (9. 9N te I n the exanpl e enbodi nment
the 'é?soélgtﬂ'ss%8%‘%28@?&@'"@:'\9“1%?‘%\%@‘{5%ed noting that a snall

code book size provides nore robustness, whi |l e

providing |l ess discrimnation. In the exanple
Rumw(?geﬂ%)ﬁlﬁ simlarity neasurenent of video units,
baglt ¥, >,

Major Color =Minor Colo i
! laak i <7

20 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 controlled by the parameters
dand .

In the example embodiment one blending image (K=1) is used for each

25  segment, and the blending image is divided into 8x8 blocks (M=N=8). The parameter
z that mainly controls robustness and discriminative ability is set to 3, while & is set
as 0.001.
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consecutive video units {vit v,+i } are grouped

together to match agai nst other consecutive units {V
WO 2007053112 A sim larity value s(i,j) is conmput eBCHyG2005/000379

matching {v,, vi+l } against {Vj , vj+1} . The w ndow

wi | Ll t i.t,an eate the

o ri PO FabElte e BERRES 86T ple A B ForthS Bt pme by
frarhe vewfisation obnedealpd clipsmEashufrenieliyl 1o tividedlimdo 4 sub-frames 114,

j i ' 1 o} W wher I
and FBAEIE 1iBbafof Bach SRRl 114 AREHIRG, " Ealipbyy sleacn
frarge 417 {svepreaerted g 4 symipolss of Viand Vj and el e2 are

di | ds.. | o] | cul.

ot redy S BEPE die byl on 224 ied b 8 ORI Fragrey the
storage uieguirgment fao dleshsyriba stithgdeatareeisi 19,368:000 (9M)i bytes. In the
exefheRg efiBtlinicht 3 Sdie Bodk S BF Yoot e itng dhit 4 Bl epoe
bookesizp praviges Motkerobustnessc whild prosidirigyiessidistrintingtion t ed

ar o el BRRbambth on Nifllary micbs TRARA: B FRY i, o
conp@@itine e wnitsinfvi sv.)f are tdneupsidnidgathier ytonmatalr egaiostbether

J i SG I .
congeeutite BNE hnif LLSPRUAT e SRR L SbALMD e e
againsé {exanp! e Therbwodowe will bebpslidingaithrough aach funitnand eredde dhe
simli&Ry A ation or frames level 150, the first |evel of

video representation are the video units 152. The

s ecOfdsinglg efidast unihaimilarity detwganes emiday isormeasurpd ibyawoth lelor
ok 154, each consisting of two consecutive
fmgéihg@gaid;%?% E’, with overlap between the video

segnents 154. More than two consecutive video units

152 may be conbined into one video segnment 154 in

different enbodi ment s. mggt..lligg{dj);l evel of video
keRE esentlatf 8-€onpi fgps—a-vigeociiq 156, which Ry
be "dgfr egat ed fromdifte er*t" ‘VI'ded segnents 154 as

i |1 ustratledher¥i gure 1b. In using pair-w se
conpari son (see video segnents 154) in the exanple
enbodiment to fill a NXN similarity matrix, there wll

be VNfbr? ajt l}gsr terhe:em?ﬁrivge@pmtT Beeafls,e a?at ,n%nﬁmmm?(w are éhe
operty. o e matrix, on alf o e el enents nee
lengﬁ@s gf:\" @%‘?rﬁlﬁngdfh &5 H@tq’?ﬁﬁﬂﬁ?%é%omari sons can be

reduced to N(N+1)12. In nost cases, the simlarity

matrix is a sparse one, since only a small portion of
Theaiakve s(iyiis tnlevlsedssr t ai n di st ance have the possibility

to produce the simlarity value "1", while nost other

conparisons wllIfire Farf) v Qs V@les, 1{, the
e o ORI B L VIS |

sear chi ngsia or a sa C

within a certai n0di stlaagse nost non-effective
conparisons wll be avoided, thus the conplexity of
the simlarity matrix calculation will be further

In the example embodiment binary similarity values are chosen. The
advantage is that locating diagonals is easy in a binary matrix, and only the time’
indexes of element “1” are recorded, so that even very large video data can be
analyzed with limited memory requirement. This similarity measure requires that both

of two neighbour units are similar to other two neighbour units, for the similarity
measure to be "1".
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reduced. This may be achi eved by enpl oyi ng

| ocality-sensitive hashing (LSH on the col or
WO povgespn: nts. LSH can performa (r; e)-NN si nPCEBG2005/000379

search in sub-linear tinme. %or a query p0| nt gin

w ¢ REERSIERTS SR, s R R BN RS el rigeo
reptésesiatipoiused lbemredambleserﬂbedlmane iore pmrficoigr, from the data
repPJs%P%tﬂbrlu tr%ra?rﬁe %\/QI%éOe ttH ??sgfIg%eégﬂe\ptt%?{qu%éesﬁﬁg@p acrgrj;he
videm kaits he2. pﬂ'beabccbnd: iyzveifof aheh aislho cre;brlesmtatmnf comrises the vndeo
seg{?ﬁ’érﬁé S|5Qee5§f4 %ﬁsﬁstﬁﬁg Eafhﬁ\} cccﬂrs@ﬁ%tﬂ/ﬁ v%ﬁaq ugq%sl%a weth overlap

nts - are's
bet]tyﬁerbti‘@l Videoyseghmntsi1 e Mur@ thandwh epnsexativeovidedBynitssiG2gnmay be

' vy i.ff L t
corfihéd Wi B RcRamicH a5 AL o PRt D PIRGEIS o
VId@ermewtaﬂme dahprisep as videw eclip at58, wiidh iag riea aggratated dfrom
iect | : ' t hashi
aittie Byt deadiferfE PP S ETRAE M e Ped "accur acy. The
L SHnaligjog ipahrwipe cqocrwedscby (S@ieovitleo esegmientsA1543 innihe, example

emgﬂﬂ%g?’{t tORfl” bemﬁnén‘?ular%/ 'ﬂ\étﬁ)br t‘i’\gl.’esﬁlﬂlr Bg (L}mFeah%% c\9g1rp)z/=1risons.

i ons Vi a Hashi
Beq_wsg @f m@t%nmwspmpm‘ged thd BrabQ pnly 9@ of ire elements meethéo be

u

coRER, & ARSI ChaReat i bHS-OMEEITING in mos

casreeatha similagtyt roatnx i @ sparbé pnstmmcmgoniwa erﬂaﬂspbrﬂoumcfpolots wighin
b t.pa

@ ARSI e U boRlt 16 kb erliualy Lot ol most

otheregongFarisorswitl résuittin fQn@itiesnlf thessdarghing range fcnfax:stam)ﬂe can be

Ilmlfe'&leﬁi‘aﬁﬁgg%ﬁn Bdri (ﬁe ([)%nkg’uc E{ nSh-EHOive cﬂ)ﬂfp‘aaDFor@ Wl be

are ed tothe In s in a
avojdegl dhimitiae jcomplgxity hef thes Bimilgrityl oatrixt haipulatmmewlémwrmer

RIS bR s, PEERIELSHSon e

coleffivgeiprintgt e trade- of f bet ween accuracy and runni ng
af
oo R R o RPN B 25 1L GEGALE (47 1
pointodl nint ¢rdimasisionak sprrer 1S car aatuye indgxed spainte dvithjn heertain
dlstthﬁeS wﬁth %gr{ Bro@agﬂﬂgg grl'lg% fl‘lii/c%er S&ﬁt@sﬁ&hﬁ&' Y d{ﬁ%eolm‘eog' low

er WwWor
prombﬂﬁhgf bﬁag r@tyrr@d ki the &.Spk |Thts is sealigad by dedighing@ set i hash

funétl%ﬂgttﬁbt ik n%k%'tﬁ‘& raﬁssﬁfy%f cbhénﬁn ?ﬂg@ ‘;E%ﬂﬁé bffetated to

r obabi | at an’in exe ol nt
thelélsmfagltw\m ﬁlst@nqgekfgwpcnqnts Wre sintilar,rtbeinmashl qoglsmn probability

shoﬁﬁit H)é"ﬁfgﬁdot%%nméél)ovf LSRG U shidd H%I‘Pfdnﬁﬁor%i \tﬁlﬂgg‘ff%rrent

threshold el 1n Eqs(2), ohe c estimate t
paragefers in parallelhisH ﬁﬂé@@u@pﬁﬁﬁdﬂ\sﬁ aegalive ratgmtbut also the false

posftOt Yafe R |H$r§a§@‘é’t %ah th’hé IR rtﬁé’re§at9ible| &ﬁﬁod\@%ﬂ I?Iikw)%ggshing

probability. ng the LSH al gorlthm descr
pargraﬁﬁﬁr%%reﬁmﬁdfg gataéiagrwawg@cpn nt "close" to the

ot oS SRR fHonchel B ORERCAC Y, BT ) indvky R
Motwgnizn, Similarity fearch in High Dimensions via Hashing. In” Proc. Int. Conf. on
Very Large Data Bases, pages 518—529, 1999) is used in the example embodiment
to speed up the computation in repeat short video clip mining. This transforms a
feature vector into a bit string. The hash function is selecting a subset of bits of the bit
string that satisfy the desired locality-sensitive properties. A set of / such hash

functions is built, and each of them selects k bits from the bit string. These k bits are
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sanpl es for the query sanple, thus further reducing

the conplexity of the simlarity matrix calculation in
wo b@7esanpl e enbodi ment. |If visualised i n natrP&I/$62005/000379

repeat ed vi deo sequences wilf| appear as di agonal |ines

hasWed tIJJ t’he twf:lec‘)?tof fbﬁe%l?ﬁ dTﬂth qé ? n@lerpbﬁa{l&? the hashing

due rane ex raction
alg@mthmr@ themampieeembydlb‘@nspsl smowmimth;ore @ofihedwo \pardreters,
r [
o AP T2 URAL ety O 2900 U REEEMBAE A Beon
accgegcyiandavnnir®) troe. i dentification errors are not

aVOTI’ijéa%l%r flhglﬁ'gﬁﬁt%a{na étdzrgpt? ]Pﬁ??eé)d bgftﬁélea%vé/ 'Lgﬁoalgonthm

segnments m W on y
Eachi ofgiba aix $ymb;<és thay forox theecolrir figberppinixean bg mmesqmﬁ by three

. di .
blts'g}éggﬂgﬁ BU I[‘ﬁz ggé; getdg%te{w[e%aﬂ)y 3 9ngjlé 0%21&1?@6}4 FipEStvely.

TS e rom-a
In othei worsist at # gimaBlnal colgs fingerprint is onverbed: bito |aa3n ength bit

struf\i rAc%oRﬂngggochlsrﬁagﬁ %r’ﬁmﬂloﬁ etﬂlé??&%%nﬂm}%'t Of ‘?nc{%\/( t;‘%i.nt havng r

ts or pixe
bit ﬁermrswth@ quEry Boind WI&betrgtumdu@gstm@ed gsshown in Figure
3, the whol e repeated video sequence 304 is split into
several _.non-col linear black |lines portions e.g. 306,
308, m@1@h1a5 {pot single pixel width. On the other
hand, 1f" one treats each line portion e.g. 306 a&
isolated repeat ed vi deo sequence, one nay not ge )the

WhOlme' thegel@f firgefprihe disined thiiediedld 3¢ HEBQSQ), cﬁfédcan estimate
entification,.errors,m

St
the R (i t B AR CRPIOP e R SR SLiSR REct Gaving r bit
errdrs N |pes twithnBigh Oprabammi( e Usiag ItEedeHl GiRAithinn désemnab@e

errooﬂi ment t? bsorh ?nt J,F n errors . a
e RaWE] R ARRORan Siasel fo et PeRR) A2 Huely sample
canathgerhbe Fer’mmgd lﬁmj ebmbo@tioslof fthe ts&m{ahﬁ/ BOWMieRt td ttféf%returned
nt an el l 0l Se om e | hage I.N

sanied T e Ay Te s REheE eSS ompiiiy of hewimiarty
ma’h)lﬁ&e[d:uhﬂoﬂi imethe ekﬁﬁplere?ibdtdﬁhatul onshlt E. Qccor dingly, in

t men e, a ori m doe not cre e

o G ARad T B P ees e PPS SEaaeSs Sl ftpaer By @agonal
lineBadf Mt ,offedétl fyort hise tnaﬁrEdllagdmal Eﬁl thé sﬁhlwﬁ'ﬁﬁtr&tnxl Ho&ﬁeeer due to

| e the re correl ati

Qr d n an_ar
eyfrgEiR! §iidgtioh, BPoe bRt ey i S0 el st Bei B pespons.
Dué & gm vsed eonatatigiforst gptitioningo these t nomgeontipetveninel porons may
nt S ose. exceeds on - .l.n the tenporal
not FEHERE8r. 05 RS 5 s MRE avdicile.obE srEIFRR/ Btiyeen
differbnt videw segmenﬁs mmys!an: umngdy paltulstedfasr'df)esat sune dii@Onal lines
ach t he t art. and en d
map bt b® Shaiikel R Ah <o Fedtnhl BE.SR ot ok e video
sequencdsheFigirard |saledcearptédt frora 2469004699 raitred represspation 300,
usebhe 8 bbb, 679 G of Begeated S84 oreld doHinae e
exaﬁipjﬁjembddl'mens Mdnete ’thaaﬂotssdsramielseeg S0zintiiceted™" dintilbdty values.
o] l.owi n condl i,ons ... S

sat ; %gsaé@&g\&nﬁ fﬁ qu‘g gaﬁwgedwhole repeated VI8€O sgquence 304 is spilit into
several non-collinear black Imes portions e.g. 306, 308, which are not single pixel
width. On the other hand, if one treats each line portion 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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sequence segnents will be nerged or connected as one:

1> Overlap. Tlstart T2start< Tlendand Tl'start
wa2oogosatx Tl'end ; 2> nei ghboring. T2start> TPERSG2005/000379

T2l start> Tl'end and | T2stltart- Tlend|< mi,

J@ﬁe %m&hmﬁ-ﬁ 10 %&ﬁo% \Aﬁntff’fllgtlérn( Jrfn&é%éheﬁﬁ gl)%éther.liﬁgn using

a lioggeaih piagifna ainenthn end oforgoidiidal titer2o icontdtating Eednents and
f ' :

e RSB RBSEHL I B8t it REBA nEan an

Opqrh’f@dg@rpsbab@d waélethen’ommi rrélatignshife urAeocdinglnf int the example

emg&ﬂfﬁ@gt g Q‘lg&%mt iBes AR grggt?t 0P BiclBid 2 rﬁdalﬂﬁ) ¥réar‘§rix in

caused by segnentation or 8rrors o at
impgrgentatiqna Ragegnenty she timet Imd:cesaafmlmembddi’ @entecanded in an

arr@}@rgge Igﬂoer t?rl'ltg}% ciognjé%tlgﬂ%?'s Rcﬁ]iﬁe?grdgfﬁn%eﬁo?cﬁﬂ{a?@?%&ﬁgsmn

for jargedideo data.n(T1' , T2 , start start start end end
ds& T
S et i 5 el

i nt olnathademporet d@mglet thl@rcwashomdaaetownne@mrrepe@esgmms of
twoa&de%chHsgag ks L (?i[?eg?ééle\élgg%gbﬁl)gng rea&?”?’:%ﬁ{du the start

rocesses |t|ons are repea
ancﬁfmd fime 9éthe qosreﬁbormm@@e@ted w@@n sepeehtsfat e@cﬂmt;roum pliet the

stalt! Sl §n§t e of m&f}gﬁéé@@ fjgltaalg“ []lhghr ggr asm T

exten oundary con eCtIO

T1 N Birep sha (Gt s@arching fror pldspp@ivel, 8§ sh Figure 4
( @bea"f“gdw d(ggstﬁsort-'“f’)gnms staftn ~ gg Epsfl) tv gre r?ug\?m tlJne |gure in

the qemnsorae doATAFE C UIft dree opaner BIeking alonatiess W Qﬁféfl@@rﬂwb%ﬁeated
whi ch nea q a gast t Wo consecutlve vi deo
Seoé'@@?ﬁa?ﬁ%"%iﬁ%w 3’&{9?'@5 or GAneRted @St Qien neans that three
consecutive video units are identical. This condition
can reduce false positive errors, but may be too
1> Qyeriapgidrit <3rer i deeanddd west B e 's6undar i es. Because
sel ected keyfranes of two repeated video sequences
near their respective start boundary may not be well
2> @jfglubmr@]’lfm Tlela, Welyer b &1'ehi drli] TRlat- T Q| ) (T2Asar EEend]< pu1

t|v | de video units at start boundari es.
and%&@ f"ﬁdgrz té‘l'ii@é%*ﬁe condition to add nore
fragments of the repeated video sequence. After step

the algorithmre s or s back to step 1,
§| n‘?f'é rgf, glll are gﬁe@otlc}ls nThe uncJerlyl g assumption of cogdltlon 2 is that
if two groups of two consecutive pairs of repeated video portions are close to each
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 example embodiment, p1=1Os, p2=0.5s.

The boundary of the connected repeated video portion is
T =min(M_,T2 ), T =max(T1 ,T2 )and T" =min(T1" , T2' )
start start start end end end start

start start’’

T’end=max(T1'end, T2’end). 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 lists.

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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di fferent groups of consecutive pairs of repeated
vi deo portions may be cl ose enough to be joint.
w®Reoriosalhy, step 2 is then again applied afterPGr/e@E2005/000379
and the loop is repeated until there is no change in
t |
b Bo@UhOUln Lisr, kst BE ol A5 8L AN, BANEHIY SO Yoo
V'd%ﬂoﬁﬁh’@l, whichbugiieass dnat at b@SBtVab@@esemyvaOdség‘nmr&mare
on.
aehRBINRR 14 Ao TR NTEL LB, Bido @SR O,
vi dEgs §emue<m: 6an tfduge falbe ppsitive eworsr buthmay dettho etrhnngledt for
v r
Vi) e FRER sy B FReh SULERIRR s BB A3k
sequgneesiaar thelim eaoetcnveguammvéaaruenaytm beevpliissyoeyonized, it may
be léi\‘fﬁglt Reficl fréd Qc?rgseeétn}% d&%ﬁtgal VHRPARE At sl'ar?BgurJr(}%ngé eStep 2

ths of two repeate €0 sequences respec
thug feé@xearﬂee sonditionde add mare, é*a@%anthOétF@m@pmtae mitleo séqwmee
, t t n e
Vi dpefggr?qequ% Eﬁc]g%t%rlgin gés)’(u@ﬁg'gcr ‘%edpa%g tb Yép ? Slr"gc%faﬁ{r ? %eerp 2
differept grpiRp q>ffcomecuw¢je@r%@‘qamated pdeo sorzupes malberom@ezmedgh
to Bdé Céinﬂ@rly nst@bdf'is frien! 5@%{1@ gpﬁgggﬁftéJ &Q% A{h%l th‘é’hlgBS is

partial repeated c
rep%@%Hﬂ@é‘&i@éﬁ mQ)Chamgewethee;utmﬁastt he boundaries of the

Vi C@ﬁcegW@H@S%a@é‘%%ﬁﬂnﬁ&%lﬁ?ﬁﬁﬁ&ﬁéﬁ RAE gfngl e?gb%% video

The technique for further verification an
sequenGesdalaobtaingchibreughrsiers érﬁ%@cﬁhwwnaysh%lefdlmmbiyngths in

the ftfn?éTQioﬁ@‘Fp%lest%nerra—rhgcédnmlorneﬁf ARe M EH Qffershcd ?f OPe two

¥ as descri bed above. To veri two repea
detgg %bep@étﬁgie\ﬂ@%seqq@ecmﬁberpawﬂs gtrateri than astwasbpu \alue, the

rep&edditvRidof éé@;%ﬁ&é% willasd trEé@HEaé @rr&rlge e \ERGAEF th% %é@ated

percent age o denti ca I's above a thr

vidgogieqERnaRfs éovm%\aft ﬁ@rewlcr @%tth@smmwﬂj ajpedee discarded
as ‘éﬁbisf 'ﬁg:fpgé’é‘ 135 ahgPEAt A4 l¥hé’(ﬁ§’ c}‘fI Q\Vbs ﬁﬁéaﬂfd WRo sequences

eat equences are so verlf
"eSR%‘ Yﬁibﬁh%arﬁﬁve'@e ndhe ﬁéajnplﬁuemoriwent,ﬂf t he
representation of the previous or follow ng franes of
the start or end franmes respectively of both repeated
sequences ar |d&t| cal, then the boundlary i s expanded
rehprides until a
lzﬁg‘n&lldéiﬁg?cmifﬁa |§§enc%unt£$gd Furt her mor e, 9n
repeated clip pairs, one instance of a pair can be
paiwhee wj, i) aEn ¢sboidsnst ance of a pair. If a clip has
n instances in the stream based on conbi natori al
matHErdeeniilying, spreatach Midgo requence epien@s ddasaribed above, it is

furtHd@W%Mﬁéd if Sil‘ié"'ﬁldeé‘%Eéu%% CPH?re e GePRUEH GRc8 Mo ﬁ\ggrder to

artl ally matche cause sone | nstances
'mP%%éﬁ?c' jon. a‘\'aarwh%iﬁ Ay partigh repgatedocling qr@lé‘i’ﬂﬁtlflﬁ%at may be

adv&ith§dous|tb fdtHep BRBhE thd PSUABASs 6p¢hE @/Fo‘eb%@gﬁé}fteg 26Ld bA%he
% dD uni que instances from such repeate C{J pairs

detected partial clips. The technique for further venﬂca ion and boundary refinement
in the example embodiment is a frame by frame comparison. The frame
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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are identified and nmultiple boundaries of each

i nstance are nerged into one boundary. After
w0 d@nnsFiyl ng uni que i nstances, mnatched i nst anceGI/8&H05/000379

grouped toget her and are gil¥en the sane | abel. The

ng nethod in the exa ment 1S pased on
S ERORE) HRuRRGs B T eda e CiR poddRes v e
reﬁn@d rFIm@gy Wi thé repregeraticand thed prpvnBu$ 8r foflowing Gramdshof ehd gtart or

then cli , B, .Cwl|l rouped t.ogether.
endrahes sopbelf ShirtTeftated SEaftses 55 el Fiendnp poundary
is &xpantsd By 3$nfdrhe paAhksi plocesss tamtitesfurtil igd nBntentiesl fvarhd is
clip C clips A, B, B, Ccan be grouped together.
en U% , this rule can encounter confusi on when a
r e pe@tretimofd, fn aapebad rolip pais, ronedastancesdir Al paio cars be paired with
in Figure epeated cli. | | ontaln
angtiitoBelaen o pare ol ok P dfsect Fitaties' iy " 5fdin o Beg on
con‘i’tﬂﬂat&nﬁaﬁ\%th%%l&@ RR&keshotid Ub%t @“Qer%peﬁt@@' ﬁalfse H‘?&P&/@r some
instances are I1' and I N X

lnsuaacés mby)notrhbcrhmdhad aifd lsd)marmkayl bé pahiatly mathed Hdclause some
ven di f.f rent e sane ,on

ins @SS S et 88 Baltal RN LRy L bR inoiin FFT Jf XreBated

instahcy extrabtion ayd &Ehelliny step, tiigse instanceeftdomlsabie répeatpd dlibgairs

are, BRhARE" el olfible Bo@uof off 5od? iGdRe, s fhptd o one

bourgpeat ed pairs of clips whose length is less than 7

nc B R TRiTE BB MRS, hERGREER Sl drlfiRL i

and elpeegit/mj thel sqse labet Tdlel |pbellk\gamétlﬁdr|lepeekamplleyembod|ment is

bas@é?én[ @QRB%}Q%Q%; ?ﬁgﬁg% %’8 altécfréalfg'f éf cI| %\ %’EB#{E@ %té‘? Xii n‘? %V and
clipkBlie makingl witt( ¥)p OJ\/I’nlmreclipeAt 8, G wili Igalg(OL)pedetagsthétef Allowing
et PR DER L n S A b TRRL G PRI 1609) Kot i B paired

with IdlipsC, acle)snglabeE Coga trer graupéd ttbgetsendldvavet, . thisSheile can

endBSHEE AR Bhh £ YPBHAT Bl Mot iR PRREA b0 s
shQ\A_h'emtRAgureaﬁa depketed clpgsdat ednipmi Moorhde:berqupt 9_.Lfo r@pbqtee\ clips Il
and 5k GBLHGE AR08 e, PR e are
andhidlt, diie $ andb Litwilt be partinlynipeicbed tvithlitaxiddt, hutdtihiit elsoudd be given

d!ff?t%kt tlen)%ls thg hse‘ﬂné %‘ﬁe' S %ﬂﬁefﬁ%' tﬂet cpa%eg{oﬁbw n&'it thg method

of "Instances w nerged 1
deeg:rlbe:paWVtEh srmller nunber of 1 nstances. Step 2: The

b ,

a O’r‘{? trgsa‘hg\iﬁ%@éd ﬁusaﬂ%ﬂr%%g léeb%uﬁ {P‘eqﬁ%tg %eﬁ%gr ﬁn Bﬁa/'ia%eumg
a|gs@bmnd§he anplé ﬁm@pélma@t issastfollowst he over | appi ng

th hi I |t

SRSk el B of cpk Wby AL Yelocons
Given a candidate repeated pair of chps 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(Y))
max(len(X),len(Y))

where left(.), right(.) means left and right boundary, len(.) means length of the

overlap =

(6)

sequence.
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because partial overlapping is assune to be mainly
caused by partial instance rather than a sub-repeated
wa@oaosure. However, for long clips, the over|BEpSGL05/000379
threshold is hi gher to ensu#e identifying partial
ins [ .
or o easepiid s Shed B 808 Bt oo o R ety with the
samg el. |Tﬂi§ @wbmﬁd/afpfyhﬁé gfstansaoyrill be lexpandeld tbéhe minimum left

bOLﬁ%F}ﬁ n‘@ eS cr Ef thg ‘f\g Eshdidse ?éﬁe’atetgg?at\ df rE:ﬁeps

exanp ove can provl
i rrph‘@vbld“\ Brydst IWa%emmdef%WIlkdmmn ttlblqnoup or vice versa, If

both Q@Qﬁd é'fﬁ‘lg éhegpmafbh‘éé A AR ﬁ'ngtcthﬁd ‘Fﬁ%ta?ﬂc'e? %re not the

ds and systens re particular
Sa@%ﬁb%n H@ﬂlﬁste@ﬁﬁsm Hei greumwith trsgergarher af nnst;ances willde merged

“"t&ﬁ@%%upc\bl’tfpsmgl%'%bﬁbg%f'n%amc{e?r exanpl e, the exanple

di nent can provi ication at a sub-shot
| evelep QXS-EhLﬁT‘?hQVGeP@Ce@aWanﬁgd de qandidateheepeated pairs of clips

whéfseeyy [EElRS %Gﬁalsﬁcgﬁ%ng@r gAY adch¥s. b?h@%l@é}gn&eﬁoﬂ%t the

bé achi eved present 1nventlon
ovesiaapng thypglicidis sebipe®. clip | dent ification in VI deo

datﬁ, fiChg @ﬁth}lvasro@\;ér%‘/eh econds I'Ri‘;ﬁ%r ! Q995: YR Rips,

pically~last on a few ese short repeat
bec\s'vlua%earélp rla@plh@ts arpumedo pbedeainly iggusest bwmrualenstam rather
thah ré“&lb@é‘p@ét'eﬂ GtYLRRO I-‘Fci'\‘/ﬁvep'c?éreﬂng%ﬁﬁéatthé/ 'oggr?bpp]ln)g threshold is

identification nethods are not to identi
h'g'éﬁféﬁe§%ﬁﬂ@“f'fyé}ﬂé%ﬁm@,‘4llﬂsﬁﬁ‘ce& the other hand, because

of ph& mmﬁg%nébdu@xeﬁén qf.defoealoara%g %Wéé«{.ﬂbﬂgmpae ey to

a gregation, as descri bed above;, the
as B fahelling 28d Hopndary Kfinement.n the clip structure to

be It dgint e 'a%ﬁrecla?ed)tweé ;?4\95(%3 skiIB8 RXMEPLR, ﬂ*\‘q?oﬁjlbn@fhtmple

al so provides a coarse granularity which ehab

empeiMent pesarides above vy PEvEat a@umpspveﬁ aystesn andt method for
repEé’tréIBQHé‘?Wﬁ@atldnl"'iﬁ B TRAS &W&%WEXISM& ﬂ%@%’dg'dﬁg é@stems

bound ary refinenent |a er, my provi de "an accur at
Mofedﬁwwqrctaﬁeefﬁmaie qQrhRodipentgan rudes? finer asenulardy rretbe agpeat

chp%lélﬂﬁcatioﬂ R¥lehinpR, fRRS@MPI tMbbdlFRh éérP&UIBQ ik P&ﬁliﬁn at
stems, often only an approxi mate |ocation o
a S‘ﬂh%*ﬂ%{%%/@é Agsuniag P SpERANPIGI 3 N than eneckfyfraMmed per sedeed, a

graﬁllﬂaﬂytﬂé%v@%hél AecHW WM bE acbvddI e ThoS 1RB Qﬁ seH hvention can

en%%ﬁ?d mbodi ment can identify repeated I ps

aé?ﬁeab iR destiigadien it v'ée@. feta s¥Ghuay Tvestahnﬁxelogos and
pro§PafiIg8s Vit a@]%@ﬁy (P23 oﬁlysé’ fév@ |s€6c§ﬂo% SERBRNGR RPELNVvideo

riations an short sequences
clipg 2’5&% dave v%h\f'%q? ghat SHHCtHf?r @nefthl&?mtm ¥idgq glags based repeat

viddosiertdiaaton rﬁ@ﬂh@@é bR RGlety FHe@\ﬁiy'éH %89 SRR b bt .
the whol e repeated clip rather than isolated

| abel |
sﬁo ath Ie{]‘%ﬁe"vh%ob%‘%aﬁ"éﬁﬁf ﬁ‘ﬁrﬁ'ffﬁe@é@\f?éﬁf’fe@amﬁ‘? Kleptifjcation and
aggfeEyItibh), gislides‘éﬁlﬁgcﬁﬁﬁdv@ el ekEmblRUsmBE bRt Ha egﬂ@&jolllty in th% clip

| evel vjdeo data anal ysis. Figure

f
strughird B idetied. ol gVerdsatheyrxample sapedimset plsh pevices a

coaPSe"g?aﬁt.her th Whﬁih%’ﬂablélsd@htlﬁédtlﬁn Iofl R 'rérbéé’t“&:h@n @ﬁ)‘é@ ro‘éteﬂ g
"? exa&r{é mbodi ment. An extraction
y

ther SrARIS A RodEnetdint rraviding %kpwad;qrv (6‘?f"“@ﬁ1€m
Iaye&t maﬁ%iﬂo\ﬁd]é’éﬁ%cblﬁraﬁa MeiRation 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 repeat clip can be identified, rather than
the actual boundaries of the instances.
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dat abase 604. The extracted features are stored in a

vi deo feature database 606. A hashi ng nodul e 608
w@enosIts2 a | ocality sensitive hashing of the PEHSGZ085000379

The hashing nodul e 608 is ddupled to the feature

ext t a o%e] n '

mod 5. BET R Eriient £ (WERR) bRl ifidbhGEht on
exigiangenef 4 emtml@@tur@rfmemxagwmﬁ embodiment oamtaisoyolerate sequence

len r\%rltahél té{ndggr?) n#[kﬂ"gh%m S Coféfﬁl@b{:%gto Xh%ﬂﬁl\gP&?Qémge more

effgceain videmstiundargy detentian ewd csan@ptnas@rwtmm BWhatzaﬂmlrthe
wh<5]§r @p%@d E@fj relhé %%%tté?{jsligdt e Q/lde? SR Edd 62 ented
4[ en eo clips are's or e
intogmofedmeanihgfp! %v@t@bayeﬁ%mms prqwdnsg gmcbmatelmat foe high lexel vndeo
daté%ﬁalp gshing nodul e 608, auto coloration calculation

e 610, locating nodule 612 and repeated video
cli ng@eﬁnsua saheragia dravdod ef @gmstqn@ha@@poév affging shiodeepeat
vid&d blﬁ) iﬁ?&mﬁ@&?a&@ &CarP &mbigend] %gh’ﬁ:é An extragtion module
identification errors in t eexa nts. e
602/ pertasme (kep-famsviastidiog @ad gridie ea<1racﬁqm¢md wen istaRee g video
datd aseal THed&Ralbl Pea?@r%@gfé’ étSr%d%Qﬁd%‘é'fé G:%g ia?étg%%oﬁg

aracteristics, station prog ran1 0 known
TV Atheshipa snodpie 6R% peifersea Was;e@sws he@mnq)@f thei features.
Th@ﬁéﬁwﬁmhme d0BS8 lcbdplQd td FiRGBhtuNd ERfachbA Phodule 602, An auto-
dentiTication on glven viaeo content co ectlon
coloratigp WICWét'%rpp}osléiea$*éhtw rerfoems @vtasrelplatien |calcuhéora|on the
feahu?&. ?Qﬁmlﬁﬂﬁv‘éﬁéﬂ%e q@é@ﬂla‘%@nﬁtmy Cﬁ%ﬁhﬁg Péﬁobgelp ?ﬁeq?_ﬁé the

the resultS obtalned fromthe exanp odi ne
hashigomgele 98 nFroRe thenanipwalpeatioat caiaiation 8 lecating anedide) 612
Iocét@é cHhRGSY §loiritd vﬂﬁcﬂ?ﬁttum Q%Qe kd lsregéé?é‘al QidEb \ip ld%%’ﬂﬁcatlon
deo content as well as to c oose paraneters used
614 eat ure detection 602 auto-correl ati on cal cul ati on

610Tﬁmeﬁ@f@%afeséat¥a 8o ¢li ;ssoarb%%rba ﬁd @rdbe%||§gj§tab££@614 It

repeated video clips |den fied identification

is nﬁs%m#@t &agh &f dhe h@?hmwagduaj G%dautwpm@nb@mmwne@odule
610, %éaﬂi‘ﬁg Han&lQemrzeQﬁ@trS;S’anédj‘%FaeS' éua id@n%ﬁf@@ﬁ& haheld 679 are

nmodul e 0, d the results of ''ng are

coupleghtaca v'ﬁeca clm b&wlwgepdatﬁl@,asgrﬁ@ &atraﬁ%@ gigntification errors in
thesé,()génngﬂbé CélﬁB&dnﬁQths' N TReVib8o G;nbskﬁdvﬂ@é&e@afa%s@ 618 includes

| one node of operation. In the stand-al one node
knoyfedgsepfahesh Vidsal shpoﬁ'éewtféoarub#@ln FYTRSPERYiREN chReacteristics,
stal‘(drﬂ@?oéj %Pé&?éfﬁ%@%@f kh§wﬁ ToaitARMs. PRkdMfedRRRAIbaBE 8RS can

fication 1s based on an aut o- correlatlon
be puift baped Pothe sedtsidareat §idsp cliridestitigagen jog givey, video content

collle&idn' ahdj )ftvsHHS géd aw{ur*ehlaﬁad%yv@ BenébA §l€illé‘cp ﬁ‘)ttﬁé tartQR ﬁ%}qﬁn@ﬂledge
der to identj

eat video clips in
dataasee 619 oFan eré‘élﬁ’ugﬁﬁﬁf g*seaﬁiﬁ%is RBBPRTIAE tgnexample

emBbGMCRE aMEr AlcRfiatioh A1 thed UAbPIcBBS Ratdis e 18N AN BeViisie0tor
stream ng i nput can_be anal yzed agai nst the stored

disGAVEHRY ERRPAEMHe? liRstion; ei¥er apwnidss cantaltag walk as/to ghpese

parém@féﬂ§5‘uséér hefe@tur@ru&@&t@w 862, 08utbToRBRkfion Baftyidlion 610 and
fy repeat cl |ps betvveen the two video data. In

roppigh Vs o enifieieh o

The repeated video clips identified by the identification module 614 are then
labelled and instance boundaries refined in the repeated video clip instance labelling
module 620, and the results of the labelling are stored in a video clip instance
database 622.
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of known repeat video clips in the stream ng video

i nput can be identified, as well as discovering
W enosa12 epeat video clips in the strean ng vPCESG2005/000379

i nput. Furthernore, enbodineénts of the present

i nv [ a (o)

ropit STRaROhAO0 A, Bl BRRHAEN forcd sAGRPRRNE mode o
opgraffay dndlee Bhabdakyleu modeeqfeperatiod eanly bing vidde gt inpatt (from. the
. i S ; I I
vidgPlielPath BUARRralelf, GEPIR' Cpldh ) BB Bhased on an
autoicgerelation palawgtian see emcwluémm(ﬁaifbjs anedesisar.@dnitiallyt eed with a

I t :
oiver B opBft, EARERL 15 kit el afrefol’ ARSIEE i dne
colleptmmﬁebseweatlm@@mme eimbodinegitancarnt alerd be @perated/indaoupdate
mo?lleI i viich aﬁé Qﬁbétsﬁg rﬁ?lga}nﬂt %}gﬂ 'Bleyanﬁé/%c?g iRst A€ stored video
ey are \

'T'orary, rom pr s stored
contenttdn ithe videol datakasg. cradted eapdearst aope*ssa@ormiatwayceumllation is

perﬁﬁ‘fﬂleQX@ fhiechf rH{i’(ﬂﬁtchWb& ntgéttgdor\h(ﬁ% G485, i théﬁ@(/%

nponents n nent are
of ‘@wwnd@peajwmoaélm Hethlaesyﬁamm \@dﬂq inpt can beeldhmdledwsjwell as

gXols i Th
d'Sé‘%@hHg gmi 1!] ?%E%gtidterg% gl@ﬁtmﬁre Hg%éﬁ eug fea;e ures
Ewﬁweémafﬁpl embedingntise at tbgnor@mrm umvgrattm can be utilised to
poﬁu‘i’afi@t &'@Pét@r}ef)@a?%&e% QlibhﬁlFrQHé@W i09%3n sfe?ET%ECé HSrence
fingerprint pS readuce corre
llbr@wniplr%paat yidap Gﬂlb'dPO iqatipm s Foniscprrpeses she ﬁxazmple embodlment

ma Béro%raatt i abrﬂﬁﬁéeilrf WSS bid ﬁfehﬁl“boaf@Bé& oscﬁlglagﬁ C}@ r&i@vant

arge vi eo col ctions. e sequence l'in

datﬁ@r@stﬁg)eobmgm liprams, &rexamplecdusing |agn igitialrsystenklegdst imereate the
llbr§r’§lt r §Rbi Qnfllé UrSbdfitHedteR @?rﬁs&webééﬁj& i %oﬁ‘%de TiRewhich

cribed verification stage can great

'de@trf@éurgrpeaﬁi vigiee I¢lip 8nd assqciated drja raée:gmly stoménge Horarya they are
diffénéat ﬁ@ﬂnogre\tngﬁslyeém §ata TR § m‘rgliyac s Rfode cﬁ:@?&foﬁ%&p be

a co ter system 700, schemati shown i ure
employeq 0ﬁﬂ9dﬁ@9|qm%mféﬁmdh%\§bf§6¢tmre such as a

c0m%;eeomb%@mmbr&a%%c%ﬁéd.%hﬁé@ ddam fepem&eersutch as

system 700, and instructin e conputer system /

the deitiarne exHactipst metnoes V'f"?ﬂsf@k‘ﬁﬁﬁﬁ@eéﬁﬁémf\mﬁﬁhmglﬁ@dmn etc.
Th& %Ffe%r ké?fﬁatn‘?é'n eZ&}Qcmétﬁ@oﬁ ahdC QIR RhtUrEd Uk ethéogxam le

es such as keyboard 704 and nouse 706 an
emgo imgplaean pbigin %ﬁ%@?“@@@f'%éesylﬁ% RnzRfograg] logpsycorwgercials.

LS cBlok ﬂhé‘érpﬁﬁt%e-l_&er&ige@ %ﬁéla{'@{j%ﬁplzg@ U 16 900 88 dwhich

to a computer network via a suitable transceiver
malRs,ithis pauelation daspd eldg@t@‘@ggort FRerepcht gealphie etohdarggr video

coll@&thﬂ's "I?Je"\@éd%e‘h}éétlﬁﬁ% SHEJ‘ rﬁérﬁin@célbor‘ﬁ’nﬁﬁ cbﬁte\!’ﬂﬁélgnté/Lw}ect
W de Area Network e conputer nodul e

keyffﬁ@eé%rﬁﬁﬁ'@ $FRIE ghd de urﬁrceau?g@mn erys. dhralgaginedvestieation
stadé BN reré{?yr?@ r&?&%@eg.oﬂ BB O Q&hﬁc:ﬁ&i&éu’ (ROM 722. The

co u e al so includes a nunber of
| nplite fthed apd segtemefdpe sxamplg %qnbodlment 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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exanple I/Ointerface 724 to the display 708, and I/0O
interface 726 to the keyboard 704. The conponents of
wao b@7osamput er nodul e 702 typically communi cat eP@T/&G2005/000379

i nterconnected bus 728 and17n a manner known to the
per I .
O£ SBIplS Inbdyiy T2E cpATed') g ENTARBDRGRI 772 via o
sw@?@iﬁ) treagceiyelt Qawcm@%,ntvoae@ble racgesit@ esg. oﬂwagletemem anpther
EPMs0 e r
e e O Peoba i vy daemict (EAN o Aide 1488 Netyyor
(WéNdata storage device 730. The application programis

reaﬁh@%@nfp%%rrtﬂbhﬁl@ 762 i ?heeéﬁgrﬂ leoﬂcgﬁeg he ngpr{)cgggérs?h a

718. Internediate stor%% program

Rapdarp isicpsh Memay (GANAM wd FReadOdy Mmrye(ml\d)/\m\%r The
corﬁ;@@tef Ho'dﬁter?éZ QIQO%({WJJ%O:Q nBfnbeF BER gugb'ufbut él/O) mterches for

dentification in video data according t
eXQé%@dV@elﬁterfaA? 824 o gbe, display v fhoarthtif IIBtep‘anHGoftmdhe
keybBhRY Po4lered video units utilising content-based
keyfranme sanplin wherein each video unit conprises a
. seqﬂi&]@empﬁﬂ@mtﬁ 'the tapsmvitermoduies ERLbpicallk epmmavnisate via
an fHteRbRRe&8¢ bu¥ %’@ﬁ&#ﬁ b\gﬂa?{hé’r%dd\m {oSKg\%r g\erg{)ﬂ %Rfﬁga én the
into one tine-indexed video segnent f st
relevast fdpeat clip instances are identified based on

cortfied abb&%neﬁ ptr&?”fa}'ﬂ Qel?pésm%;gred%qwlﬁe?@% B5Rbéter

can rovid a real-tine short vi eOCIp mnin
Sysmfﬁ& GQ‘FQﬂedn%ﬁ! o dataostaraasnansditn |spchii aﬁc@v@DyR@Nb et flash

mehRPLEbVI¥ESISRY RABEIsMg 4 Qﬁ‘réﬁfogi@m\é' 9 gfd?éé] ERtddAN drive of
robustly and ff|C|entIy Exanpl e ts can
a dgfacstrepgedevies 73Q.méhe i@@ptlcanoeézfognaﬂm isnfiead rand controlled in its
exe%Qf?éﬁ ByURE %roé&tsBP¢13hethér%\éd%@@T§?dr§g@|o$ r@g?rgﬁ{ #88a maybe
| ogos, “sports video replay |ogo, ne
vaOQMSB%ﬁ 4sigg RAMA¢00ot her di verse short repeat video
cl ip§urean Qﬁoﬁé nedidmper BOE iﬂﬂé%i%@iﬁ&d aﬁféﬁ{o%lt '&p %PQat clip
net hod. Exanpl e enbodi nents utilise™|l oca -sensitive
identificationgini @d%é%#atwe&'rtajtoa% ea@m@lemmnaentoﬁt stervBQge dhe

vidS R8s pafitibhad lrﬁB Qfderdl YRR CUHIR Lmlﬁhﬁ Qoﬁt%rr\t—ggsed keyframe
efficiently perfornmed over |arge vide0O collections,

sampjing; MOEERIR Each MR HNK GOPPIEEn G SeateHCe dnfearal befween two
conkB¥UtRRASaNfesa AP ls%pﬁmck EBRSTUBFE vRRoURAE afr@ 'grouped into

variQus short video clip mning, including T
one-RAdNdeXedviden sraraant @ga AhsterdB06e e mpeat glpbmlsances are
.deﬁtﬁehaaésba%ch@rgqionq)fftﬁ@vulaS%gﬁ]%ﬁd& one second to

several mnutes ments do not use

bl @@m%mquwew W@\@@%ﬂ% reeittisea isbart videe edlior mining

applafatGHer RRHESE NREMaU-AE dlé%o(?él'?tgh@ﬁt eg)gzg[‘iﬁ%%o Qbgrh&fts from

exi sted nethods for TV conmerci al
large video collections robustly and efficiently.

Example embodiments can provide a real-time short video clip mining
apparatus/or method where TV commercials, program logos, sports video replay
logo, news lead-in, lead-outs and many other diverse short repeat video clips can be
mined under the proposed apparatus and method.

Example embodiments utilise locality-sensitive hashing is used to calculate
auto-correlation of video samples so that short video clip mining can be efficiently
performed over large video collections, for instance, hundred hours long video
content, in a few seconds.
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Exanpl e enbodi nents utilise locality sensitive hashing
of video clip features to reduce conputational cost
waele@snsaat |y, up to 100 tinmes speed up can be BCHE@Me8000379
So the proposed nethod cani®e used to nmine |arge video

| ' : toutil

o0 LSS oL L s YRPLE ROLL BNyl i,

inclifing é?\@ccpmmerqaaisj m@amrieadi-em@idﬂsaﬁ@ut rsep&satedMy??go _ran%mg
bust efficien

o84 6o B LB BEIGRRORED, 0Pl o

errbEk@Hrmiﬁt embnpdimeuits, d@utnoartsendulackl framed foo, T¥etomoercials
ool LA 055 oL o RS Ty BRI it
meﬁwd@fcmtwmmm@‘ﬁ dedectivat a creation and personlized

di . ' . . .

T SRR R0, EORAGY o Bt P s

to reflugs eagnpubationgbeast drasticallyj dety €00 tirsed eperdeupearabd achieved.
f

N )

pr o@ﬁ%ﬁﬁe epodinegnd atlle;etr@prtmlfomagtw:tedrk&asfearpes)mohﬂnenr color
b 9 SR 0 SR Rl AT
robqﬁ@néﬁé‘rceentph@raggmtnarcelrtaneshort vi deo clips associ at ed

Wi tA‘pﬁhBé’%s%f(&Eﬁﬂé&‘%é&ménfy|M;lu<% St bR hc?"}‘rﬁl!%% SR top

pattern esu one can di'scove
boxdreRlicatiens; dretwerkt sasverhbasedy applisatiorisp VR, h@VDR home media
cen?é?r \Fl&é@@é}ﬂéﬁ&wﬁbt‘gﬁ& 3\’! ?H{e?ad%?é]crlggh&?&l%]? ré&‘ﬁ‘zgﬁj media.

e s eo C

one of I PS Na be repea sever
t i nexample grabetliperts peary Pananmied etOOtIIIde@ §tnma§dr¢)eanaly3ls For
regt r 0
xR TR 0 S 18 wil o inchfY S e B BihafePl! Efdr o
progiagt eradipn.siueh asé‘mea@lalsqfcﬁpprtaewssm the fixesbrgadeasting prhgeams
t o} f dfy
such b o PBa RS bitghams, Cho et 0 g, YiiteCpibgram
Sect}?'tﬁe@'ed’étl%l'ywéinﬁ@tetnﬂé agRRgRsl ie tlaemamqs wemﬁorccbf&remth at least
for B%ﬁbcﬁ‘ of ifie. TPRRMrel ﬂ‘l%ts@lﬂfa%ﬁ% Qﬁcfhogg?é’lgﬁg %‘%o?iﬁtée@ with those

nporal axis to VISU& I'se t ]
Pfogfﬁm sardiens withalse fallgwdhe samecatterne Ax gl rebuldf dnsr cari discover

the %éthl?dt%heofatﬂé|s)l‘x%l'tsv1&iéo bR %@Ebﬁésﬁh&ﬂé%lﬂmﬁ e can be

structures forned by one or nore ort vi

recenstiyclieds ramesf thatsher videp dies meyehe eapentednevast kmes in one
day@l prBgram WARE ofBFK @by ‘Ble'r@ﬁedi'éd’ bf @er?%t \65959 OTAGERE one may

stream | nto sectlons prog rankﬁg
collpgi sexerpbaavst prgrangy °Yﬁ5t%ﬁ>@ﬂ timeepeyiogitp slissorensuch repsat short

clip®@ardedohd&dl -a Wead strucR Y BHQ{BIS g8 FBIIB\MSV' al marker

|nstances are renoved, ch 00SI ng he remai nin

g‘fﬁqr|'%ﬁfv'ngrmdalﬁ%&nga@pgéfgﬁ?@ﬁt\@dqw\mﬁ flaesthe sollected video
datéj%lﬁ@'tlb@ efé}ﬂpl\é'éﬂﬁéboﬁﬁéh{fdééﬁr@oedﬁwé?bﬁweﬂ‘teer‘ép%ﬁﬁﬁaﬂ?éé éf: be

used to fully describe the structure ri butes
PlotiesRns a FF&@P%@' %X@ftewrSéallqedhaéoC@tlw ofdrinstangesl Thaserenptions

candeLestpiitiea ol Vide P EHGH@E driysiRar %F@Gilﬁdst%lé?é}np O|'fal éop’iif&tures

i nstances are nei ghbouring, there is directe

formgdt et PHaaTe @mae 8teft Videe Finbinsiasces, cwfmh Mgy be rli%ferTEd to as
marfteSEIRRC eTHasE Wefker dhBs LRI tﬂét\/ﬁfé%%té‘%r ‘éﬁéém 0 %%&er@%nd

section attributes are associ ated 5;
program types, characteristics, or both of the sectlons may further be derived.
Next, redundant and trivial 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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Because di stances between marker clip instances in

different day prograns may have sone variation, the

wa@y@raspa1li st ance between the instances nmay bePCE8G2005000379
the edge value. An inferred9structure G (of the

' t I cord ,

the{ UL B BB s ot O e fod B M K g Serea

thed@ifefoeeoegtaphoplfct\n@emsiaones a#&gaerghbmurmamme ipfa dinedted edge

t i p. r r ded
oelfBgh i cane cigh Ao REZ ] Rl Gyetitbel BN e two
instaboes aﬁhwel! espprograror sketiom radtridutes aareeasd@elaimie withrathleeedge.

t t
BeRRE SRS bAREEY Hisier O ptefest B BB ab FOFik may
haveegfinee Nartlatensthﬁta%veb%geaelsvaobé bameem)the)mtamee nay I3 usedh as

tered to only 1 node in G or null node. 2) Any
theté\?igé%g%%s in G1 cannot be registered to the sanme node
G A infaged strpeiuegl Gofofiéhe difeatert gmpbhcantthdrebe lappligetto new

recg%drmosﬁrﬁgr%h%ntoaé@%étﬁ Y??%‘%&%néjnée‘y d&lﬁéﬂ% t]o})ic tctiaws

Str representation o e ordere
Agelndmsancefe@fdnezﬂtebyhcst aiins B¢ firsthewardheddn tieenéwngesded video

Pfoge ! vveen e %\?\%&g@??&v}%h%ﬂo Jng&imé%eﬁ}g% él %FHEE%B& distances

betyeer rrtﬂrlseréhprg* @mmstanmﬁp ulextt the nddes ef @i cee tf be registered to
theHoRbaBIA. LRhUPRRS K TeD8iRns Tt il LORIGM. t hat

achi eves the smal | est stance rence 1's chosen as
opt PméInernagiedn Fdtdeorbe rsylswmcbio qnéyyl sedeaini@er hgl node.

fi nhshed. tus b nBass A'e PEMBEARRSALILA, Ik Bhitthode G.

autonmat i ca acconp SucC an exanpl e
enb%)duT@erﬁempwl Quder ofinedap parnst he shangeda per son skill ed

in Tﬁ@re@(s‘irah&?‘%g&h&gﬁ\rrﬂé‘fbé/ a5 \‘&HEWQ'“S and/ or

fications resent invention as
s hoWn Gai at&ﬁf@&sq@@tesenf@tlemmb@ll ﬁlﬁerqr@erw nhdeg inde pad G Thgenoted

from thessgd ish. arsSHRRS goﬂ;iegst'aamd Q b@é?@n%e@”w.m all

descri be. The present e ts are ere
be co@@ﬁ%@ﬁ@bgnrﬁefﬁﬁlbei’v@?péh@bNCtﬁF"mS$Iahd|§t1r ative and

not oy @3 Idagh i pRsibR SheMniVihit, corﬁptggttné?dd lﬁérehéee% dfﬂé‘ B8tance

repeat clip instances In vid

conpr ibstween gliantodesnThy aligrmentdeas ashiexes theosraaliest digtance
Vi deo gifidried bhdsehng o‘bﬁﬁltaﬁﬂebﬁﬁéﬁcﬁ'ﬂ keyframe sanpling,

wher ei n each video unit incl sequence i nterval

bet He et wisdissater ulsi Visiskeds rigass ; stigagupiaseatatiosads also
two C%Uﬁﬁféﬂlbéllﬁﬂac%bt%%ﬁ’sliéﬁ'lﬁ SudHiiPe Mol Eoliffexed

vi deo segnent;

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, to be considered in all respects to
be illustrative and not restrictive.
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identifying the repeat clip instances based on

correlation of the video segnents. 2. The nethod as
web@roediin claiml, wherein a fingerprint i s PCESGHEES/000379

for each video unit, the fillgerprint conprising a
cLARREenNt - based feature vector. 3. The method as cl ai med

Inclaim2, wherein the content-based feature vector

is based on one or nore of a group consisting of a

coI br coftmethodaaf idesyjying sepaptalip iastapgeenin Vidawgthta, the

‘%mb&g@ctiviti es of the video unit. 4. The nethod

asc n any one of clains 1 to 3, wherein a

cor patitioniog thewvider dsta intdeodered iretosuriitsoutilising ¢amgertt-based

j [ % 0 cor 0
oy, Briie) NpaciEin Seh 850 M Tadidds & SRS nkhva
betiiernitwd erpseatitive keyfsamesit s, and the repeat clip

i ns r t e

5 gjﬁgﬁﬁ%tﬁl aétqﬁlgldgn%% tlfv%%édjgmg o# l)ﬁé - lﬁﬁ%xécgwdeo
segihentedind a correl ati on matri x of vi deo segrrents from

t wo; re e . .

cr oSEhlfyFloCiHe [ ol EBnkSs ML Teh $BRERNEH or theayideo
sefgmgni®.es of the time-indexed video segnents, and the

repgat c 41 P

cor?e | at J;ff’(u)e%’ rﬁnégfﬁé@‘gg %%nﬂ[eq it @Eﬂ‘[’nﬁ A yﬂ%r&h I||ﬁ£é3‘p{|rr\]t is created
for epel wislea uit, e fingernyink campriaing ar ¢anjerijdiased featiitevsctor.

seg nts e I na u It

of ?gentﬂééaqugghggog%gﬁar'r@ﬁtg smc%pré'rrﬁz%oﬁ' e%@g{ gpé’rb%n?éarhfased
feafuie tviestor i based po mnnmrrmﬂre ofal group eesisiingodfigpsolar eontent,

I
on I Lty 29l OAgh aid Auc oL BARS deliceB .
whet-ei n big ynethed tasnelaimed deangfons efrslains "1 'to & evherein a
corra&wrﬂﬁguwa%eaa é@@én%ﬁg é@mﬁrﬁﬁe m&gaeggglsﬁé %taegﬂ,ed based

matri x 1's not recor clal
on @énaayig-cerrgtation dfihe Hingetsingy apd ey eomasak featyres o the time-

mdéfélfr@f&*e% ddyrhdifis, CQﬁ %é‘tréﬁ’é‘étr@lbrlhtétraln)@(@% Itéééme &‘%\Stﬁiggrffcﬁﬁ the

onpr i si ng di agonal y adjacent” ma
COF@%@WBU% "1", for identifying the repeat clip

| nsi ance?hég?éhoa_ he BBinhad w‘f"%ngl GHeTBF cldim§! 1alt5n38 ‘wherein a

wherein the |ine segnents connécti ng proceeds in
corrglatiany giatdapf Kigeo W@tﬁ frang twe differbhie inpug @ld;e@gnerdesiwed

basd! n %r&s%nesrrbnat?o%ﬁ uﬁ rr.ﬁ{,e@ﬂn@esﬁ@%n {eﬂjlﬂrﬂifi\le%amfes of the

connectln less rella e segnents wt
timg-indexedpddep gegmaatss agaethe rseaatd@irwmsmcesrwée idariBed feom

the(‘do%mgnlnqatg;(al me 8 or 9, wherein the connecting of
the |ine_segnents is based on a tenporal relation of
t heB-assothatmgthef gag claimed in claims 4 or 5, wherein a similarity

between video segments is 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 identical video segments.

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
connecting line segments in the correlation matrix, each line segment comprising
diagonally adjacent matrix elements of the same value “1”, for identifying the
repeat clip instances.
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sequences. 11. The nethod as clained in any one of
clains 4 to 10, further conprising performng a

wO omalsiy2 sensiti ve hashing to identify fingerpeT/8G6205/000379
t hat are within a pre-detentrined di stance from each

ot hgr, ﬁ Cr?!aﬁ'\%haéé Q‘%dent :Tf{:‘. %rﬁf 8, L e 1R %‘&\E?@eﬂ]néents

rmtrlx on or sard i i dgerprints.
conmnsactiod pa@,cetﬂdaun@dhnerarcmlaalnwa& wlvmernelmst rediable line segments

WItFI'epﬂﬁlrgﬂ'Lbnﬁ Sargrﬁ?stt% gm? Iok«%tdo gc%hﬁeccﬁnr ! I'%gs rglla le line

t he 'S a
Segmemtes:ptbmjlermgtha1tth@xpel$c|l)edme\segmenglammndanys 13. The

fur Fﬁd A%h glrﬁéthg&j a% r&lazﬂﬂgd %“éla%s o) rgg%hdé ég tl gt;??%?%ing of

conprising acti ng
thef Gre LregnEmtpas |tzasadobntméem¢eral i rblaéldnrefpﬂm asbogiated video
Sei agces to verify said repeat clip instances if a
onpari son neasure i s above a pre-determ ned
t hr #6hol The Imethtbeasreddimgdain ahwiored of rclainasi M ©310, further

cotfiRpoFOmeh! BIaRBNGI L Radh TN ket e
withip. a mdn’afmmmdistamerfmm |eacanqthen eanuff cajbalating 4lenoents of
the%%rreﬁ#fo%hﬁétr&%%l’o?Bglg 1&%9%38 '?lg ﬁlast clip instances

eren roups of mat ched
r epéat ch'hg mmoaraseslammm ohura tlempareain thel firigeppririts @re

trargsg&‘ﬁ? tge aﬁﬁosq}ugg%egn tﬂﬁohac‘& ge pl|% 'ﬂ'nee rig?tt Qt‘?ﬂgs

I'n-an epre alms wher efn

correa@ondmgftoahesasareetwajmrmré@, based on a cont ent

hi stegr a f i deo st h

met lri}%d aghglrglg@rr'% |££n m‘é{d &‘ gm?fvhere f}c{l @g‘c‘c‘)rlft% 1% further
cornprsing r eandsioting i @e&amedlyl-fmmhl fraogr deatore ccomparison of the
. j. : ' e o
BB o e U0 SIS s 075 Hon
megsuneVip PPk m@ﬂémlnemhréﬁheld’ret hod as cl ai rred in any

onespf e RGHGH bOLIAInBH TR ciathel Sl cthdtfid! Bty cting

conpri ses one or two stored video 'colle
a frame-pefraoe kaindead mnswndnyvmf@doepeatanllnsnslam@sl7

wheggei n t [ e e

col | 2cti ThE JHpied 52 e oi 977 Bt of SRS 4 6°Ra, furtper
corgprisingi lalelingn ramat agHip instanees pre deltingina Itai sesne vm‘edlé‘erent

' ' idh £ L Ie. : :
o JEHAIAE EREIOEIFBIR0R, LR ) SRk xbhone
beWéﬂéh%aﬁmléﬁé@ Miggoiseqpendas: ned of f-1ine. 23. A system
For 16 deNThé YhBlhoti®BE Aiafiidd i "ShARAES of the! S18EedIRG Feraims,

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 data comprises one or two 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 collection data and one video stream.
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system conprising: a partitioning unit for
partitioning the video data into ordered video units

wa@Rio7isitny cont ent - based keyframe sanpling, WhECESG2005/000379

each video unit includes a28equence interval between

18, conSESULLIBA YT LANRS (R MPERRSBE tha'pREAHRG "dlaffls,

. rve Vi units 1nto
wheteumrﬁ-re methodds pedemnekipmentinaindealoime dent i fy| ng the

\r“egg Sibl R 'tﬂé& %gccq%n%%s!ﬁda ol bf Sllag'ﬁé qntooiO Wierein the

ta storage nedi um havi ng
metlﬁobieqxdzrbhaeéoff-lmerrputer code neans for instructing a

uter egut. :
. ét%?ﬁ é%ﬁé ﬁ%&‘ |§e wﬂﬁ%f}gge %Ig)d aﬁfcﬁhgg n\%?éf%g?ltra]éa the
systemrddnhprmmgng t he vi deo data into ordered video units

Ut L LSk 600L6L BASR GRS YR o> asm! i RDordéher fidBo units

sequence I nterval between
utiliginvg contesebased keyfeane aapwplingr vihpreiy each| \ddeq upifdncludes a

L Lo s i ik o e ey

baseprooassmorfioelgaouping @it ledss Modg@'\@@gh\nggieo 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 therebn computer code
means for instructing a computer to execute a method of identifying repeat clip
instances in video data, the method comprising:

partitioning the video data into ordered video units utilising content-based
keyframe sampling, wherein each video unit includes a sequence interval
between two consecutive keyframes;

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

identifying the repeat clip instances based on correlation of the video

segments.



