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: UNDERSTA PERCEPTI ON OF MULTI MEDI A DATA DESCRI PTI ON BACKGROUND
O THE | m d of the Inventron Tlte present invention generally
relates to retrle of mul ti medi a data (nnages, video and audio) from a
‘dat abase and WY e particularly, to a systemwhich understands the user's
perception fromthe guery objects) itself vila user interaction, thereby
i ncreasi ngt he rel evance of the data retrieved fromthe dat abase and
subsequent |y increasi ng AN BYEERACTIVE KBAMIEWORE FOR of interest
Background Descrrptron Effective utiliz on_ of i dl rowi ng collection
of digital inages, audio and VINBER T %\;}5% EER carfg’TH@yggoprrent of
ef ficient content-based query and re 6ds. Traditional
content-based i mage retrieval (CBIR) methods primarily focused on finding
the "best" representations for the inages@@ptige Vi sual features (e.g.,
color, texture, shape). During the retrieval process, the user specifies
wei ghts to different vi sual ystemfinds simlar
i mges to the user's query baszrgquﬁé%%@gﬁp%é[{i%@m?ﬁ%e J. R Smth and
S. F. Chung, "Visual seek: A fully autonmated content basedi mage query
systeni, Proc. ACVMMUl trnedra 96, 199Gjeldaf@heWveionMa and B. S. Manj unatl t,
"Netra: Atool box for navigatutg | arge unage dat abases", Proc. |EEElI nt.

Conf. onl mageProcessi fg, présg%en%rgtlfaram@rges tefen@urrbframmtmutterm@esnt,asoc

retrieval paradigmis not satisfactory 1§ ‘i(i/é 4? s Irrel evant
to the user |s I%ﬂdd%‘o) frgo 2 dptptpsgiapdy merg e Cdlatlhfé’adésb‘mb‘élt‘ BT %r’t“eluée\/%l
concept s (1.e., pB@ptios frand thd @beryi ddfe@@} ils@fvia @erdhtdraen, dretely inciesuiglihefr@atnit e,

ari d the i nher enj, g BDAEELI YL e S TR RERGAD L OMns M kDR RLNEY gnd. 1 1

enmergal g rel evance T ased approac retrieval process
is interactive be‘v%@eﬁmﬁ’ﬁ% conputer and the user. Based on the initial
query inmage, the conputer rehttns a set of simlar imges fromthe

dat abase. The user assi~is rel evance, |%) gDr et r| eved i mages (f rom hi ghly
relevant to irrelevant). The conputef“t¥ 7886 €6frel ate the user's
perception ofthe image in terns ofthe |lowlevel features, typically by
etnpl o~ ing sone nachiEAectiveadilinlion! naidheogingeclledien of Higinl wesefSowﬁrsaltdrveieo
retrieval procesgecagateiihe dRLIS e bLdiREht YifenPa0A Sy ind ratrepﬂafem@hs umtd}donatr he
user finds the |rra e of |nterest

and S. Mehrotra, “¥RBIEPE Hdse rﬁtéle‘@b(gﬁﬁs mﬁfhwl?u\‘/’vreytmt“d htocuseﬁ °f Itdmrgg%t bt eretﬁlgﬁ’%gg?
based i mage ret riaevxalfdf the frigEp-celrig pisial f@itwe@(na soletﬁdd@ysltaeﬁ@lfrmg thyFtewn!

Technol ogy, Spec?t%l:essj ﬁ’x@h’s@r s?&ﬁ@g\ﬁelg' @[o"ﬂtﬂ‘erent vaual éHm%QQl?darehwval svstem finds sumlar
| nt euact n~eA~l ul (| nedta Systens he Intern M

M i schke, C Mei | HBges to‘Effﬁerélq%ﬁﬁ‘tbafﬁ‘]é‘f i?ecﬁé‘f Wﬁ@fﬁ‘effFJfRoFm‘lﬂrFﬁe]tg, FRglt‘t“gl"g\f%?ll

Pnoc. | EEE ChPR, s&R8fuilhiusonpedoass batdidiagepegis@emy, P&ear@lrmgzmte&le%jaﬂ%base
can become a bOttaJx e@‘fwié%&ﬁ §Mlhﬁux{aﬁlchet?aaﬁ?oolb&@ﬁfa%@eﬁiﬁ? %E%x%g?&gbés fie nunber
of users Due to Su ject|V| tron, n ani - mages ‘are fi
equently t ett t@V@deEEI’tﬁrﬁoéan'ﬂf’rﬁgjeD’Qfa‘tﬂabag given a query by the user

Exi sting rel evance fe@dx@@ﬁllﬁlc@&'thch'UEﬂﬂ@ﬁtertcelﬁlﬁlﬂaﬂ@ﬁlllpyra&gﬁfs%& shiiRcslgtiabase
whi ch can be renotel

nd, under st and t. user's petcelriton by
downl oading t el é?v'ﬁ%/ aﬁtrefum \t/"q}éfn‘tger ﬁﬁﬂéﬁeg&“t“ﬁg@ﬁ%e tﬁg%%apﬁ’ﬁlwé%‘@f?&"ieégt ch.
Tlus t epeated datwipsic. sedycinal anaiticipad loveevelisoslldeatieepand theinleregtstbj¢cavigl
speed of the | magenafh fh&btios Tn 1R IR, &Eme[ém rele\laJWMaMaieﬁ d]!p?baghhgr efore

an ob| ect of the _present invention to provi dée an under stan of the
user's percepti off RSl giresss Bisjeeitve Refween theqompyjer and thgayser; l?ﬁ*‘éir"agtei“dﬁ‘

t her eby i ncr easi rgery agd, @k enperaetarhs 4 skref ditiilab inaprd fram 0l deths. TiR Tkt &M@Q from
E)Bjeegtat g‘]?alsﬁ t eraglsgevgu%géqgﬂrg?eve&/rmganrgxg ﬁl pgrc&b %t t§ Rleefgz{n fe Th]ré gc%l{;}ut%ytgcens éq(?_ goar;[g]he

i mage, an image datthe trsnageseytwdefthveegeflrtew afﬂwl(deleveé@duemtyeicallabwdvéoomg
sequence or an auslhan&inhpreanmgttmg@a e iR TGk MSrelridl r)rpaéeragaupmnt ntedat\@l | for
imge t etrieval, we provi Est exampl es for. video and audi o such

that anyone ski | [PEeSE 5! Wéegar“ e Bsé’ infrde I8 OUUEESt SETY b ks Bugefkr al
nmedi a queues. | n Qripsand BMtoirg MRelangncqiicab ekt A powameint MEﬂd’V@ﬁi@chgeyn WakHd Ghage
| neorporates int GLAGkY YBsk AbkAc A by SBleREh: /1 rséo%aqug%f gedongk. ange'r earning

to understand the user"™s perception a uer

adj usted using the feedback gi ven by the user about the rel evance % “\\\\\\\
previously extracted pai 1(s) fromthe query object Itself such \\ m

adj usted query is a better approxinmation to the user's perceptl on C 862
single query object is utilized iii the systemaccording io the i nventl on,

hi gh- performance | earni ng teclu~i ques, which are often coinputattonally
|nten5| ve, can be enpl oyed for this infra-query object |earning of user's

.




the fol l owing detailed descr iption of a prefer cd enbodi ment of- JhdAN 2003
invention with ~ eference io the drawings, in which Figure 1 rs a bl OCk
«dlagl aln Il'lLISLI atlilg apparatus on which the process according to the
invention may be inplenmented, Figure 2 is a block diagramrl | usiraing

anot her apparatus on which the process accord ng to the invention may be
nnpl enented, Frgure 3 is a flow diayamrllustratnrg the logic ofihe process
for the conplete itz MilamadgSpseaiyr Uefae ath 18R% H‘dﬁsei‘mf éyg%%ke and

I Iei'alr ning according I\te(mmt:hemayetbty IenmemE.ug;urnegAM&vaat PloeViERH @gRaIO8 This
illustrating in nore ntra query

obj ect | earning, fpt"ﬁ%?s f°8€(?5él§s°§‘ﬁlb'v%ﬁhe d?}s’ﬁeéﬂ‘r gco‘fswag‘i“&ﬁercg‘s”m§ e‘acr’teds%B are
illustrations of anahiregeeahtwmmderségeent ati on ofthe image in the practice

of the inventi on; Fi gur %u@to S%Je@tlwtl/ 9““119411@95691@1] lJ](llé‘l%lttl;‘l@ﬂtgéng ﬁqzﬂt%tlttw &%QQItoﬁt)
synthesis froma text ual ou user _interaction usin

uer r
pre-processed (i. an mﬁilg dag greéa)qu ]yé‘t?flqeggflstl gre vmced‘?egltﬂflbtﬁg? ﬁy.lei)).repeqtcdly
obj ects); and Fi gurseuc?i tlie Satgbade wbivh @i @gcx@tﬂyrwchlecstrrdabdersmgd thgusak penpat by e
enbodi ment of Fi gurc@wx@mdt\ﬂ@:@l \e\n@ncﬁﬁqpvht'ttqn'\%%thelurs](;t Gl eﬁ@t%gxtc(tqi‘llts)tepb%dl(ﬁlq{'kef or
guery object synthesis, 1nstead of a textual query. DETAI LED DESCRI PTI ON OF
A PREFERRED ENBODI NEWFT 2tsiowlged FIRRFERTT) bnelpgyplspeed e venae tfb“eteﬁe dr awi ngs, a
representative systemon which the present invention may be inplenented is
shown in Figure 1. A user 10 inter 20 Rl and an input device
12, such as a keyboard and/ or rmusgﬁhmvlﬁ aﬁgggces@ﬁ%%ﬁ\el enment 13. The
processi ng el enment may be art of a conputer system such as a persona
conputer or workstation,t Fref%’ﬁélh°646§°f‘\)ﬁpﬁfé‘t‘i‘ irenitiop fpgrayide GrHge: addLb@’e‘iff"ﬁt‘sr?fst he
process accordi ng trelctplﬁan fovientidrosbjectEhieel Diapet tirdrac8ansthestly ingpasihg ik yelevaned addes
menory and mess st %eataﬁnmeﬁ,%%ceﬁeu@ve'aﬂtﬁtmgtﬁtsase 3 Wbducidy nBLNGE oS YRAGE L NG

peri pherals. The processi ng enent accesses an i hm ase

typically stored onfefifa! fisebiesobinisige THF e enCmigef v © g%ft"e’r‘ﬂ“glaﬁ“t‘aé%ﬁ‘bnse to
gueries by the userimifset, ThgeEoaped foin Sxd8¢ @qeick, lavBiaduade brnn Ridputie Alhdugh a
stand al one conput e o%%ﬁl;e%mmvgtugn ih &%1]¥@¥rﬁgétletggbaln@yprp\?de SJH?JIG%{T&QEP?Q foP (hadd

net wor ked conputer system an exa Is illustrated I'n Figure 2
In this exanple, a er* Puipruch Bt oRs s §/j§‘t ‘é!?ﬁ“?@“ ‘éf&@é%ag’é§°1%}“l§§f‘\té?“e’?l“et}‘?a a
network 22. The netgidk 22 may be a Local Area Network (LAN) or Wde Area
Net wor k - 3J AN 200 ANT Moo orbed: & { Lyel; be,net wor k
22 may be the Internet BIiA}téMé@Pl&/er” E%ﬁ%@i@és“ 19(;{1%%3; e ed~ tm%‘at% ase 23
in response to qt ~edeyayectislewns Eaibrk and leapinedq linetwanéttwetse?megwtaw houerthe
dat abase 23 is typi ekl ’Mleﬁﬁeﬂhﬁd_)uﬁlw uSingTSBed GO 2f By 1By Sbraidutté RPvaARGNREE-C 0~
optical media In thg pref 2nhodi . ustrated
m F~gne 3, t he user §t lge& c‘?{?gﬂéé‘f”&?ﬁ’gh Hsg%ecg%e%l{lﬁlhhth%%ﬁ{'%teqque{% ?Jleelrnjf/r

obj eci (s) in bl ock 2OUEMPAE RgyesrPeswlEctiac 2 gl ey phsct ‘b@‘“é@l“b‘é‘tsetﬂe”f rom a
snmal | dat abase of qtb@d’r(yngi@ghexﬁ'teﬁuoﬁ,ﬂngjmg{fobﬁuﬁluaﬁ)qﬁlng e chnigyes,tiheh b8 8ffen computation-
Alternatively, if t \ [ ; e and
if the user does no!tlgﬁnge%sg‘;e cal?lpe'e%gﬁéyseggﬁglf %L iy O%Ct II%M&&&}%&%ESQ{J%%H t hen
synt hesi ze such a dtf@reequwﬁg}ma'bffﬂueeﬂycleﬁﬁt"tgeaordééeelr%%frfv inge- qweet?ﬁftﬁéfdaqcat er
The use's query ~s QE&&E&B@&Baﬁ)& réievédTiomae Qhteay barky (ecptrmpa@ge&mbytgumte@k 1000
This processing bl ogk | des, an nt SRl [

whi ch recei ves USGSSW g\) L‘i(meélejl 1sm, and dﬁ ugeli‘lﬁro?‘ (li.l gfe%c{g‘%cge(g; re‘u%l%‘;hegeme rg'.:&ata 01<§e1
F~gm a 4. The out pugf “t?ff refefjacq tﬁter/bzmolb}he &etem pqe%eeetsﬂlﬁglvwlwewmmw otvsct lae"eeg by
the conputer to per bQkdm wrtpaBASQpddRd by btk thd 18 paditetediin 1he Qlfekqu393b155he

{/mEte{ Ih::'/eﬂeog{‘ eg:}: ia;eﬁgaétfe%‘%hl*a&%drﬂten?%e l? %lnéhod%l?gP/ of tllﬁ m\}gntxon [ows fr.hbuﬂdm re ngc}
response to the pronystiesibasedop airii bidleb aireiy @Eéll%hebthmlblhmtke@ﬁwﬂ%ﬂﬁ ﬂltf%lqucetg is

satisfied, the pres ﬁﬂtev%t‘&l‘en%tr@xmm%ﬂ ile Bﬁaﬂds%e%(]somnﬁlke%mstlng @ystemﬂméfé'ﬂﬁ%}% of
saves, fi omthe set . of data ret

O herwi se, the procSUERKFEFLed s§t 02?)“}%“? éf?trs‘igle 9 “(‘3(5)"511 re‘ftﬂ'gm?ﬂ 1érsy-s’t-‘“auer y
obj ect processing bkoekin2008inveRlive. I aldisipn, t!peuepsym@bfnewtallwsohpelsg torsgtiistiiediB000
includes an utter-qugp Ltati Nexfubingd Q‘rmeQQetW(ﬁmmm G@dtsvg u

f eedback 307, just Ilaenﬁﬁgﬂ?ntrggghery onfe%t processing gﬁdc Og§§%h|s
second Iearnlng | oop, i e., inter-query object processing, is prlor ari and
hence is not described in snore detail. The ittra-query object processing
performed in processing block 1000 consists of (a) specification of parts)
of interest by tile user (i.e., user's iiterest is only mpart of the
queryinage or the user's interest is only in the vocals of an audio clip),
tb) tentative over-segnentation of the query object (or part of it) using
| ow- | evel features like color, texture, shape, audio frequency, notion,
etc. (It could also i ncl ude for exanple separatlon of audlo S|gnal |nto

T - Y 2




5 the pitch, or deiennmatton of video segtnentatton using notiqQnqve @r 3
fromthe fi ames of a rodeo clip. The segnentation results at a '§%$ yznp
.to the user in fiu~ctton block 402 with a pt onpt to indicate whether or
not the user is satisfied with the segtneniation results, at least in the t
egion of uriet est. The user's Input is,evaluated in decision block 403,
and if this Input indicates that the riSer is not satisfied wdh the
segnent ation, then'dtagendis@l appsaghridapeedctionduihg the dyhbesis krdputifica§egiocasssmer ge,
de-nerge, validat eﬁmnreeusgcnglesm h@uqtt,q,e,@apﬁon BhSimlfl S input is indicated by
i nput block 404 and is used io learn the user's pet ception mfunction
bl ock 405. Based on the | earnt user perception, a re-segnentation of the
medi a obj ect is pcrfonned in fuurErDRsdRIETIONOS TARIDERRAVINGSe! y, the. bl ock
406 could also nodify the nedia object of a part ofthe object io better
l'earn the user’'s per Ceprllteqaegoﬂg gt'd mh&%l’; gc% 'Qigectgﬁxd@&atﬂré@%ll RJ‘(QQ?!! tu}{iexnlgodtﬁrd?t
pitch to assess the user's sensitivit such changes esul
re-segnent ati on onHb@IFTedepilsf deaggtiong 1mdﬂW%ﬁW€$@d“ﬁdwﬂﬁém&S%W“éFﬂF?HtC|ton
bl ock 402 and, agaihadrabihg, inerer is pronpted to indicate his or her
satisfaction. User's respon \ r ,
col or was changed and t 28 tEs l%“% %%“ngégﬁgtgm%gggfgnﬁﬁh h%%%ﬁgyﬁémﬂm
cares nore about té&@d@@maﬁdmﬂdﬂm66lor The query object is defined by a
set of segnments, each segirentsabek dagamMBgauRehdk: gpliatgenreusp begaen 4of
the i mage, mienns gLn ray 1mnmalm““¥mmm€RGB val ue, texture and/or a
conbi nati on of thes the Of 3 it could include notion vectors
that describe the noti oﬁl%ﬁehjﬂeetla@tnx@tsgalww logipef tferppprgssstoy the completginpfage-
Zéquence A Zegrregtnaieelecetn@maﬁtmnisaeaédda& aid lfs@taﬁgl%&rd‘il@&hﬁhrmﬁémnoﬁ shape
escription and a si arit
query object is charactg]"'e4 éwﬂﬁa% ?ﬁm$m?%mﬁ¥ gn?@ﬁﬁm?%?%ﬁgP%éfcg‘aand
chr onol ogi cal reIaﬂwnﬂéhﬁbmmwg?ﬁéﬂgeqn@nmaDFGWfﬁesults are shown to the
user. If the user i s I NrREESIedd S illhdatloRer RAMbde Alowihd SdpMert MBOZ the B OH She
selects areas of i QSth¥ engI05|ng themin a bounded pol ygon, for
exanpl e. A subset o?p?%w%% §Y4UFY oundi ng the user's areas of interest are
shown to the user. Al terlitgezteﬁtselﬂywdlsegwé‘mratngWWO&JC%){SV@WH@@PHWWMI qetyhe
areas) of interest uu&@eususle&ach& RO OB (1eQ plRBE I Rled) WiecHkt (R IRLGEIPENT S,
e.g., by clicking Q h edge bet ween t hem or By clicking points inside the
segnents. This enabrEs fife conputer to caphtre the users notion of
similarity, topological Fapiedisgiiosdetayiledhting el atthdtvsaibogimeefiliezers 6ditefear ent
parts, and the usem@maoeeam@tfacb [IUgy &t forrudr 6o iGinésiQ R0 bof a thiNR1 4h&§r 1S
al so given an option of splitting a segnent into two or nore based on his
perception, for exanple, by clicking on representative points in the
segnent. The conput er now | ear RETAIREDAISERIRIAON AR APBERERREIhe sim larity
measur es whi ch woul d | ead to ner giEMPOIMENT OF THRSNVENTIRY sel ect ed segnents.
.The re-grouped object is again shown to the user. Tlus interactive process
is repeated until”™the uSReferringnsad thedravaaks, a Fpeesqptatdne eydtemiom kel thepresanl ih@wsnt he
user to create a C%tpgantenéaht ot B3 4] e D Hcls e hoftlor 11084 10T €)

dissim | ar se~nent 9 ower audits stem The two segnen S which are
dissinilar are ret &PYiRed%aich awkaybagrdandiariagpes Vil iprosssaingriemen 13 dIeRINESNBb) ect
set. The topo! o_gl cateman may g e#redd b Songiier sfseaiisukh@sa @fsonaldimpuited olaboristipiipfat S al ong
wth learnt sIm | ale i BARYRSraings | BEfnl (e RS ROHEAL 0 HELABASCrR SR, The
simlarity neasures e ad aptlve quan ties, Ich are adj ust user's
f eedback. The neas dvseméuw'évw emepery aimapssiorags fuplpas @ hird die pretsl & ot prrPrredi a
- 3 JAN 2003 6 obj esgriphkrals mxmtsangbletxhe 13 hcbisdeddn irfifRe HaMdike $4, @fpicalyStldd @ifthe0 f
segnents and sati sf rtai oIo arra ecified) are ~
etrieved duriig i nt%a?s-g%raée Afnwﬁm & ”gg""“c“”esp O"Sepqqﬁ%%ﬂ(euéeéztpof vi deo, the
segnentation results ni g"lF\IP CQ!}!DP#SnSﬁtemeﬂust&ﬁd IﬂrFeBy@ Ifig 2eptppd ﬁ‘P"emmeltSb’ﬁtmbm the

vectors, a g., a Clihentidhmay mwlenﬁmsaa,hamugdmted aﬁhp&hcawﬂnm eaanﬁjdwmcmﬁnusw th
i ransnati onal vect ql[’ ona vec

;
then select the car afitld'%tgﬁe colr"“séxamB E‘ne"[“mf’" rs’?'smmz§ ?)ccesstesasewerzlﬂﬁ‘éf he or
she is |nterested|h¢wwkﬂ©ﬁhngm@&ﬂ2nﬁbhﬂﬂheﬂédedW@hgé?DPﬁ@ﬂeénpdﬂemknlght
sepal ate the vocals fromthe insttlnnentals based on pitch or percussion
froma stringed insttlnnent. The user may then sel ect the desired sound
effects. In the picture shown in Figure SA, the inmage is segnented into
regions a, b, ¢, d, ¢ and f Segnents ~, b, ¢c and d differ in color but ate
simlar in texture. Segnent a differs fromsegnents a and f in tearture.
The user clicks on the edge~oi nng segnents a and b to nerge these segnents.
The conputer |earns that user cares nore about texture than color. The
conputer then ‘groups the reglons a, b, c and d together to make the query
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1. \'A conmput er inplenmented nmet hod enbodyi ng an interactive frame
- understanding a user's perception of nmultinmedia data for the ref\ﬁkge”/éiwggoa

.data from a database conprising the steps of: (a) receiving a user'
specification of areas) or portions) of interest as part of the user S
gquery object; (b) tentatively over-segnenting at |east a part of the query
object; (c) nerging or splitting of segnents specified by the user; (d)

| earni ng the user' VpR) beptign Adnaaredas)ne@prkpomby Brigkniofet. Thtsarve 3t aseleect ed

fromthe group COn§1lllﬁklbdﬂgiagﬁﬂse02@lnplléspontseqe)(&ulél1e§1ec<§\}3@§c§n lhg (!llgﬁ co% tglespscfe% 202H{ i o
m xture, and topol Ogl cal arrangenent of segnents; and xtracting rrom
i

t he database senmanfi®*BB] BEPEYY gepdry af’ﬁ%“%‘é%jﬁﬁﬁt“é‘s’l“gé%g}‘%ﬂm opticalapedia| ear ni ng
step. 2. The nethod accori [ﬁ\@en’éd)enibbc&lhm dthiswheriei, i 1m1hleuequﬂngme@bheaeetr sthus

defined by a set o , terlze one Q
vector, a shape degl(e: ?eglgl lOCCS% \\ch\ t?‘e ]%F o ngiuie% %Cg% m% ock 1?0%5 tTge quzlﬂﬁ olgjec?(f) ma&elhllex
accor di ng to clai anseleqﬁéﬁp@mﬁmqllhietalz}se@fqusry Slp@tﬂolfli“k’.‘/éz? i“‘@lﬁmi’ hdbuge st ligmativelast

one of color, text um@,qu@m;za,doe@huﬂbm ;ﬁlmﬁgauﬁn@mse anmvm@nsemoesm@tg,h@ra,@fesanﬂai er est
of the query obj ect.. 4 cord n the query

Ob] ect is over-s eg R n;tucxbo ect thff usrr mag ﬁ\en shnthe %e%m b r’a duexy 1tsm§& %e-compxleh dxc\xomxg as i o
frequency, or noti decrbgd 131@IT’H@ ugEGITPAUY @ P odestys| e prisintr e erprely) WWOC@S&IH&:M% Apap,

wherein the step ofryk a%@gsmgbma%daaamea&,s&l gaje@mpmgma.oh b@l @ﬁ&pe%m@t asel( @)
searching the data arned paraneters

a uer cts)
fromintra-query o%ie%é‘fk 3§ ‘édégb ‘SHﬁedq‘ ’B‘}‘X‘?eg é’ieF g ﬁﬁ@‘“g"é 8&‘?‘“%&’}1’&?‘ RG°S¥ t he
r et ri eved obj ects ambloed Bo@ntsedly thereprafuaita pirfodtadambasamidetio) funtidelrl gk 40idiieg t he

aser's per ception. retricveddbjdd¥Y; e%ge%'edt%ﬂ@use%lgmi:pﬁﬁ to'u@l&t@&ﬁ'&'ﬂﬁﬂg ol &t Q%S-Of
quer y- obj ect synt h%‘g‘% s/ nodi fica

ion conprising the s recei ving
and parsing a text 08t VIS ‘rHObTU%‘é S respeyye ‘g@&@g@w je"i“aﬁi’ o é"éﬂ?éllb&?d‘of
pre-conpi |l ed annot &04ed tl@bpeetssa&sf@d;llngre@mp@rsswds anétht wsal pickiul e, Yowi@ys cosagani zi ng

sel eCt ed objects baggdh.Qn .fhE reHx%ﬁS byﬁhe‘cﬂ%ﬁfeﬁﬁiﬂo&@(ﬁ @’\lgm(lsg,)thelp%gspénﬁg; tltehe
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an i e., inter-query object processing, is prior art and hence is not described in more detail.

The intra~-query object processing performed in processing block 1000 consists of (2)
specification of part(s) of interest by the user (i.e., user's interest is only i part of the queryimage
or the user's interest 1s only in the vocals of an audio clip), (b) tentative over-segmentation of the
query object (or part of it) using low-level features like color, texture, shape, audio frequency,
motion, etc. (It could also include for example separation of audio signal into high and low pitch

components. Various prior-art segmentation techniques can beapplied in this context.), (¢)

-~
]

merging or splitting of segments/regions specified by the user, (d) learning user's perception (e.g.,
color, 1exmre; shape, topological and chronological arrangement of segments or relative impor-
tance of object motion in video or of varying frequency components in audio), and (e) extraction
of semantic object(s) using such segments. Inter-query object processing comprises of (a) search-
ing the database for similar query object(s) using learnt parameters from intra-query object
processing, (b) user's ranking of the retrieved media as relevant and irrelevant images, and (¢)
understanding user's perception to improve the retrieval efficiency for the next iteration of
database retrieval.

The intra-query object processing of processing block 1000 is shown in more detail in
Figure 4. The first step in the process is media object segmentation performed in function block
401. Multimedia segmentation could imply image segmentation using low-level features like

color, texture, etc. for images or audio segmentation into signals of various frequencies based on
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~interaction. 8. A conputer inplenented method of dictionary synthesi s and
.updation conprising the steps of: (a) adding an object and a simlarity
function for the object to the dictionary in a category chosen by a user or
a conputer, after the object has been rgtrieved; and (b) annotating the
object with a textual description given by the user. 9. A conputer
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conputer program c Oge%' Jng re l e SN Iec% areas §m§3{&st b? en@lgs';n%?lpem in r-looundeé ro géosneitore cted

obj ects fromthe user s eract I program
conprising a co rrpute@fnpl&sl\aquset oﬁ@@eﬁmtﬁgmdlq@éq yperd prpas efmterest are shown to the user.
synt hesi s/ nodi fi cataitehativdly) e aIMAlisSerf@h PRI M 2R inteR ] The L9aMis now allowed

to merge two or more segments, e.g., by clicking on the edge between them or by clicking points
inside the segments. This enables the computer to capture the users notion of similarity, topologi-
cal and chronological relationship between different parts, and the user's area of interest in the
query object. The user is also given an option of splitting a segment into two or more based on his
perception, for example, by clicking on representative points in the segment. The computer now
learns the model parameters and the similarity measures which would lead to merging or splitting
of the selected segments. The re-grouped object is again shown to the user. This interactive
process is repeated until the user is satisfied.

The present invention allows the user to create a composite object consisting essentially
of two (or more) dissimilar segments, e.g., a flower andits stem. The two segiments which are
dissimilar are retained as separate segments and are added to query object set. The topological
arrangements and features of individual segments along with learnt similarity measures are usgd
in subsequent database search. The similarity measures are adaptive quantities, which are

adjusted with user's feedback. The measure could be different for different segments. Multimedia
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14. A conmputer program product conpri s¢]ng a conputer usable medium for
query- obj ect synt hesi s/ nodi fi cati on, e conputer program product
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rul timedia data for the retrieval of data from a database according to
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pararreters from |§g%§s€&u eaxchglglg laRLocessing; (b) means for receiving the
user's ranking of the retriev é‘ jects as relevant or irrelevant data; and

(c) means for under st aihigPesgble tha thy Seé?f"%“ab‘é‘ﬂd apressdriull- fipthat pase he pystgnfaegprd-

quer y- obj ect synt1h§:smﬁ/umﬂbnfdla>&£m&nm@wraare|a1$appgmmétaaluemajasfr&@ﬁtexmqaew ng and
parsing a textual quer

of pre- COprI | ed alﬁln 6 ? % dnpq%l dactufnary of ob_lr%ctp The dlarg and xop apploagl 15a gogd cams:| éa?etd)lonar y
query object synthesxs Textual phrases can also be used for specifying topological relationship
ofdictionary objects. Alternately, if the dictionary is large, the query can be formulated textually
in terms of the dictionary objects and their topological relationships. The dictionary is augmented
in run-time by letting the user add an object to the dictionary, every time he or she creates one in
intra-object processing phase. Here the present invention is different from prior art techniques
since the object in the present invention consists of the feature vector describing the region and a
similarity measure f"which will be used to measure the similarity of this segment to others. Thus,
two segments with more or less the same feature vector could have different similarity measures,
e.g. a homogeneous region made up of bricks in the shape of a cottage could either have a
measure that says the shape matching is to be used to find cottages made up of either bricks or
concrete or wood, or instead the measure could denote that the brick texture is to be used to find
any brick region whether on the floor or wall, i.e., any shape. This is a different embodiment of
this invention with the same objective of understanding the user's perception of the multimedia
query object, achieved using query object synthesis and/or modification through user interaction
Query-object synthesis using a pre-processed (i.e., pre-compiled) object set (i.e., diction-
ary) of objects as described above is shown in Figure 6, which describes in detail the block 4000
of Figure 3. In this embodiment, the process could begin with a textual query, as shown in input
block 601, that is first parsed in function block 602 and ihen categories are accessed from an

"annotated" pre-processed object set, or dictionary, in function block 603. The object is then

synthesized with user feedback for adding and/or deleting components or specifying the
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Image Querying", CVPR * 7 Workshop on Content-Based Access of Image and Video Librar-

1es, Puerto Rico, June 1997, also interpret the query image and show the segimented image to the
user. The user can then select the segments of interest and in addition can manually assign
weiglts to the different features. This is used to formulate the query and thus there is no notion of
intra-image leaming of the user's perception.

While the invention has been described in terms of a preferred embodiment and alterna-
tive embodiments, those skilled in the art will recognize that the invention can be practiced with

modification within the spirit and scope of the appended claims.
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user's query object;
(b) tentatively over-segmenting at least a part of the query object;
(c) merging or splitting of segments specified by the user;
(d) learning the user's perception of area(s) or portion(s) of interest selected from the
’ group consisting of color, texture, shape, time sequence, audio mixture, and topological
arrangement of segments; and

(e) extracting from the database semantic object(s) using the segments learned in said

learning step.

2. The method according to claim 1, wherein the query object is defined by a set of
segments characterized by at least one of a feature vector, a shape description, or a similarity

measure.

3. The method according to claim 1, wherein the user's specification includes at least one of

color, texture, shape, audio frequency, motion or region of interest of the query object.

4. The method according to claim 1, wherein the query object is over-segmented by at least

one of color, texture, shape, audio frequency, or motion.

5. The computer implemented method of claim 1, wherein the step of inter-object
processing comprises the steps of:

(a) searching the database for similar query object(s) using learned parameters from
intra-query object processing;

(b)  receiving the user's ranking of the retrieved objects as relevant or irrelevant data;
and

(c) understanding the user's perception.
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(b) accessing a dictionary of pre-compiled annotated objects using a parsed textual
query;
(c) organizing selected objects based on the user’s interaction; and
(d) learning the user’s perception of the selected objects from the user’s interaction.
7. A computer implemented method of query-object synthesis/modification comprising the
steps of:
- - (a) accessing a dictionary of objects based on a user query;
(b) organizing selected objects on the user’s interaction; and
(c) learning the user’s perception of the objects from the user’s interaction.
8. A computer implemented method of dictionary synthesis and updation comprising the
steps of:

(a) adding an object and a similarity function for the object to the dictionary in a
category chosen by a user or a computer, after the object has been retrieved; and

(b) annotating the object with a textual description given by the user.

9. A computer implemented method of dictionary synthesis and updation according to claim

8, wherein the similarity function comprises learned perception parameters.

10. A computer program product comprising a computer usable medium having computer
readable program code embodied in the medium for embodying an interactive framework for
understanding a user's perception of multimedia data for the retrieval of data from a database, the
computer program product including:

first computer program code for receiving a user's specification of area(s) or portion(s) of
interest as part of the user's query object;

second computer program code for tentatively over-segmenting at least a part of the
query object;

third computer program code for merging or splitting of segments specified by the user;
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fifth computer program code for extracting from the database semantic object(s) using

the segments learned by said fourth computer program.

11. A computer program product according to claim 10, wherein the fifth computer program
code comprises:
sixth computer program code for searching the database for similar query object(s) using
learned parameters from intra-query object processing;
— seventh computer program code for receiving the user's ranking of the retrieved objects
as relevant or irrelevant data; and

eighth computer program code for understanding the user's perception.

12. A computer program product comprising a computer usable medium having computer
readable program code embodied in the medium for query-object synthesis/modification, the
computer program product including:

first computer program code for receiving and parsing a textual query from a user;

second computer program code for accessing a dictionary of pre-compiled annotated
objects using a parsed textual query;

third computer program code for learning the user’s perception of the selected objects

from the user’s interaction.

13. A computer program product comprising a computer usable medium for query-object
synthesis/modification, the computer program product including:

first computer program code for accessing a dictionary of objects based on a user query;

second computer program code for organizing selected objects based on the user’s
interaction; and

third computer program code for learning the user’s perception of theobjects from the

user’s interaction.

14. A computer program product comprising a computer usable medium for query-object

synthesis/modification, the computer program product including:
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to the dictionary in a category chosen by a user or a computer, after the object has been retrieved;

and

second computer program code for annotating the object with a textual description given
by the user.
15. A system for embodying an interactive framework for understanding a user's perception

of multimedia data for the retrieval of data from a database comprising:

means for receiving a user's specification of area(s) or portion(s) of interest as part of the
user's query object;

means for tentatively over-segmenting at least a part of the query object;

means for merging or splitting of segments specified by the user;

means for learning the user's perception of area(s) or portion(s) of interest selected from
the group consisting of color, texture, shape, time sequence, audio mixture, and topological
arrangement of segments; and

means for extracting from the database semantic object(s) using the segments learned by

said learning means.

16. A system for embodying an interactive framework for understanding a user's perception
of multimedia data for the retrieval of data from a database according to claim 15, wherein the
means for extracting comprises:

(a) means for searching the database for similar query object(s) using learned
parameters from intra-query object processing;

(b) means for receiving the user's ranking of the retrieved objects as relevant or
irrelevant data; and

(c) means for understanding the user's perception.

17. A system for query-object synthesis/modification comprising:

(a) means for receiving and parsing a textual query from a user;

(b) means for accessing a dictionary of pre-compiled annotated objects using a parsed
textual query;

(c) means for organizing selected object based on the user’s interaction; and

(d)  means for learning the user’s perception of the selected objects from the user’s

interaction.
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- (b) means for annotating the object with a textual description given by the user.



