WO 02/ 21529 PCT/ EP01/ 10255 An apparatus for reproducing an information
signal stored on a storage nedium The invention relates to an apparatus for

repr oduci ngv@@oi/ﬂgﬁr mation signal stored on a first stor;g&lz}q@z‘i um the

apparat us conprises: - reading neans for reading the info 02%gnal
fromthe first storage nmedium - output neans for supplying the

I nformatio ' FRr y S0l ‘nﬁf&ilﬁ S I lL.e 4 nput neans for
recei ving co nds to. rxﬂ%uﬁglg% userau?%mg%gétg{s\ea{ahea%%%at on signal. The

invention further relates to a nethod of reproducing an information signal
stored on a storage nmedium a conputer program and a tangible nmedi um and
signal carrying said conputer program Traditionally video is viewed and
accessed in a linear nmanner using the basic VHS tapes functionality: play,
fast forward and rewi nd. Video recorders based on hard disks are rapidly
appearing on the market. They dramatically increase the anount of stored

i nformation,  which caRiReaBoPR1aA3%6 maﬁﬁ?ﬂ%yﬁcﬁ?%gﬁ%gg’%%{%l and

functions |jike fast forward and rew nd do not expl ol
nei t her heoredsamdirgt storagsimndjum, thsapparatye camprises:cont ent . The current trend

is to provid : Lt . O Vi ' R . description of
t he content :tﬁe g%pcom%oﬁ\gél n é‘?ﬁ‘é’%ﬁ‘%‘gﬂnsﬁ%ﬁ%ﬁﬁgﬁé&%@s‘% create a
standard set auputimemsifirtsopslying therinfoimatiod isignalaoh disphhy ulii s descri ption has
to be exploited in q@g&é}nawa as.to allow home users to search rapidly and

ef fectivel y WSEHFORE Prfgerivipg eRmumsnds torenablegn ugsr tq acegsathes ¢ he

user-system iiﬂfoﬁﬁﬁﬁhis%aal' However the easy to use and intuitive tools are
restricted to performng keywords based search. Up till now fast forward

and rewi nd are the rdsinvestgnirthasgatestogsecthadsifsepreducing e informationhyignet e
vi deo mat egg 'tcﬂﬂxﬁnr@f %éﬁ | LU \é@;ﬂfnr
becom ng i?gﬁ%&’ggﬁgﬁ%gﬁg’f’& the d?rg t %:Ha%r%@ébéés—% 0 %F%gﬁn%mta

that can beaideemmeer programene devi ces. WD 02121529 PCT/ EPO1/10255 2 It is an:
obj ect of the invention to provide another easy to use and intuitive tools
suitable to search rapidly and effectively within video material such as

hours of recorded Arafjticnatly videsliztviened and sdcéssed inadinsar msauaér Wing Metbatic €s or
slide sh ORrys tapes functionality: play, fast forward and rewind.

Video recorders based on hard disks are rapidly appearing on the market. They
dramatically increase the amount of stored information, which can also be accessed
randomly. Traditional VCR functions like fast forward and rewind do not exploit this feature
and neither help users to rapidly browse the video content.

The current trend is to provide, together with the audio video information, a
description of the content (the upcoming international standard MPEG-7 aims to create a
standard set of descriptors for multimedia content). This description has to be exploited in
such 2 way as to allow home users to search rapidly and effectively within hours of recorded
programs. The. major issue is the user-system interaction, However the easy to use and -
intuitive tools are restricted to performing keywofds based search.

Up till now fast forward and rewind are the most common easy-to-use tools to
access and browse video material recorded on a'tape or disc medium. However, they are
becoming inadequate because of the dramatic increase of multimedia data that can be stored
in home devices.




An apparatus in accordance to the invention is characterized in that user 5
controll abl e i nput neans are adapted to receive a first command at an

i nstant, thavemmsatus Aul ber conprises nmeans for contr gdrmpflg readi ng

nmeans to start reading the information i gnal from said storage nedi um at

a second position in the information signal, the information signal at _
sai d second posi ti onlt&stanwbiect of tiwiinteltidn tb yrovde Andthe chsyfto hegrind Gitnitvegnal at a

first positjan r at said.]nsta pf . receiving sajd first co nd, or a
part of thetlo%s?lﬁs]gttmf"i" W@%%&@Q@YW&&W{I@%?H?%% S 8he j nvention
i s based orretdiedppddrai i dattlSQOHKH infaBes, Ach@épgaﬁrepéma@mws.such as news
prograns, talk shows, weather forecast, are broadcast very frequently. In

these kind of progrARePParRIsEnaacerdanss o the invention ischamctarizedn thatysen he sare.

Fyr t her npr econtrbRbRARFE mPRl SRBIARESto rbefre RERYE it i RS, E B NOT mal [y
during the ghange of news itens the 15 newsreader is shown. By searching

for inages Taprisermeans fas canteolling the sepding-means to sirt readieg the informatien t o j unp
to the nextgHaIS ' | s cﬁuldlpﬁ | : an imge in
the video stT earﬁt{lgﬁgﬁg %eé?&%%lﬁous @?&#?gﬁnﬁgﬁéﬁ%ﬁél% eferred
enbodi ment isformation signal etsaidosecand gosition shawingy similatityrwith the brforeationsignabat of t he

| evel of sijg : . i e based on | evel features
extracted from E%Xl\lliggae%ﬁglaéna t?illl Eg&a@osffé ,ﬂ?%%Pﬁ?i?r%%%L@%eZO and edges)
or on alixi |ingrmationisignateead prior to waitl imtanhi gher - | evel descriptions which are

S ar i mage funct | R Rt i Yes P BE BRI miner ook, Ry EREERE G ar e
conpar ed ard newopmogiams, tak shepis, wéatler fardcast, dre/broadeast verEfeiwmtly. biatkdge kinhge
retrieval is a well:known techpique in the ltinedja retrieval field.
This i nventT 81 %I%@kbfg#%mﬁgg%%ga%ﬁﬁe&&%&?m% QB SR £ ul |
intuitive grthonectyindpregray. Ina riése piogeim dopmalbyr duvisg 16 ciange of shsatemi i@ goal of
our invl%ntion is . tp ﬁl | oy access points _t%e% datmﬁgased on the video
cont ent’® DREFTgadenss s Y SSing for poagss ingyhichdhe pevirraderds presgabt Wil bec cessi ng

the video qiketo juink & thé S¥xt SATRIE  This Kadire bIARRIEE VYRR frohl @ S in
inmplicitly tﬁel,gct s the current inmage, as guer};1 i mge, ‘the system perforns
t he oper at i®BhEdeqSEHR Re¥t (PEviques), sinadlag ongy In ageferred embogdithest eftheyn| v one
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resul t wi t HndelBor M6 bibbrity @AREA BhdbvaRbhtichbfRRIIAR] S MmilRy betiBn Wb ?#%352] and,

finally, it junps to the correspondent position in the video s This
f onct i onal &y bebayedien lpwpevehfsatures exitacied fomdhevideosianal (ke calers testurehshepear ch
directigon. zhidedddiSor Vo XuxiltdrEmBim¥t ' junp to
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used. Content-based image retrieval is a wéll-known technique in the multimedia retrieval

field. This invention employs its results and gives to the users a powerful, intuitive and very

25  easy to use tool for browsing video data. The goal of our invention is to allow access points
to video data based on the video content. During the normal play-back, or by using another
way of accessing the video content like, for example, a key-frame browser, the user
implicitly selects the current image as query image, the system performs the operations
required to retrieve similar images, it selects only one result with the farther constraint of

30 being the “next (previous)” and, finally, it jumps to the correspondent position in the video
stream. This functionality can be implemented using two buttons, one for each search
direction. In this way, the only operation a user has to perform to jump to an interesting part
of a progtam is to press a button. Therefore the invention is especially suitable for
supporting end-users in browsing through video material in consumer digital video recorders.
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3 These and ot her aspects of the invention will be apparent from and

el ucidated by means of three enbodinments with reference to the drawings i'n
whi ch 5 Evpatias2at s of the invention will now be descriRERERNINET e detail,
by way of exanple, with reference to she drawings, in which Figure 1 shows
an enbodi mrent of an arrangenent in accordance with the invention. 10
Figure 2 shows the steps to be taken to be able to performthe junp to next

simlar image functionali ' o 1] | : ' rocedure
W Th & visual it omtete g ghnfs aopldfSrineintendd Wb pokid S G PO
enbodi neby nehnsof tiree emigpdiments with mferancel torthedmaivings iowhichl 5 | nventi on Figure 1-
shows an enbodi nent of an arrangenent in accordance with the invention.

The arrangenent conprises a reading unit 2 for reading an infornmation
signals stored on a storage nedium 4. The apparatus may have the

functionality known from video .20 recorders. or Set:Top baxes,, whicC
conprise a recordi Mﬁ%%f@vqnﬁ?% qvphe ‘ﬂﬁgﬁlm'ﬁwgﬁ'@ﬁ’abywysq?gnal
stored ORx#nfé,SHidGefefRbe N irawimgd, il Which such as CD or Tape) or on a

recordi ng device such as, a Hard_Di sk Drive. The information .alitﬁnal coul d be

any kind of i nforfiers &shqvan embodimentof an apangoment inacoordance wyjth tig,
preferregnepigd nent the information signal is a video signal conprising a
sequence of | mages. However the invention could be. 25 used for browsing

throd§h any kind Jfigwspshews thngensiio beigkensto be able toperform thejwap I4nsxby on a.
recordin ingﬁx‘i“iﬂﬁﬁe : | ection of slide shows. The storage medi um coul d
be in thg orm offagcnl—lar_ ’Di sc_Drive, a removabl e storage medium for .
exanpl e an opti calFigured ilfusirates the exixactiongprogedyre gyithaisugl itgmyefS diffesnty.  However.
any ot hercoﬁ'd{t&?' e storage nmediumfor storing a huge anount of information
coul d be ‘USed’ The information si gnal read fromthe storage nmedi um 30 is
supplied to an outFiguredshowssanpther emhodiment of anirerapgemsntinercorapes witiithep| ay
unit,lsno. . The display unit could be incorporated in the arrangenent
The arrangenment further conprises a user controllable input unit 8 for
receiving commands to enable a user to access and view the information
si gnal recorded. . { ' ' it : in the
formof a renote c%;g@ F g%ﬁ&%ﬁlﬂ%ﬁkﬂ%%&&%ﬂﬁgﬁ%ﬁn bvoRfafidethhe
invention. The arrangement comprises a reading unit 2 for reading an information signal

stored on a storage medium 4. The apparatus may have the functionality known from video

20  recorders or Set-Top boxes, which comprise a recording medium. The information signal
may be a TV signal stored on a prerecorded record carrier (such as CD or Tape) orona
recording device such as a Hard Disk Drive. The information signal could be any kind of
information that could be displayed on a screen. In a preferred embodiment the information
signal is a video signal comprising a sequence of images. However the invention could be.

25 used for browsing through any kind of collections of images, such as pictures stored on a .
recérding medium, or a collection of slide shows. The storage medium could be in the form
of a Hard Disc Drive, a removable storage medium for example an optical disc (such as DVD
or CD) or solid state memory. However any other suitable storage medium for storing a huge .
amount of information could be used. The information signal read from the storage medium

30 is supplied to an output unit 6 for supplying the information to a display unit, not shown. The
display unit could be incorporated in the arrangement.

' The arrangement further comprises a user controllable input unit 8 for

receiving commands to enable a user to access and view the information signal recorded.
The user controllable input unit is preferable in the form of a remote control. However, the



WO 02/ 21529 PCT/ EPOL/ 10255 4 use of speech control may be suitable as
well. A controllable input unit in the formof a renote control preferably
conpri ses aV@E§2/Mi$ generating the conmand " Junp to next PETMEPdIZIN255I nage”
and a key for generating the command “Jugp to previous similar image". The

commands are supplied to a control unit 10. The control unit is arranged
for cont r olUs¢ efgspedeb centrobmay begsuitable awell\Wecontrbiiabledaplit nyit imthe form of @ nor mal

pl ay node i next simla gontraol upit is
et od 1 o ‘Sp8ECAAERERBly SriphE auBy R BB ee BimbeiL SRR et Meore
and to j unpmage”anhekey fongegeratimpthe gorsianid!“fumpto presiousidmilar iplage”s Ths t he i nage
read when the ju to _ne simlar .l yage, co nd. was recei ved, t hods of
det er ni ni né’gmm&@? Wqﬁ&? ﬁﬁ‘ﬁ’&gfl‘m@@n W?gg&t% lwg@rﬁb@@wlg{ﬁ%'ggi mlar
ijrrage_ wis! | réﬁmgl]: 'dnit_zbmwwdgﬁgtﬂqai@f%ame%ﬁﬂplayiﬁadmlrdep&a@?bfaﬁh@wi s]tgal ]
escriptors of ,an inmage . be specified by the colgr .information of the
i mages. mmmg?%ﬁgwﬁﬁﬂém& 44,10 s1gp wadipg the informafion signal fromdhs e

descri pt i oRecdfditig@edi@h k@Yo jirlp RGGRKEIRAEE g kiAa1MARA destliftBd 85 fle inldde
arrangenent further conprises a search unit 14 arranged to find the

next / previ 6td ngeﬁﬂﬁed\‘mgﬁd_&& sipilar dmagecemprnbasgeocived s Methodpofletermipingyi ous™
conmand t heyhal SmABamaghs dtishd Whhtl thd AdkBér HBIERE Shalar tddSe M&Fﬁ%ms'll%i@%%ﬂdor of

the information signal read at the instant said conmran ven. In a

first dfbodesealiar inmoserlstat] ckhestsuallescriptors of en bmagp may be mecified byithe colescri pt or s
for the infypotaRki, | rlﬁﬁﬂ: Y, : ' .tui%ab?jé/ 1ng the visual
descri pt or 1%D([;r.r gsggﬂtgib%%@%sé t ev%nog%e?engﬁg%b%gn%esr ea ’Féc%%gglgdat abase.
The dat abadesceplionpf thecontewrin accordandedo the MBRGER7 stedflardn 4 t ogether with the

i nformati on signal. \Qﬁéﬂ@E % ﬁg g gay! ﬁt e [ very
sui t abl e storage rredll‘ﬁgm a crgéﬁs}i e @r&@%} searcC @nﬁ@%gﬁgﬁgi]% | e the
dat abase coetiprévious similetinmge. aAfereceptidnivdt “skip ta nextépsivius” vanemand thent er net
connectsi<on ihﬁ | ses, i, nfor l,Qn out t.he.i in the
i nf or ITHI i onoay gnéi%@gﬁ%e%ﬂﬁ%%@aﬁ g%%ﬁ%&?\%% O%ﬁg’qlﬁ%?g&ﬁ%si tions in
t he i nf or minstaphsasd cpnaand Was gieern rip ladirst Embddimerit bf the seatcdhainit thegis@imines the
recorded vide ragra he .dat abase conpri ses table with for each 25
scene in tH&u@i%%%%éwgowgﬁm%ﬁem%@X’@@‘gﬁlﬁfgﬁﬁu poi nt er
to the nextdesmﬁﬁﬂof autrespioading tothSnforiktivn sighlﬂargacﬁﬁmg@ﬂatmsé hﬂlﬁ\dhﬁwdae SuRDr am and
a pointer to t revious simlar visy escriptor in_ithe video program
Thus when ﬁ’ﬁém‘egl?gﬁhets ra}?@ﬁ";’b‘?‘b fogeraer Wi ﬁli‘ﬁsl'ﬂ%n? on sigagly ,Wquliéhesearch. uni t
reads the demwuselcdld teasRel 6 verylsRitdblestaaRReedimd dc88kibik fof 8 SbaRtAdnf URR! | €S
t he position of1 h ext/ vious image to the read unit, 2. The read unit
30 starts_rem?lé‘eg?@’a?erﬁ"%ﬁ%?@% T it ig aceespible vig ByinemstRonesstion, t he
sear ch uni tThe4atabase comprises information about the images in the information signal having

similar visual descriptors and their positions in the information signal. Por example if the

information sigpal is a recorded video program, the database comprises a table with for each

25  scene in the video program a record. Further more each record has a pointer to the next

similar visual descriptor (read image) in the video program and a pointer to the previous

similar visual descriptor in the video program. Thus when the “skip to next/previous

command is received, the search unit reads the record corresponding to the scene currently

read and supplies the position of the next/previous image to the read unit 2. The read unit
30  starts reading the information signal at the position supplied by the search unit 14.

The database could be obtained from a service provider via any suitable
connection, for example telephone line or cable. The database could also be send
simultaneously with the recorded program. The database could also be generated in the
arrangement simultaneously with the recording of the information signal on the recording



The dat abase coul d be obtained froma service provider via any suitable
connection, for exanple tel ephone line or cable. The database could al so be
send si mWe eaRI6As| y with the recorded program The dat REHERMIMRIFd al so be
generated in the arrangenent sinultanepusly with the recording of the

i nformation signal on the recording WO 02/ 21529 PCT/ EPOL/ 10255 5 medi um
Thereforén@dm;n.a faw&bemaqa@mp@nsmmmon@m&m omotD@nsmorde ng

recordi ng, Q&?ﬁ E![BJn Q&ngg%?g

i nf ormat i on st gnal 1's supp ‘?%856 ?hﬂ ext ract I on unit ext ract ion unit
gener at esexiraction umifle The dxjraction ukif genekatesivisualrdesariptons for thednformation sigralnpl e for -
each sce

ecor di ngemaRe e e TV aelliplon GuSedigien d Bsbile B 3ol

t he reﬁ:orldedignmmﬂmcnrdmgmnﬂmnhshd_mmeceséml}n&esmeslﬂymbordmgmedmnrhn Met hods to
The. apparde g imBat g ff fordh MieSis of SR A BERnGh vall B cone
whi ch i nB@@c:nfedh&eafer Shﬁtﬂeﬂn&%the@pmdﬁdcﬁﬂpﬁshﬁamwmcﬂeﬁﬁﬁméﬂdﬁc]si m | ar

I mage. OFEPCﬁlﬁéln%%P%E saledoflécrra lesb toheﬁl‘gin he yespegtive
Iocatlon 8% 111 also be
flestzrh bﬁ@ﬁnﬂgt éeﬂietyaglﬁb@omdanﬂtgésamllbesﬂﬁandm&adapaﬁvmaﬁmt : s inthé h?atfa&{j ;n of a

i nke i s ich every, en rise oLnter to . a.next and/or a

or ovi Bus. Mstpds 8 AeiEribn e imagr el OF peaed DRI SO il 1y of the
dat abase may CO”DVTﬁ@&%&hﬁ%dﬁ&e&&%@félﬁﬂe&mmmcﬂbv@ﬁbﬂryposltlOnS a
position maybe a S|%nal I mge,of a part qf the |nLorm,-1t|on f nal, for

exanpl e ac%lli’é'ﬁ%samﬁlquPE@E@H@%"QH"‘E‘%W%HMG“% WeVeThe searf ch -

uni t Sear&i‘éi&y'of‘thtaﬁ%aﬂﬁ& ?S@mﬁﬂesﬁhﬁnaﬁmbw&emwat@ﬁdpamnda& abase,
which is a type of table content, may be organized in  several suitable

manners. DOsiionmay e s signeljmagsafaipek ofthe &f%FF‘aF‘P% gigual,forexgmpleaiscengs Iny
relatjgns n;sbnxuts ah&%a 8 il thelelreh unif SardA6Sin hetiafabade AR S Of the

i nformati o avi ng e sanme characteristic. are placed in the sane

list and feaed pamgn §31Ptdé1aba§6d¥lé‘ih$ afipy oblgbls pf eaptent, maydetorgaizehing he
sear chi ng R e midfens HIRRMbacb AP ArhrlE Kvert Bl IMPEIME| oad
posi ti on relatiphship withsa defined eharastesistic. ﬂéﬂseasr@né@ﬁnﬁae thpyinfopmatien sighd next
?212 (r)?lmlatnl on g gngafneatﬂﬁ?ﬁg%éom t‘p?%h& %glr?efrkggng;ﬁn Hg{'t Jgjaﬁslgf ﬁég‘?‘q’é‘%{tﬂ?y In
anot h2 ehpibeir pesitiongh thetinfortnation sigoal. é’laeqm Y jumep toipextd ganpmanslee cor r esponds '_
ﬁgxz 1 ?sp%é%%d%gaé&hﬁ%%% ﬁ%ﬁﬁ ona§d s@éﬁ%& agal n%ﬂﬁe or der g?n{)hteo .
entries i mstdattofreveiving shid cpﬂnma@dgtmtalngg the next entry in the list, the reading unitcan - _
be controlled to read the information signal at the position corresponding to said next entry.
In another embodiment of the database, each entry in the database corresponds
25  to aposition in the information signal. Every time the command “Jump to Next™ is received,
the table of content is sorted again. The order of the entries is determined by the extent of
similarity with the entry corresponding to the read position at the instant of receiving the
command. This embodiment enables the user to jump to that part of the information signal
that is most similar.
30 Figure 4 shows an embodiment of an arrangement of the invention, which is

suitable for skipping through an information signal, which comprises a sequence of images,
such as a video program. Preferably the information signal is in the form of an MPEG video
signal. In this embodiment the search unit has an input to receive the information signal from
the reading unit 2. After receiving the “skip to next/previous similar image” command the



simlarity wwth the entry corresponding to the read position at the instant
of receiving the command. This enbodi nent enables the user to junp to that
part of thewowzonsmtion signal that is nost simlar. 30pErgmmEoksshows an
enbodi ment of an arrangement of the invegtion, whi'ch is suitable for

ski ppi ng through an information signal, which conprises a sequence of

i mages, sMclamm;vilIiﬁ(tedemrmgs thawisidl déseriptid of tlieﬁﬁ‘ohnﬁmnrﬁghﬂ&maiﬂgmﬂ isin

an' | nput ¢ FOPRBEFRS Sk T PEPIER e e P S moHE b SORnE QRN A or

recei vi ng hﬂbmﬁbn&gﬂalmér/m{nﬁﬂn@nﬁlﬁb&a Haémf&ﬁﬂﬁonﬁgimmﬁeh&dlfﬁlly WO

02121529 P /102 6 search_unif . w first de e he vi sual
descri ptor liags ,@F&!%?F‘g# Ritally, rr"é‘ﬁ‘?‘l’l?"?]é’élt&ef P‘hMPB ad unit 2
Wi | 1 be 5pl atpmgk, ﬁgﬁ&?&aﬂ&ﬁﬁﬂﬁdtdé@a&ﬂhﬁtf@dﬂs&dﬂ&;ﬁmﬁwugh the

informatloga gnal I S faster than in normal node. The |nformat|on si gnal

could be r stenalisupnlied end snalysiswhntier ormot ghe etaried visl v f or
exanpl e 0“'(%scHBf%ris shﬁﬂa?i‘ﬂﬁﬁeié% &s&ﬂfﬁ&o?th%‘ﬁﬂﬁﬁaﬂ@ﬁgﬁdl%ﬁ%ﬁﬁﬁgm gﬁﬁdppl i ed

to search unit” 14, the sear unit 'extracts visua descriptors Tromt

si gnal supﬁm@@(&nﬁs@mﬂwmdmmwfmmdﬂxedeF?mﬂmumhammd
descriptor ggesimlar to the visual descriptor of the information signal
read when receiving the conmand. As soon as an simlar descriptor is found
the rea® unit 2 will return in the normal node. 10 The junp to the new

simlar imge funct |ﬁg%@){,tgt Ca%igj?ﬂgg%ﬁgxrfahﬂcaﬂ%g%du%ée@%lﬁ(ﬁge Lol oyed

sel ecti on of exanpl es
to skip coriss. & ssleclimmeficsangieswiterwit Gnbe dppiisd Gllowses a stl II imge (e.g. a

Conc) “of - 5 EoiiEmefibed o Rprtopinelal bethe ek B el 4 ABUTERES nowe |t om

usi ng the anc(e@ramrsslemdﬁmlog@mdmmshmémémpfsgmm@wmeﬂ)ef usual 'y
br oadc %t with subtitles so we can assune to have very detailed and

preci set ext (EPIHFEH nat i on about them Wth this hypothesis it seenms to
be better t.0 MESeKAKMELW jRASRIMSRAT fevs itHuGias tHe fandHO pérbMimb ih A gevae Xt

(previ ous) simlar 20 image functionality for them Anyvvay this tool

al | ows j unpi rRjOS &P HFWPWS‘%H@“EW@E@WWW%“WGF%WG%WQth) one
Wi thout 1 equiyehf\btdila® antBitbcidededt @R hitdrmaidt ool el "With 8ffs hypothesis it seems

to be better to use keyword-based search instead of the jump to the next (previous) similar
20 image functionality for them. Anyway, this tool allows jumping rapidly from one piece
of news to the next (previous) one without requiring the nser to read textual information.
—~ Tt allows jumping to the weather forecast ot to the sport news or to a particulat section
within a program which has a fixed heading.
— It can be used to jump to the beginning or to the end of a program, which has its own
25 fixed credit or end titles.
~ Musicdl programs that are a collection of video clips are nowadays rather common. The
Jump to the next (previous) similar image functionslity may be used to jump from a video
clip to the next one.
~ Many documentaries have special sections on different topics that start with a particular
30 logo. The user can jump directly to the logo, which indicates the next subject, without any
need of time consuming fast forward.
Like in the two last examples the jump fo the next/previous similar image
button can be used in every program with the structure (same letters correspond to similar
frames):



- It allows junping to the weather forecast or to the sport news or to a

particul ar section within a programwhich has a fixed heading. - It can be
used to ] WQo¥2I52%he begi nning or to the end of a prograhCT/EMIOMRSHas its own
25 fixed credit or end titles. - Musicgl prograns that are a collection of

video clips are nowadays rather common. The ,Junp to the next (previous)
simlar image functionality may be used to jurrp froma video clip to the
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scenes and by using, just r%gé@gg?to the next scene button. The brovv5| ng

f unct i onacsarding jo the Ivention, mp heimpare Haditional pieragshicak wayRfPERs nore
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junp directly to the next simlar scene, not onl t he = next scene or
keyf r ane. Rexticenegrkexiamen mteﬂremda@yloy)mmt@nwé@onm?M@%My can -
be. 165 uSgth foPiho bloRtd Aol 6 o3 s sieovsing
through Blﬁct%rghg nﬁ%g ° Tra ers of @y% pfogr amsscan be very

usef ul wekews.hey are at t he beginning of a pr ogr am or when they are in the
R e i AR iU
of a program or when they are in the form of commercials as well. In the forme.r case the .
user can choose an image from the trailer and jump to the same image in the program once it
20  has been broadcast and recorded. In this way the user is able to start viewing the video
program at the position which corresponds to said image. In the latter case (i.e. headingsina
news program), the user can exploit an image chosen from the trailer to jump to the
interesting part within the program. In this case the trailer can be seen as a table of content
for the program. _ '
25 If we enable users to select some images as favorite images, the jump to the
next/previous similar itnage can be based on them. Instead of using an image part of the
video stream, the user can be allowed to choose between a set of favourite ones. This so-
called favourite image list allows, for example, the following scenarios:
— The user is watching a news program and he discovers that his favourite rock band has
30 made a new video clip. The news program contains only a one-minute preview of the
video. The user saves one significant image of the video in his favourite image list and
he records a couple of hours of video clips confidant that the new video clip will be
transmitted. The day after he can try to find the whole video clip in the recorded material
by employing the previous saved image.



20 has been broadcast and recorded. In this way the user is able to start
viewi ng the video programat the position which corresponds to said imge.
In the |latt awoeeas9(i.e. headings in a news program, threrapemogsan expl oit
an i mage chosen fromthe trailer to junpgto the interesting part wthin
the program In this case the trailer can be seen as a table of content
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t he previ owonssentive fimespre usn@hORIPIHIS. BOThEREIt0 18 268 (prévidis) sinsler image,
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race but0 hevitesgronmef sueeisivesintlnefrathesh dhislis equivalehias sopmetriingea videotihte nonent .
Now he can j o.the seguence, of t r crash usin n image qf the
acci dent er%WH °SW§\%"P5?SS‘§$L‘5V&S@B’P§8 eﬁ'?’{a € oge@g%&pﬁq@egmg:qg&grt_ The
junmp to theintixdty doby eetivesnkpy-famies, ar i mage functionality requires every

i mage of a video sequence o be assocjated to the next revi ous) nost
simlar one. Two coh$ WP?@&%?‘Q‘P@‘%&&’MW’%@V@% Hesimage | unpi ng
to the nextfudcHomsityds itessd 'ntﬁémw,med&&ﬁ@ﬁ&a%mﬁo&thewd%ﬁﬁarded-

One sol ytion ,ﬁqul,d be tq take into account only one frame 10 within a group

of sucdgssi _ i P& lanes. ~This is equivalent to segnenting a video into
shots, choosing a r qRk@ffiiedihplonéititioh, frotReRnh kieiahd 8 WRhalldeicrigRsf Sshot, and
then searching for, simlari tiﬁ{f)nl y between ke)t/)-f_rarre.s. It Is inportant to
noti ce t hafutematigallygxtragied), I wodkey-fipies are assumed o b similawi§ the distanes bedwesni ty i s

i1 Qd epen Iol e n?&%eirﬁ/_i’dﬁhff daecrwsd ik et @ine § il Gined BRQhAR! hd)irlp W Wle hbP Prififisyey the
simlari i S measured.
sim%lar image function takes into account not only the similarity but also the relative

20  positions of the frames because it has to retrieve just one next (previous) similar image.
Figure 2 shows the steps performed by the preferred implementation.

When the user presses the jump to the next similar image button, the system
retrieves the descriptors of the following shots and petforms two filtering operations, First, it
compares the visual descriptor of the query key-frame with the desctiptors of the following

25  (preceding) key-frames. Key-frames whose descriptots have a distance from the query
greater than a fixed threshold are discarded. The second filtering operation consists in
dividing the remaining key-frames into, at least, two clusters, depending on their distance

“from the query in the feature space. The two clusters are obtained by sorting the images
according to their similarity and by consideting the successive differences between their

30 distances from the query. When one of these differences exceeds a certain threshold, then all
the successive images are put into a separate cluster. The cluster of images closest to the
query is sorted according to the chronological order and the first frame is the one which
corresponds to the next similar.



In a preferred inplenentation, fromeach key-frame, a visual descriptor is
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query. Wigindgbfeot ref RS nitutl SeREC MsoihaRRSeriptor£dulti Bt dsbd.ea@ed. then al |

the successive images are put into a separate cluster, The cluster of
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t hat coul availablejmade sigmentpiéon techniqueparel notaphustanpughdfor ganarierzealbwetldy and i nage

understarﬂiﬂg& techni ques are still too far fromthe goal of interpreting
nt

vi sual con in semantic terms. Thus it is necessary to rely on 5
| ow-| evel visual cTHeehumanpersception of Golbanis 2 caneplex process; hWpen dealingiwith on are t he
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proven ro oGcIusi on, ge srze and of i en on.
Text ur e dfestores ptedrestedatpiyedienel fthat micans that thepefcpption of h cotoyin votisflueasedur e

patterns, wever E.Qe ﬁﬁﬁ ' O | d 1 ] . honbgeneous
regi ons iwhﬁ%fu\éfoa S%ée/or@é?, A sﬁ%@%é%ggéﬁp%g’rs c%s\lg%ﬁ%@ﬂ suélg’ ‘As t hese
10 descr i vitwerslistanoeandatlisplaygmality greenot ernsideredvhFicsha defipifionssf azvisualtitenfisconput i ng
power, they arg . currently too.expensive.for .con r el | cs products.
Fur t her nof' e,n‘t‘%gméagft?'gﬁfsl%//Whog?/]é'ilﬁggﬁfaenyia&é TS ?r‘g%g%?i(%ﬁ%% #ques are not
r obus20 enimegilar) of angigiage representdd-agmisétdf pixel values in a colour space CS. .
The following paragraphs present a set of descriptors that encode quantitative
representations of perceptual visual features. The extraction procedures and the similarity

matching criteria associated are also presented.

25 The colour histogram is a very known way of describing low level colour
properties of visual items. It can be represented as three independent colour distributions or
as one distribution over the colour channels. The colour histogram is defined for a given
visual item [ in a colour space CS, discretized such that there are n distinct colours. A colour
histogram H(T) is a vector (H, Ha,..., H;) in which each element H; contains the percentage

30 of pixels of the colour C;in the visual item L '

Colour histograms are a rather efficient representation of colour content. A
positive aspect is that their computation is efficient. Moreover, colour histograms are fairly
insensitive to variations originated by camera rotation, zooming, changing in resolution and
partial occlusions. However, they are sensitive to light conditions and they may have
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identical dinensions. It Ql ke yngf that the extraction procedure
requires a linear tine. 2 'é;PHR DG @1

20 The Euclidean distance or L, distance is defined by

D,= Z(H;(I,)—M(L))’ 22

In these definitions, differences across colour buckets ate weighted evenly.
Both the Ly and the L distances neglect to compare similar, but not same, histogram
25  clements. For example, a dark red image is equally dissimilar to a red image as to a blye
image. By using measures of histogram element similarity within the distance computation,
it is possible to improve histogram matching.



10 Different distance measures could be used to determne the chromatic
simlarity using colour histograns. They lead to different retrieval

per f or man¥x022884r di ng both the effectiveness and t he RCERIV/M2FONal

conpl exity. Together with the choice ofitthe colour space and of the col our
guantization, the choice of the simlarity-matching criterion, is a

cruci al aspect i n Tisauadrpticdigtanca meawresddresses this seeanditis defined i ques. 15
Three conmonly used simlarity measures for colour histograns are the LI

di stance, the Euclidean or L2 distance and the quadratic distance. Let
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versions (64 tinmes smaller) of the. frames cal l ed DC- i mages. They are
obt ai ned Vetgions of the frames, it can be assume that they represent the same content. For the

purpose of retrieving similar key-frames, it is possible to extract the visual descriptors
directly from the DC-images that are available, for the I-frames, at low cost in the digital
video stream. In an MPEG stream a I-frame could be regarded as key-frame. To simplify

20  their implementation, the extraction procedures have been designed to take as input an array
of pixel values in a specified colour space. It is also possible to integrate them with the scene
change algorithm and to perform the computation of the descriptors limiting the MPEG-2

decoding to the minimum required.

25 The colour histogram descriptor could be used in both the YC,C, and in the
HSV colour spaces. The YC,,C; colour space is preferable as it is the format used in the
MPEG-2 standard, thus the colour information directly extracted from the video stream do
not require a further transformation. Moreover, even if it is not strictly perceptually uniform,
from this point of view, it is better than the RGB colour space used to display the key-frames

30 in the user interface.

Next three different colour quantizations of the YC,C; colour space that could
be used are defined. It should be noted that other quantizations are suitable as well.
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hi stogram of 256 bins. - The Y, Cb and C c¢ol our channels were linearly
quanti zed respectively into 16, 8 aham&(-&® s. The resul ting descriptor
can be seen as a single variable histogramof 1024 bins. 5 - The Y, Cb and
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| evel s.  The resulting descriptor can,bg; as a single variable histogram
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fol | owi ng equations [36]: v (=5 8,0] gn &fr g, b)
6h=<1+rl if g=max{,g,b) and b=min(r,g,b)

3-¥ if g=max(r,g,b) and b+ min(r,g,b)

3+g'if b=max(r,g,b) and r=min(r,g,b)

|5 —*' otherwise

where (7, g,5) is a point in the RGB space, (%,s,v) the corresponding point in the HSV space
and (", g',b") are defined, when max(r,g,b) = min(r, g,b), as follows: '
20

- v—r
v—min(z, g,5)

e v—g
v—min(r, g,b)



V5+b ifr =mx(r,g,b) and g = min(r, g,b) 1- g if r = max(r, g,b)
and g ~ min(r,g,b) 6h = 1+" if g = max(r,g,b) and b = min(r,g,b) 3-b" if
g = max(r w@esand b *nmin(r,g,b) 3+g' if b = max(r, g, PEYERSHEES =

) i

mn(r,g,b) 5 - r" otherwi se where (r, @b s a point in the RG space, (h,
S,V) the corresponding point in the HSV space and (r',g ,b') are defined,
when max(r,g,b) *mn(r,g,b), as .QIIO\MS'.bZO v-r r'=v-mn(r,g,b) v-g 9
v-mn(r,g,b) WO 02/21529 PCT/ EPCL/ }¥62&6h(r,g,8) b,= v -b v- mn(r,g,b) For
r,g,b a[0...1], the conversion gives h,s,v e [0...1]. The col our space
guanti zati on needed to conpute a discrete colour histogramis designed to -
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8 di ffeer efiing GO 8inehiihsO Byl HOR ks 9 saturation, 3 values plus 4 additional grey,
166 distinct colours are considered (18x3x3+4 =166).

Four colour histograms, obtained by considering the three YCyC; quantizations
and the HSV one, were extracted from both the full-size images and the DC-images. Thus,
each key-frame'had 8 different colour histograms associated.

15 Colour histograms of different images could be compared by using the Z; and
the Euclidean distances. Between the three quantizations in the YC,C; colour space, the best
results were obtained using the 256 bins histograms extracted from the DC-images and
compared with the L; distance. Thus, the Z, distance turned out to perform better than the
more expensive Euclidean one. Moreover, it has been found that extracting histograms from

20  DC-images, rather than from the full-size frames, does not degrade the retrieval performances.
of this descriptor.

It has been found that the 166 bins histogram in the HSV colour space,
exiracted from the DC-images, outperformed the YCyC; one. This result is due to the fact
that the HSV colour space is approximately perceptually uniform and the quantization into

25 166 distinct colours provides a better colour range than the 256 discretization of the YC,C;

colour space.

Although a global colour description such as the one provided by a colour
histogram could be reasonably discriminative, the lack of sﬁatial information can give too
30 many false positives in comparing visual items. Perceived dissimilar retrieved visual items
may have very similar colour histograms. To improve retrieval effectiveness and precision,
both colour feature and spatial relations can be used. The colour grid histogram and the
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The colour grid histogram descriptor has been implemented by dividing the
full-size key-frames into 9 regions using a 3x3 square grid, and by computing for each sub-
block a 64 bins colour histogram. Additionally, another 64 bins histogram is comaputed for

25 the entire image. Thus, the descriptor is composed of 10 histograms.

Each histogram is computed in the YC,C; colour space. The Y, Cpand C,
colour channels were each one lineatly quantized into 4 levels. Preferably the YCyC, colour
space is used as colour information in the MPEG-2 stream is available in this format.

The distances used to compare colour grid histograms of different images were

30 the sum of the Z; distances or of the Buclidean distances between corresponding sub-area
histograms. Additionaily, we weighted the distances between the sub-block histograms
according to their position in the image. The central block distance was weighted from 2 to
10 times more than the others.
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20  more pixels of the colour C;. : . : 3

The spatial extent of the structuring element depends on the visual item size
however, the number of samples in the structuring element is held constant by sub-sampling
* the visual item and the structuring elenient at the same time. If we choose a number of 64
25 samples in a structuring element layed out in a8x 8 pattern, the distance between two samples
in this pattern increases with increasing visual item sizes. If visual items are resizedto a
fixed base size, the same 8 x 8 structuring element can used, otherwise the sub-sampling factor
and the structuring element width and height can be determined as follows. Let E be the
spatial extent of the structuring element in the original visual item , i.e., the spatial extent is
30 ExE. LetKbe the sub-sampling factor applied, i.c., X ={1,2,4,8,16....},
where K =1limplies no sub-sampling, X = 2 implies sub-sampling by 2 horizontally and
vertically, etc. K and E are defined as follows:



pi xel wth a particular colour. They inherit the invariance properties from
conventional colour histograns and, by enbeddi ng spatial information,

si gni fi cant kgo a2mgs2ease their discrimnative power. 15 | fecompemipnzssder a

col our space CS discretized such that thegre are n distinct colours, a

col our structure histogramfor the visual  item| can be defined as:
Definition 2: A colour styghi0golmdid.sdoawidhl heipht) agyypctor (H, H2,

H ,) in which each element H contains the nunber of structuring el enent s
in the visual item!1 containing one or 20 nore pixels of the colour Cp The
spatial extent of the structuring el eng depends on the visual itemsize
however, the nunber of sanples in the st rﬂcturl ng elenent is held constant
by sub-sanpl ing the visual itemand the structuring el enent at the sane
time. If we choose a nunber of 64 25 i_[n&ées in a structuring elenent |ayed
oit in&8x 8 pattern, the distance bEt¥Ween two sanples in this pattern

I ncreases with increasing visual item sizes. If visual itens are resized to
a fixed base size, the sanme 8 x structuring el ement can used, otherw se
the sub- sar?ﬂhﬁﬁy’fdfja@%d&e’ghéﬁﬂmf%diﬂbemwm ¥ 8P BFRWRei ght can
be determ ned. 85 bl ows. Let E be the spatial extent of the structuring
el ement in PHE e(SrIfgl hal visual iteml, i.e., the spatial extent is 30 E x

E. Let K be the sub- 'ﬂﬁiﬂélohf‘ﬂruf:ﬁfélﬁéto@ﬂﬁ g d@d]puﬂedﬁywmﬁn%aﬂ locatiofls &tﬂcﬁ -}
where K = 1 inplies no_sub-sampling I es sub-sanp
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K=2p 5 E=8K Where wi dth and ht are referred to the rectangul ar visual

itemL If ﬁmimdlzleﬁbhﬂﬁ/éu@%ﬁwmﬁn&deme%@@@%f the progedus- & #WSE ogram i s
conput ed by %té{eﬁ ﬁﬁ%xﬂchoﬂﬂﬁéédgﬁ%mqmaﬁtml&s\&ﬁa@dt chib@) retrieving

col ours of a pl xel s contai ne he structure el ement overlaid on each
| ocation, and i ncr enBhetstmguningeleeant 32 podurany sise Aoy 4 pivslshisppset @t e ns can

be norpgal I‘fz‘—liﬁgure %ﬁf PodtdoR! AR LchEiniobAln Gh BERHuR Gy 4 pauGIeFmS the

procedure. Ustrates the extraction proce ure w th a visual
i tem of 8 dviftakitemis depittod)s the stiisbrrisg elementicpnigined pivels with polowr Grépikes of si ze 4

by 4 pi xel swuﬂ &ltﬂﬁ%ﬁ g&h é)yl%is I)ﬂ:%lour C;. Then, the bins in the rows Cp, C; and C; would be
incremented. So, in this case, the structuring element is counted three times, once for each
colour present in the structuring element area,
20 Since colour structure histograms, colour correlograms, colour

autocorrelograms, colour coherence vectors and joint histograms are all histogram-based
descriptots, the same similarity matching criteria presented for conventional colour
histograms can be applied in comparing all these other visual descriptors. Distance values in
different feature spaces are, of course, not comparable.

25
A colour correlogram is a table indexed by colour pairs, where the &-th entry
for {i,f) specifies the probability of finding a pixel of colour C; at a distance & from a pixel of
colour C;. Colour correlograms express how the spatial correlation of colour changes with
distance.
30 Given a visual item 7 and a colour space CS discretized such that there ate n

distinct colours, let Ifp) denote the colour of the pixel value p & I. Thus, the notation p & I, is
synonymous with p € I,I(p) = ¢ . The distance between pixel values is measured with the
L -norm: for pixels p, =(x,3,), 2, = (%, ),), we define



15 visual itemas a sliding window. At a certain location (in the figure
only a portion of the visual itemis depicted), the structuring el enent
contai ns V9223528 with col our Co, 6 pixels wth col our PCIVERIMI2SS pi Xel s oOf
colour C2. Then, the bins in the rows ¢p, C1 and C2 woul d be increnented.
So, in this case, the structuring elenment is counted three tinmes, once for
each colour present in the structuring el enent area. 20 Since col our
structure histograns, colo conrrel o colo aut ocorr el ograns, col our
coherence vectors and j oi nt hréﬂbd? aﬁb“dﬁTy Sstogranrbased
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cours ble. 25 A colour correlogramis a table indexed by .
col ou p%ﬁeﬁ%&%«i’ﬂ@ the k-th entry for (ij) specifies the probability of

finding a pixel of colour G at a distance k froma pixel of colour C .
Col our correl ograns express how the spatial correlation of col our changes
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. = C. The i stanc etvveen el I s is neasyred with the A. norm for
pixels p, r_atty)glx V$ “‘2}%¥ g’éf%ﬁ‘#‘?t@ﬁ%%ﬁ?lﬂ‘?@b@l‘?f@mﬁemZSS 17

ot I i 5 b SRS AJE Gfbdue s, )

hh, (1) P! [‘@ﬁew]]ke[a}rasany p| xel value in the visual iteml, hh, (1) ‘gives
t he probability that the colour of the pixel 10 is c, Let a distanced a

[n] be fixed a priori. Thenthe col our correl ogram of I is defined di,.|l a
[M,k E[d] as Y.1k?, = Pr P2 | ~I P211=_k] P~~lqg. P2El 15 G ven .
any pixel of colour c, in tr, % e[py%i mpglﬂ shlhe probability that a

pi xel at distance k

15  Given any pixel of colour ¢; in the image, 7;"1! gives the probability that a pixel at distance

away from the given pixel is of colour ¢;.

When the number of different colours in a visual item is high, the spatial and
temporal computational complexity of the colour correlogram increases reducing its retrieval
performances. This can be partially avoided by considering only the correlation between

20  identical colours. This specialization of the colour correlogram is called colour
autocorrelogram. The autocorrelogram of 7 captures spatial correlation between identical
colours only and it is defined by

a®(D =2
25 _

By including spatial information about the colour distribution over the visual
ftem, colour correlograms and autocorrelograms provide more discriminative power than
colour histograms especially when dealing with visual items with similar colours but
different colour layout.

30 The naive algorithm to compute the colour correlogram of a visunal item I

would be to consider each p, € I of colour ¢; and for each % € [d], count all p, e I of colour




away ‘fromthe given pixel is of colour ci. Wen the nunber of different
colours in a visual itemis high, the spatial and tenporal conputational
conpl exi ty a¥o#2maso0l our correl ogramincreases reduci ng PCI/EPE/10255yal
performances. This can be partially avoiged by considering only the
correlation betmeen 20 identical colours. This specialization of the col our

correl ograrawﬁh‘fﬁ F—eﬁobﬁfé (p(tgF Sytime] (lere SHORO totad rmgbeaf of |

captures spatia lati.on between id ical colours only and it is
defined by piel values of'.' 'ﬁdd@mat&ﬁxs%ﬂpehﬁ?é%ﬁipﬁ@h&@&iﬁﬁhrﬁbhf‘ﬂpﬁhl&dﬁt about the

cal our distribution over  the visyal olo orr
aut ocor r el dBdexing apd Applisati %r@w&}a&ewm ‘? % Pg%?\g’ﬁ? al%?%t ogr ans

especial l'y Wﬁ%eﬁbﬂﬂt%ﬁtbﬁﬂﬁ&dloﬁ l%des@h&!dr Théut
di fferent col our Iayout 30 The nai ve a gorlthmto corrpute t he col our
cor r el odr arre@iredcommitzion timeds educgbisn AdSE t o consi der each p, e | of col our

(F:”CT?Egofl;)rlogggh IISELIH‘](WFC?{%VQB%@%“%J Q%{%rwﬁg@ , | s takes Q(d

2S) tinme, viekrebdrdn Wit ol distateypaforméd bettentadn thiatawentivhdl histograsbvi at e t hi s

%Bf?iiitvfofﬁe@”t ot S B s e e s o 5 Qmppte RS poriBifpa
1999, 2168 bestulleseriftrGremaihs b goep iddreffectbedolonr lytogramc progranming i s

descrlbed The required conputation tinme is reduced to QdS) . In terns
of retrlevaI effectiveness, it has been found that the col our

aut ocorrel ogram wi t hyeR@ellinothh $b18RGBherdiRE %@tdime bﬁi&aﬂy colburibistdpeams
conventional histogram Nevert hel ess, Lf we

addi ti onal @r&gﬂ@t@mcmds sqpppatial infermat ‘Eb‘ﬂ’ﬁ‘étrq‘% §?‘3’ri§‘g T71?’??8“‘*b°£st
descri ptor a[mhﬂa%bte&?dﬁlﬂ%tﬁé%@%ft@ﬁ&bﬁ/ ﬂ@bﬂﬁétcbloﬁi&@fr@ﬁberi@flﬁge wel |
co

known col our erence vectors are basicall col our hlS&O rans .extended to

i ncl ude sonsmiglytdolpuradregionsof pyisual Pomd. ConsidsEngRyise dep R¥fling, o
coher enge Ofiyendo n@ﬂket'&??xe@@ﬁﬂr Iﬁﬁ(‘;grﬂﬁ"ﬁ’(ﬁ:?s dB3afiseseRRerlcohetdit 60 pi xel s of

that colourTare nmenbers of large siml arIy col oured _regjons of a visual
i tem | . Corisiabereitnbased on whetherior natiitiis pastenf B lisgsedmilarly-golonscdsegian 46018% bucket

of the col oy i 3LEAGAECH) sords hePeREthdelof CorRRnBldetS incERRGH FiREls Hith each
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percentage of incoherent pixels Bj, a colour coherence vector can be represented by a vector

20  of pairs, one for each discretized colour:

((al’ﬁl):' ev2 (an:Bl\))'

Note that by keeping the same meaning for the symbols o and B;a conventional colour
histogram can be represented by the vector:
25
{og +B1,.-., Ot ).

Colour Coherence Vectors (CCV?s) prevent coherent pixels in one visual item from matching
incohetent pixels in another. By separating coherent pixels from incoherent pixels, CCV’s
30 provide finer distinctions than colour histograms.
The first step of extracting the colour coherence vector the visual item I'is
slightly blurred by replacing pixel values with the average value in a small local



I ncoherent, based on whether or not it is part of a |large
simlarly-coloured region. A colour coherence vector (CCV) stores the
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next stepzxels ﬁ,p'eCﬂ',aﬁ&tefz.yapahEsz&n\pdpﬁlﬁ a given col our bucket as either

coherent or incoherent. A coherent pixel is part of a large group of pixels
of tB8 sane colour, 5 while an incoherent pixel is not. W determne the

| Def, A ted
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sequence of pi xel s = pi such that each pixel p'e C and

any two pudm&rﬂq@acpmw&wpkﬂbﬂaﬂzomﬁe a@hmmtne@hmmmm Ve consi der
two pixels to be adjacent if one pixel is anong the eight closest
nei ghbours of the other. 15 Note that only connected conponents within a
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the ~ connected component. We classify pixels as either coherent or incoherent dependmg on the
size in pixels of its connected component. A pixel is coherent if the size of its connected
component exceeds a fixed value 1; otherwise, the pixel is incoherent. 7 is usually setto 1%
20  ofthe visual item size. |
It has been found that a colour coherencé vector in the HSV colour space
quantized into 166 colours, (giving a 332 bins vector), compared with L; the distance, were
the best visual descriptors tested in terms of retrieval effectiveness, computational costs and
response time.
25 Like convenﬁ@nal colour histograms, colour coherence vectors can be
sensitive to changes in light éondiﬁons. A way to retain light-independent colour properties
could be to use only the hue and the saturation components in the HSV colour descriptors or
to normalize the red, green and blue of the RGB colour space through their sum.

30 Joint histograms, well known to the person skilled in the art, are a
generalization of colour coherence vectors and colour histograms. By taking into account not
only colour coherence, but a set of local pixel features, they can be seen as multidimensional

histograms. Bach entry in a joint histogram contains a number of pixels in the image that are
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20  efficiently in linear time are chosen.
Apart from colour grid histograms and colour coherence vectors, which can be

seen as joint histograms, a joint histogram that uses, as features, colour, colour coherence and
average texture complexity is used. The average texture complexity was estimated taking
advantage of compressed domain information embedded in the MPEG-2 video streams. The

25 64 coefficients of the discrete cosine transform of each block were set to the maximum value
if they were above a fixed threshold and set to zero if they were below the threshold. A block
was judged as “complex” if the number of non-zero pixels was above another predefined
threshold. In addition to colour and colour coherence, each pixel of a key-frame was
classified in two classes depending on the texture complexity of the block it belongs to.

30 The average retrieval performances of the joint histogram are comparable with
the ones obtained by employing colour coherence vectors. The additional texture feature
improved the discriminative power, however the costs to implement said features are
relatively high.
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retrieval effectiveness of tbedmgRdistahd@(d 29 thext (previous) simlar imge
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key-flfane, all the visual descriptors of a group of 1-frames close to the
key. -frame were conputed, fugthernore sign to it the descriptor whose
distance is the closest tot 3?2¢§§9§SW%bgreci se description of this
techni que foll ows. W nake the assunption 10 that, for each shot, the
first I-frame is chosen as key-frame. G ven a video sequence V =[1. f ,

fn], where f,, B'¥Sisd.dhdistndel¥, | F) A Hffe S | diktgnee(Ry, e t he query
key-franme and range be the naximum di stance above which two i mages are not
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20 Finally to the key-frame £; is assigned the descﬁptor associated to the I-frame
J"and the distance value d. |

In a preferred implementation N different constant values haire been chosen.
Furthermore, all the I-frames of each shot (in this case N depends on the lengths of the shots)
have been exploited. :
25
It has been found that image similarity search is possible and very effective
when performed over the key-frames of a single program. Performing the search within
different programs is also poSsiblé_ but more difficult because of the high number of key-
frames involved. With hundrcds_ of thousands of images, the mam problems are false
30 positives and high response time. | :
False positives are due to different images with similar visual descriptors. The
more are the images, the higher is the probability to find frames with very similar colours but
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the invention, as defined by the claims. As an example, the table of content comprising

characteristics of recorded material could be provided by third parties as a service of making

20  the recorded material more attractive to the user. If the table of content is based on the
interests of the user, his interest determines the extent of similarity between portions of the
information signal.

The use of the verb “to comprise” and its conjugations does not exclude the

-

presence of elements or steps other than those stated in a claim. Futthermore, the use of the
25  article “a” or “an” preceding an element does not exclude the presence of a plurality of such

elements. In the claims, any reference signs placed between parenthesis shall not be

construed as limiting the scope of the claims. The invention may be implemented by means

of hardware as well as software, Several “means” may be represented by the same item of

hardwate. Purthermore, the invention resides in each and every novel feature or combination
30  of features,



suitable for very large video (innage) databases. 15 Though the invention is
described with reference to preferred enbodinents thereof, it is to be
under st ooV B¥&&I5Phese are non-limtative exanpl es. ThusPCVERNILQALSS

nodi fi cations are conceivable to thosezskilled in the art, wthout

departi ngbfromthe scope of the invention, as defined by the clains. As an
exanpl e, LMSipl e of content conprising characteristics of recorded
material could be provided by third parties as a service of making 20 the
recorded material nore attractive to the user. If the table of content is
based on the interests of the user, his interest :determ nes the extent of
simlarity between portions of the information signal. The use of the verb
"to conprise"” and its conjugations does not exclude the presence of

el enents .or steps pother th%n tho‘ie,stat,ed in a claim Furthernore, the use

of the 35 articl on feprpducing an sformation signal storpdon afisst storageude t he

presencemydimmd@mc@ﬁp&ggh elenents. In the clains, any reference
signs placed between parenthesis shall not be construed as limting the

scope of -t Headingmeans forpeading fhinfosmatiamsignal fromthefisstistothgoedivoms  of har dwar e
as well as ﬁﬁ{ BRLE ‘%%Fﬁ > the B@BRSat H§%| ' ed by the sane item of
har dwar e.” Fur ]{Euerrmrf?a, .gﬁ%rtll\l/ent ?%anuore |§g%£|8§f’l§z§ﬂ{’and every novel

f eat ube or weardontmeliablerinp Gncads Hrmteiviag conifidrd? tokhahle akPGskt toRCIdsi 2. 55 23
CLAI MS: 1. i@@: a oarsat for reproducing an information signal stored on a
first stora di >t he apparatus conprises: reading neans for reading
t he i nf orchmbdterized inghat!thd usencontrallablerifigut fiearisageadapieil tifeceivit fabticofdans f or

supplying,. the information si.gnal to a display unit, 5 -_user controllable

nput  moheR Jigpt e Rotaft SR ERRTSo e i ouplling he repding mews o et

i nf or mat ireudingiﬂgfiﬁfomﬁﬂtﬂrsﬁ%hmdﬁﬁdét&agdfm&diﬁxhat#wn&pb@ﬂibﬁiﬂtﬁ@ e input means

are adapt, ta receive a_first co nd, at an {pstant, .the apparatus :

furt ﬁgr é‘g{ﬁlﬁ'ﬁ%g’égg?@&ﬁ%mfm?ﬂﬁ@gﬁ%isﬁﬂ S‘E"ﬁ%&"@&ﬂ’ﬂ %Eﬁ%ﬁ%@gms'% readi-ng

tlge_ i Pf orsmﬁwmﬂﬂ?{esbﬁmﬁhﬁ?ﬂnﬁﬁsﬁﬂw&mpéﬁﬁaﬁmﬁ%m%%ﬁﬂéfF ion in the
informatj on si.gnal, the_ infqQrpatign signal at 'said second, position

havi ng fé%%sqa‘gﬂig%“ﬂﬁm&“d’é’?’ eIaE‘F‘?st"ga‘&\PchmP%%& regd prgrdo WF?Wt i on

signal at a first position read at said instant of receiving said first

command, or a features of an_infornmation signal read prior, to said instant.
2, Apparatus according to claim 1 characterized in that the controlling means are

15  further being adapted to read a data signal from a second storage medium, the data signal
cpmprising information about positions in the information signal _aﬁd other positions in the
information signal having s1m1lar features. |

3. Apparatus accbrding to claim 2 characterized in that the apparatus further

20  comprises extraction means for extracting said features from the information signal, means
for determining in dependenée of said extracted features positions having similar features so
as to obtain said data signal, and writing means for writing said data signal on said second
storage medium,

25 4. Apparatus according to claim 1 characterized in that the features have a

relationship with the colour histogram of images corresponding to positions in the
information signal.
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2. Apparatus according to claiml characterized in that the controlling
nmeans are 15 further being adapted to read a data signal froma second

st orage nediwomp/atsey data signal conprising infornmati on @owmEposssti ons in
the information signal and other positiops in the information signal
having sim|lar features. 3. Apparatus according to claim2 characterized in
that the appar at us prpﬂdWmcoiﬁngbmhnhéeharmeﬁze&injthatﬂwﬁmwhwe axtracting
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as- t o obt aiinforgdtidn digh#l. si gnal , and witing neans for witing said data
signal on said second storage nedium 25 4. Apparatus according to claim1l
characterized in that the features have a relationship with the col our

hi stogr&n o, | mages AgpatAsRocEdinGolcRin 9 Shirhdidired ih thitthe fodtlredl@RE L ON si gnal .
1111111121117 112117111111111111 M. S WO 02/ 21529 PCT/ EPOL/ 10255, 24 5.

Appar at us ABEEIEHA Fh Sheolun SURCRIEIHeSTER O BHE POTRBAREIOPERIE A Rave a
rel ati onshiiprhditdnkiggarcol biii" grid histogram of images corresioflding to
positions in the information signal. 5 6. Apparatus according to claiml
characterized in that the features have a relationship with the col our

structure by stogram Qi I RRAESEAS tro%ﬁaﬂ&g@hé}&tér&ed’ﬁ%&'ﬂ% er! BrtfdMible inpw

i nformati on signal. Appar at us” according to claim1 characteri zeg I n that

t he useld cmmwmmwfamm@mmm@emmm@mmr control ling
the readi ng ARARS qPﬂg Py ! ?gﬁ! I tion
which fol | ows the pGs 0#10 t t&or nﬂ%{blfo%ﬁ&g#gn sal %hallin% dzsint .

Appar at us duostant.di ng to cI aim1 characterized in that the user controll abI e
i nput 15 means conprises input nmeans for controlling the reading neans to
start reading the information signal at a position which is preceding to
the positida in the Apﬁamﬁm&béomdingﬁoghﬁhlaharmddlmﬁatﬂmmer&omfﬁhﬂﬂ@mpuﬁ

repr od n n infaormation signal r a firs dium 20 the
appar at 75 gxa%asr @gg}gs?ngpvg g’ Yeontro g%ge readlng means 1;co §ar9 cﬁngtﬁe

information signal at a position which is preceding to the position in the information signal at

said instant.

9. Method of reproducing an information signal stored on a first storage medium,
20  the apparatus comprises the step of:

— reading the information signal from the first storage medium,

— supplying the information signal to a display unit,

— receiving commands to enable an user to access the information signal,

characterized in that the method further comprises the steps of:

25 ~— receiving a first command at an instant,

— start reading the information signal from said storage medium at a second position in the
information signal, the information signal at said second position showing a similarity
with the information signal at a first position read at said instant of receiving said first
command, or showing similarity with a part of the information signal read prior to said

30 instant.
10. Computer program for enabling a processor to carry out the method according
to claim 9.
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- reading the information signal fromthe first storage nedium -
supplying the information signal to a display unit, - receiving commands to
enabl e anW®21§29 access the information signal, char RCWERYERSS N t hat the
met hod further conprises the steps of.2825 - receiving a first command at an
instant, - start reading the information signal fromsaid storage nedi um at
a second 1posi t i on Tengibleanedivin earrying anempmigrprograpascording tnelaimold. si gnal  at
said second position showing a simlarity wth the information signal at a
first position read at said instant of receiving said first comuand, or
showi ng dRni | ari t ySigual bareyinga comphitet progranmfageording bonclaiigidal read prior to sai.d
30 instant. 10. Conputer program for enabling a processor to carry out the
met hod according to claim9. 111 LILIEL 112Ji 1 10 11l CL W

02/ 21529 PCT/ EPO1/ 10255 25 11. Tangi bl e nedi um carrying a conputer program
according to claim10. 12. Signal carrying a conputer program according to
claim210. (1 1 ¢ 1 2121 2112 “11l 21121 1211211111 ~ M S
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