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1 A METHOD OF | NDEXI NG AND | DENTI FYI NG MULTI MEDI A

. DOCUMENTS The present invention relates to nethods of

i ndexing and identifying multinedia docunments. From a
general point of view, identifiying a 5 nultinedia
docunent conprises two stages: a so-called "indexing"
stage during which attenpts are nmade to characteri ze
CACHEFAGHBAL 1RAESTRE M9 USiMT THEGNE S Eg%%ﬁen??bﬂﬂms
a finite nunber of paraneters that can subsequen
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user, to identjfy a query inage, search is
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t halt saedbh ydodemerer ussiprike Nuwer ettsageet:hods al ready

exi st for Lnd |,ma s, . that reI n.extract
shape at%r%g ?éif ?on1 eXl?%; &5 eyép 6n€h§' ﬁéggttF?Pts
apye m@@@th@r0hw1¢p%ﬂnrz¢nﬁaﬂh'ﬁ@wumﬁne béxaupeeviotbey
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PERITIRPEL W &S Starge aadotippisplated easily;
|aﬁ@rnat|on thereby | eading to conplexity and
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dregheask snadel 0 Pprundmde ea gnetthoddehtgeépenabue?p image, a
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docunent ronal e processing and
I%H@I#l@rt@ grlote SETIG Y hde trﬁaueate much shorter,
whi | e Nﬁrﬁ&f&?@lrﬁ&ﬁ&fs QU %fxfs'ae £6§S Hh&éxéﬁg iﬁ&éés

reliability, thus making it possible in particu

389 ocelel W 1SRN ShePsr éﬁé§1ba§@a Sﬁowoﬁbwts
Imla]a:ngrLQﬁI”fQ&a vinidyd,he fi awent t@@ethb@sﬁlﬂhnﬁt@fﬁbutes for

TR Rt drng ehArLbesAga P Fha: TRESEompr | ses

the favovigleiepiknds akthodseaphlgotumehelids that are
A | 1 AN L %%%'tnqnvgf&gsp%cgggmtgtsgryylarge

vector arac erizin
amount of 1nformatlon, thereby leading to complexity and

slowness in processing the information.
The present invention seeks to remedy the above-
mentioned drawbacks and to provide a method of general

application for indexing and identifying multimedia

. documents, the method rationalizing the processing and

leading to processing times that are much shorter, while
increasing the quality of the results and their
reliability, thus making it posgible in particular to
proceed with effective searches based on content.

In accordance with the invention, these aimg are
achieved by a method of indexing multimedia documents,
the method being characterized in that it comprises the
following steps:

a} for each document, identifying and extracting
terms-t; constituted by vectors characterizing properties

of the multimedia document for indexing, such as shape,
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of the nmultinedia docunent for indexing, such as
shape, 2 texture, color, or structure of an inmage, the
energy, the oscillation rate or frequency information
of an audio signal, or a grouyp of characters of a
text; b) storing the terns ti characterizing the
properties 5 of the nultinedia docunent inaterm

b%%gctaggprgégewe tsﬁp@ct@ed&é% | t@i%x' g{‘é%y, the

concepts co t'he
pOECiLAGAL 1PBr HBLE| OF e @IgRG® indiprmatdger Olfe§§1 BHERO

Psighkh, ethaC§B§@§to§|cMa{H}:é& dgsignegtt,0 conbi ne
al | te% %hat are nelgggorlng from the. point of view
of thef? ERFiBPeFRStt BPCarierigitAetiarpropgrties

obfdthéamuéslmeﬁm&edn¢¢mEnﬂeﬂnnatuenm=Hdma cemprbasay p

)S_eggl orrp05| ng the set P of terns ti of the term base

1 N portions Pi such that P ,=P1L UP2 ... UPi
v PN debarhipbry i dmMmaxigonprimiar M ofetdesfiredr ns

iébgeegtgee&gmﬁg@{, CHRREL DI QUMD v LN LELB 1 1

t distri ed In such manner that teér
af“E FBF?ﬁ%F legmythan Ro Helh &W iGPrFERti fetPPHrd i ons

PdcPanuhi to a&nnsmémamhaiexarse 0 elre 0@8LRBETaRE FPom
b ound # ortion P1; ezIstructurlng a
glﬁ%eg?lla{: c? oY?a‘?Y/ ifo SRR dPE 15 hi nary tree

in whi éh théclhbaviesy doe anatrihe T (c:CEn(chﬁsttSincesobetheen the
d'%ﬂngn@r%@%et q%rgloggg of the tree 25 contain the

ornmatton necessary for 'scanning the tree during a
stage ®f fdepmpesging thelcamehohyesowpssi of the twamh base

PL RV ONShyr ¢ elex asl @geﬁmﬂag pandpg)ucwstfaﬁtp' ng @ p,
fi n&é rint base rade . up of t of *concepfs ci

r 8preskNt F e thie CP@PF?%SELP%F‘ PRk 3D EBEDFehysaRd ]B%lng
| helexesenead by ar Wkiepteid)g BRE0CEBLE, Wdihoa

Aty Miaidh B SPIGEHES HISel ey L fariner

| WS SHICE dt@doewl fidured dat disetincanporsingst Re, ryynivadle
O:If,e%ngé 'T@nal\P arTe '&Jé%er GRGUIRALS LR WA 6 EAGLGONSePhe
same portlon PP

f) structuring a concept dictionary so as to
constitute a binary tree in which the leaves contain the
concepts ¢; of the dictionary and the nodes of the tree
contain the information necessary for scanning the tree
during a stage of identifying a document by comparing it
with previously-indexed documents; and

g) constructing a fingerprint base made up of the
set of concepts c¢; representing the terms t, of the
documents to be indexed, each document being associated
with a fingerprint that ig specific thereto.

More particularly, each concept c¢; of the fingerprint
base is associated with a data set comprising the number
of terms No. T in the documents in which the concept c; is
present.

In a particular aspect of the invention, for each

document in which a concept ¢, is present, a fingerprint
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In a particular aspect of the invention, for each
docunent in which a concept ci is present, a

fingerprint 3 of the concept ci is registered in the
docunent, said fingerprint containing the frequency
with which the concept ci occurs, the identities of
concepts neighboring the concept cl in the docunent,

an¢ @heConAcupLC e ty

rogs SrEeRBe L it dy B R AE AL SRt Veata

off HHETRBENFeRPERERing Chaef Jﬁ@seés-’cy t»\tl@ht whicbn&apt
Cboné@ﬁenbagﬁﬂﬂﬁky thie irRLRad ik Bﬁecbﬁ¥§ﬁﬁéoﬁe1?hbor1ng

8g§rlses a_step of _optjmzing the parfitioning
1 5EBFOPCEPt L Br i G716t ROCUEIERra 8B 8 ae%ﬁp‘&%éceaw a
setaR valoeMt| assElarity Incasirenerns baeweeh ﬁhepboncept

duce the ri Qution error of t P
fg i tager%érgché etetrhe ter ?ng bgféf ﬁgﬁ?%m‘ﬁ“b orttforfF g% FSZLPS est
to, thy) caneert ech portion Pi is represented by the

termt n t error
t hat |§dg§ﬁ%?%§%% ibeﬁﬁa suéﬂﬁiﬁﬁpQ%% lﬁbs?kmﬁn re et
=CPERYLicE, 3 Fler RE é?rntdimlc?dma tithed PRy titdening gfj the

reptapi g t&end SM-td tQfrnd R iteN d@'co\*ﬁbb@et balta!nQS{: P
nst ances, the ne hod nm

suc rc nprise
fb?P%m#n% IR Ci2d i 5 decoﬁho§’ é" s S PSSfa?eFﬁB
inedutaotmerdisﬂnnbd{hanuéﬂﬁhr|dﬂ ﬂmeteentnlag taemsWon
t o tis t gre th urihest
agg(rgfté%%rres%onrg’{ ng osr le?nsgr eli'gt egt’ di’ 3?851 Bﬁre %?Ch
t hergien ale:eSrrﬁtePiL‘%S¢nt§§ bii Fhéotrerach; ttdvarn tile c!rtakteneas
Sehe Profd@ft . NIthe 8e8orRRLACE ot BEmAll StanGe Pkl h
bet ween the térmtk of the ternt? QSm ?%ss than the
desaance Yki haenees, tm{aé(rtmﬂklen@hbherrberabhmteed by
if so, ablfocating t he t@£n1tk t'o the portion P1, and

ot herwi se allocating the termtk to the portlon 30 P2;

ahPRI9I7Y TR iYFFS &p PF BnPPFTifR Bediitdd taunber N

of povhdensswiih heisdieeitaokicd nete aedhod Raghcomprise
Ii],:l?é aféffowing steps:

i) decomposing the set P of terms into two portions
P, and P,;

1i) determining the two terms t; and t; of the set P
that are the furthest apart, corresponding to the
greatest distance D;; of the distance matrix T;

1ii) for each term t, of the set P, examining to see
whether the distance D,; between the term t, of the term t,
is less than the distance D, between the term t, and the
term £, and if so, allocating the term t, to the portion
P,, and otherwise allocating the term t, to the portion
P,; and

iv} iterating step i) until the desired number N of
portions P; has been obtained, and on each iteration
applying the steps ii} and iii) on the terms of the
portions P, and P,.

The method of the invention may be characterized

more particularly in that it includes optimization
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applying the steps ii) and iii) on the terns of the
portions P1 and P2. 35 The nethod of the invention nay
be characterized nore particularly in that it
includes optimzation 4 startiyng from N di sj oi nt
portions {Pl, P21 PN} of the set P and Nterns {t1,
t2, ..., tN} representing themin order to reduce the
d t r 0 portl RS, .a
S ARer Al OO T Ble Pt iR e s o AT or Dhe
c&leéuPaFnﬁgNth%rre%nt’erstef gr aliit )regre@fenttheg bbeti dns

Pbrdé!r) téairé&'uéyﬂgeaiéc%nﬁaésQUioYld%(rgoml lo¥ %'B@ ?[et P into
ePi 1ld2(ti, ‘é when replacing the terns

pOr PPERIEPS « 137 l?e%*b%%tlri‘vétcgmp&yseis &he Wltlpmzte Steps:
| i) coppesaieglstingnthes el @ aGiaRd thi QYof thdé

é rélgltll and iv) calculating a new di st ance matrix T
bEPWEER Thet’ terms ti of the termbase and the process
of decéﬁbo%@%‘@ﬂ%%en%eetrlﬁﬂm stCeF (@hey)t endh base
into N portions, 15 unless a stopsigbndition is
sa) it gd, \widn mailacsioigtthe threshel dof e pherions
rejesﬁesents the error commtted at instant t_. In

ogggf,eépl\;@fwgl{.qt e $8apghing and identifyi ng

docunent s purpose of structuring the concept_
20 di c%%bha‘?‘?lnpﬁarmlfdht PeA eparng gyepleqdoedt; by C; if
| ¢gr at kel wr@n each iteration, beginning by splitti ng

t he set of concepts into twog subsets and t hen
sel ectt @L?d%étg Bl M STABCEt MBRTHNt T bFFlEeen the
desrmed: nmbeheotegmoba.eel andobhai pmb@gs Ut | decdonid3ding

5 Th t b
BT S (e e, Re%BLbbkpeR P Rt ar o
a‘llllllmeﬁﬁmmszqndﬂtlswmms ssftasdaed wévhati on. More

articul arl duri ngct hecstructuri ng of the
P y: Q—L———EL < threshold,

£c,

where gc¢, represents the error committed at instant t .

In order to facilitate searching and identifying
documents, for the purpose of structuring the concept
dictionary, a mnavigation chart is produced iteratively on
each iteration, beginning by splitting the set of
concepts into two subsets, and then selecting one subset
on each iteration until the desired number of groups is
obtained or until a stop criterion is satisfied.

The stop criterion may be constituted by the fact
that the subsets obtained are all homogeneous with small
standard deviation.

More particularly, during the structuring of the
concept dictionary, navigation indicators are determined
from a matrix M = [c;, ¢4, w, ] € %R*N of the set C of
concepts c¢; € %P, where Cc; represents a concept of p_
values, by implementing the following steps:

i) calculating a representative w of the matrix M;
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concept dictionary, navigation indicators are
determned 30 froma matrix M= [cl, c2, ..., cN E
%*N of the set C of concepts ci E RP, where ci
represents a concept of p_ va ues, by inplenenting
the following steps: i) calculating a representative w
of the matrix M 5 ii) calculating the covari ance

mat rix ;W b%%%‘é'i‘a‘ct'rﬂﬁ? @ﬁg@&érﬁnéélﬁsg@}-}a X M A0, dE ehe
representative w o he matri X I1i) calculating a
pPOEBERLEnCAXFBeundbEiprdjand ithy Brursasitardmes wof of the
thacwakrmx M iv) calculating the value pi = d(u,G) -
d(u, w) .ang deconposi ng the set of concepts C into,two,
subset $*¢&1 SRACUEIEHRI {31 PHMEECLHOD Sefhs pL<fpr projecting
ECRBef epemenfs16f vihstmat g thie i nformation {u, w,

Jpl I, i e .assocj ated with C _ .wher i s

t he rragﬂmfngcl){:agﬁ:gﬁg LI O"_'E‘lzflinuoerpz1L is ({](hué Crﬁ)ni'nﬁrhﬁof") and
aPpcppssdngt hlee deatt sltednpeptg Jphito pp subsets C1 and
censhit Wb Ngwkhe navigation indicators in the concept
dictionary. 15 In a particular, i npl enentati on, both

the structural conponght § gﬁdlé ke Sdhpl enent's of said
structural conponents |corsttift @d by t he textural
conmponents of an i mge—of-the—-docurent are anal yzed,
and: ay)watbrim@atlyeiimfatmtsiarudtwur al, dedgoneatsinf the

tH@deZQségégﬁﬁeélt}itﬁP@,d%%éo?ﬁs af (hRe LoRger of a11 pi
structures are distributed into different classes
depRrRRhPDN F Hehe SHindmua iofnadf Phe > Bcafheadpbeioat {u,
iw, | benNsipy} sComst ftut 4R ithe Shrdehidiah $HBREREors in
e{:errents oftt%xael |maI%e' and 25 a2) performng
SHAT i SPPCRT AV construct terms constit uted
by vecIimrs pestidbiayy inie enleoralt ipnopeotheshandtitetural
g% propert i es, of ructural .support. el enents;
b% iTe ana yZi nge t%oé&’telgﬂ%&}%l O%or?ﬁ&%e%fp‘gug%:uf?ige 30
i peigeonents constituted by the textural components of an
image of the document are analyzed, and:
a) while analyzing the structural components of the

image:

al) boundary zones of the image structures are
distributed into different classes depending on the
orientation of the local variation in intensity so as to
define structural support elements of the image; and

a2) performing statistical analysis to
construct terms constituted by vectors describing the
local properties and the global properties of the
structural support elements;

b) while analyzing the textural components of the

image:

bl) detecting and performing parametric
characterization of a purely random component of the

image;
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bl) detecting and perform ng paranetric
characterization of a purely random conponent of the

i mge; 6 b2) detecting and perform ng paranetric
characterization of a periodi ¢g conponent of the inage;
and b3) detecting and perform ng paranetric 5
characterization of a directional conponent of the

| mage;  C)  §29UBkREct g SEha Obe FESERLRY INE- SN S Of
the immge in a limted nunber of concepts constituted

f ISPyt ek 28 RACR eP Fsd deREFoM A FatROestalofasdeg iobak ;
paoy@erties of structural support el enent and secondly
by the 10 par ters, of the parapetrjc ,
characteri z%??gﬁgg%tfﬂ% a?%n@%ﬁfg%l?%&?a&a%lc
dichecbicoral zebnponehts dlieféati ghdtheronfpetiemtabf the image;
conponent : LRoe.. a for .each -docunent,

def i ni %g)] grg Pﬁ%ggpﬁlﬁr‘%t &?rf o(!;m]]{;l C? & o ctulr‘?eerﬁagéaéﬁe%t%ﬁec’f the
p88REFOAB, aahtmi hed fruthaincl e wicept® saingtdontept §irstly
Agyanhagdesint Yaesbei th &R c Y ORSI] %élcpfglib%gldg;:g Fgﬁies

struct ur al SUprI‘t el enents taken into consi
f BF SESHEEPERE | FiPRITes (St sechisqconsiyt ke §hpport
t ppesmesetecoé£oche arammmutgsic aHdmeRerSzhitPofE 8f the

cCuryv ar the. 20 1 engt.h and w dth di nension f the
SHEESPRT Bt il At RS P S TBeRES GRgiphaS the
shaptuzald tdmporsrats sifi ddle pmeper;t iaesl of the pixels
consti gyt | SURRY Q. . R ' 0

t he st?ﬂc?ﬁ?a‘%&?ﬁpport rgtS' e g%%rﬁ a gﬁ?@%%ékg%%o%ﬁ?m

f bRecoRSeFIRRTeRy tidiamPosddmpmisse aad Ithgsfrepeenoiberof

ofacachohydsc Hf support and the spatial disposition
t hereof ., Preferabl during anal ysis of the structural

conponfYRRRIEHE %ﬁad@e dEloPropsEtigspeft BRfed to

39t det ecta Wheidieirtate leg@sit coR@ kel Uatr eohsifELSENén | flor
regmear Bl e R R deBRYo PanarbEPRy TRes
teslerd Tompoenemastofa fliedamagérip or a curved arc, the
length and width dimensions of the support, the main
direction of the support, and the shape and the
statistical properties of the pixels constituting the
support. '

The global properties of the structural support
element taken into account for comstructing terms
comprise at least the number of each type of support and
the spatial disposition thereof.

Preferably, during analysis of the structural
components of the image, a prior test is performed to
detect whether at least one structure is present in the
image, and in the absence of any structure, the method
passes directly to the step of analyzing the textural
components of the image.

Advantageously, in order to decompose boundary zones
of the image structures into different classes, starting
from the digitized image defined by the set of pixels

y(i,j) where (i,j) € I x J, where I and J designate
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Advant ageously, in order to deconpose boundary zones
35 of the image structures into different classes,
starting fromthe digitized i mage defined by the set
of pixels vy(i,j) where (i,j)E1 x J, where | and J
designate 7 respectively the nunber of rows and the
nunmber of colums of the irmge the vertical gradient

'?g@?ggggyﬁ%}ewﬂﬁ et 3%] 5&%@tﬁ%§5§%§%§lof columns
g&lfc Gh&t é'aa%ndtgli*%e‘f%%?g@ll o Jteintti émeges Jdépentli wigpre <
on khe hbpgath®rh&M M Qfrddierd adaget 4l @10 ﬁ with (i,7)
finite nunber 5)?? uj d stant cl asses, the i M

céntfa*nt'ngTEhER 37 oo ft%elf@géd.lewaeféa%@oned
ddépaadln@yomhEheHﬂmﬂaINbriaﬂtaaloﬂ @tC itangi@dtibat into a

c tuti n v support
r ggﬁ%ﬁé %]gﬁ?%# ngél &ﬂ‘ufc?lcéatn %G plﬁ%rS% o %hf‘a hé™ %ﬁs i s of
t Rentappory the @ﬁélﬁ@ad?@rde:tfemaﬂg@tadnentc betiegi defibed

IB yarRar&agad asn aspect of an eI ements are (1) likely
identified, and regi o%s %fl cant support
Qr

| ndexed usiing ) pr_egqtcen;@nn 1' invention, theg
shapes i mage of a documsn e ,anal yzed using the

Q{qlo&%g stgf_pO rnformn rrultlrefc,lolw;li{gl fo

P WA By dEtIS o b U g g one 1ikely
contain 81gn1f1cant support elements are identified, and
on the basis of the support regions, significant support
elements are determined and indexed using predetermined
criteria.

In a particular aspect of the invention, the shapes
of an image of a document are analyzed using the
following steps:

a) performing multiresolution followed by decimation
of the image;

b) defining the image in polar logarithmic space;

¢) representing the guery image or image portion by
its Fourier transform H;

d) characterizing the Fourier transform H as
follows:

dl) projecting H in a plurality of directions
to obtain a set of vectors of dimension equal to the
projection movement dimension; and

d2) calculating the statistical properties of
each projection wvector; and

e) representing the shape of the image by a term t,
constituted by values for the statistical properties of
each projection vector.

In a particular aspect of the invention, while
indexing a multimedia document comprising video signals, .
terms t; are selected that are constituted by key-images

representing groups of consecutive homogeneous images,
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20 b) defining the imge in polar Iogarithnic_space;
c) representing the query inmage or inage portion by
its Fourier transformH, d) characterizing the Fourier

transformH as follows: 25 dig projecting Hin a

plurality of directions to obtain a set of vectors of
di nensi on equal to the proj ection noverent di nmension;

a d lati t LSt t]
A IebnrabEd o i ot by’ byl BhBRal LeSefier terms
shape of the inage by a termti constituted by val ues

for thQnSbQEéﬁtt§aheﬁéﬁmEﬁé|Kgyiﬁma%§§ﬂbdﬂ%%?%ﬁkhﬁahtFrms
I nventi on e

ctor. In a particular, aspec
iﬁéleﬁ ngf & ‘F?Citrﬂsrd iy &éc&ﬁéﬁ%agﬂaﬁpﬂﬁgﬁﬁ@t%@d%%mprlsmg a
sisghab$, el8betes NV (i) areprsaleetiaed vehalf @he difference or
C [ e resentin rou
L £ e e e L r B LB s Threy & ane
déher apptEnbyofjraupirage orfetimsiext érs anid, the erdee to

detet 81 Nev key - 4 AROESe £ 05 td Il 'CE[% B mihk k@f&%&e?

vector SVis initially generate npri si ng set
eFBHERt SOKRFRORG p?%é@%il&tqﬂxﬁe odf tthﬁ’e Va|1flfe§r ehcther

sebehant s yswet weeh tie s_cdmteemrbfc%ra@w nmage of | ndex i

and the content [ e of index i-i,

score vect®d r%ifﬁiﬁéikﬂ d"EAE oA eﬁnpﬁxdé%e%?n9ﬂ951dered
kag - bﬂHgB§1kMyfimagHrmeﬂndvE@u&agwwgmsoﬁfthhe val ues
ofobhgs ﬁ&ﬁmeﬁn&\@ s Q;fh QS&%%%CXSQ gerg aN,9££lmum

partic e of i S consi
b%‘il‘?igtl'ae k‘éayﬁl%a?@é( Ny Jtaqen\tala@@dsb(ajt)ve@ﬁ the mmlmums minL

cand eprandidit ol e ikl FEOLRCUEEhAt MY LS(fsv . -
nHXIﬂEn1 and the value SV(j) Is situated betmeen t

msl Y oL 185K InitSRITAAGSET CRAB i Al HEM MErewRaLd.-
that Metufni® jto ﬂﬂdﬁdLng|§Vﬁhlt1mﬁﬁﬂ81hobﬁm@ﬁ@ater
T e B S RSP 6y n PR B AbohBrF e kL and
dédeeommsdd igeplfothmesd whdéchnposedsi are fuhaseguentiwh
& PR R RHIREAUGRY Y1ips, each being characterized by
a term t; constituted by a parameter vector.

A frame may comprise about 512 gamples to about
2,048 samples of the sampled audio document.

Advantageously, the parameters taken into account to
define the terms t; comprise time information
corresponding to at least one of the following
parameters: the energy of the audio signal frames, the
standard deviation of frame energies in the clips, the
sound variation ratio, the low energy ratio, the rate of
oscillation about a predetermined value, the high rate of
oscillation about a predetermined value, the difference
between the number of oscillation rates above and below
.the mean oscillation rate for the frames of the clips,
the variance of the oscillation rate, the ratio of silent
frames.

Nevertheless, in alternative manner or in addition,

the parameters taken into account for defining the terms
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20 grouped together into clips, each being
characterized by a termtj constituted by a paraneter
vector. A frane may conprise about 512 sanples to

. -about 2,048 sanples of the saypled audi o docunent.
Advant ageously, the paraneters taken into account to

25 define the terns tj conprise tine information

carr ondi st..one of the fo
pgfd%%fers é%ﬁ#éi néFMl%\ %gegggpgy hgfm?Fg%%s t he
sFQﬁ@QﬁEOEévnﬁtt@na@fleasﬂnpnﬁupﬂyUhe|ﬁmlﬂbwlnglps t he

PHBQmé@ékét | BRe ' &hr tcnze defeéﬁfc&s/ tgéf/;f?eghaﬁﬁgat €

30 oscillation about a rm ne

h?QECFaP@ Bf thectrosh |%Wléllﬁ¥uttréirﬁfé>d?@t efnthedavdie,

t Begdiff etBﬁCBanMdﬁerbﬁ ft&uenlamﬂro @figasgl, | kaki etio
rﬁtgs abov and bel ow illation rate for

Fralos e SoRETE bt Lraihay BRcd P FHE. Cotal
osnergutnnnthatentiﬂuaﬁnﬂquﬁnﬂyzhdn@nbf 8hef pampted audio

'\gysﬁyﬂe' €88 mddh Ald /I ¥ SRS v%&&eglsgd'o% Plo

araneters taken I1nto a iAng t
t%@h%cgnh faaremt dy eo sl ip . disy icse offfe fuepugncy of a
isfopmation corresponding to at |east one of the

foll ow n araneters the center of gravity of the
fr equeweﬁ Dot FHIRTORY  frdes Iﬂﬁrta“F&@FSeFai‘:?anéFBP nt@fount

t her adelf tin ngi tgrraltextn’rse thamndwi dbthp:@%sé hege aléhég: derm@y
t tveen the rgy in a frequency band to
ﬂgdﬁf%é}oné%%r tz:tthgntire frequency band of the
sanple@tbﬁn|@ha$aqﬁﬁﬂxsuﬂuﬁlnﬂﬂwadahneagésspécthen1

VaLY &t A5h o pi @%@%8, forﬂ%%in nd@s ,F

cutof f frequency t he
p%ﬁt%th?e@&%r tﬂaw@rﬁm%t@ta@@@u nﬂlwe@r aaeﬁxamngets h@mﬂ erhgh

tie fE@yeC@iMid SthedladRAPhngR 8GN ral@eyLat i 9nyRicy. hertz
(Hz). O her characterlstlgg g%d adva%tages of %he 15

i nvent i ditEfpear 1% Smtlee ™t GrPGwPHy SHewerepthenpepcess of
Flwftdmﬂrﬁr a rjlctriemizati offS coglephsasrenanPiesunat: i de

&hee; b0 d ¢ §%¥ draw ngs, in which:
guréﬂ%?ls ab ogk %eagra gﬁ8ﬂnng the process of

+ Figure 2 shows the principle on which a concept
base is built up from terms;

- Figure 3 is a block diagram showing the process of
structuring a concept dictionary in accordance with the
invention;

- Figure 4 shows the structuring of a fingerprint
base implemented in the context of the method of the
invention;

* Figure 5 is a flow chart showing the various steps
of building a fingerprint base;

- Figure 6 1s a flow chart showing the various steps
of identifying documents;

- Figure 7 is a flow chart showing how a first list
of responses is selected;

- Figure 8 is a flow chart showing the various steps
in a stage of indexing documents in accordance with the '

method of the_invention;
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produci ng a dictionary of concepts froma docunent

base 20 in accordance with the invention; Figure 2
shows the principle on which a concept base is built

up fromternms; Figure 3 is a;plock diagram show ng

the process of structuring a concept dictionary in
accordance with the 25 invention; Figure 4 shows the
structur e S ted i.n the
cont ext g?guﬁe net%ng £¥g fﬁha%§;é§1 n%% vﬁFéO§S gteps
aCf| B ERAF NG HeRWThY Whrn mwmgepmagss of bui | di ng

a fingerpightebpgeis é”&&ﬁ#%é%'éﬁdﬁéﬁfﬁ@n@h%hg éggﬂ%gg of
tge various steps of identifying_docunents ure

CEOFPRH AT YIRAR ddHovt S rfq%ltar] pag h@F‘°E§§S@H§és
i's sel ecregurdsd 1Figures 88hcf$.v &Hﬂe@m@ﬁg@uegh@\ﬁn AfahBe
V ep a St e o0 Xl n ocunments I n
a?%é?%%%gﬁ é??#?ﬁ?“ tHhod < %%%@ éntion; 10
Fi gur e 9Figures | bin cttrarlﬁlﬁmiwmg:etsipectameaysaat epampdé of
eéhféﬁigmai e iRy e, >9.1 H G 't(ﬁ;lgg?ig]ggo%@t‘éﬁ 10 s

a di agram sunmmari Zi ng t I ocess osin
|Hﬁ@%e%%h‘?9|%a}?¥@la§rc%ﬂi kdmygenesasient mpéuiheg 1qnd

t 0olB shopldy esr Eiwgélseﬁar@ccés@@@e%ltﬁoﬁﬁéinﬁhflglng of the
%ffe ent types o | enents;  Figures 14a to 14f Show

gﬁlé Y AP S & €ian origi nal image, an
exanpl e Bigute Idmghafd e fipeacesampget aki 8 angount

0 ﬂgq nd 10 f our exanpl es of
|%%é£§?%%%¥esse %#H%ma%aﬁt PﬁSQOf the boundary
zones ofF19R¥¢rﬁﬁﬁi isFiggute visw sionbeasperstusxafptiee

of n&de | IBGE nz@Nt@INI Ng one directional el ement;
Figure 15al |s a_3D'view of the spectrumof the 15

i mage of ¥R &515dS arisqmead1srampls Ecendivraapl e
oforatta iREE oreOmidicitigrane edemegtional el ement ;

- Figure 15bl is an image of the Fourier modulus for
the image of Figure 15b;

- Figure 15c shows a third example of an image

containing two directional elements;

. Figure 15c¢l is an image of the Fourier modulus of
the image of Figure 15¢;

- Figure 16 shows the projection directions for
pairs of integers (o, B) in the context of calculating
the discrete Fourier transform of an image;

o Figure 17 shows an example of the projection
mechanism with the example of a pair of entries (a ., By}
(2, -1);

- Figure 18al shows an example of an image
containing periodic components;

_ - Figure 18a2 shows the image of the modulus of the
discrete Fourier transform of the image of Figure 18al;

- Figure 18bl shows an example of a synthetic image

containing one periodic component;
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- Figure 15b1 is an image of the Fourier nodulus for
the i mage of Figure 15b; 20 Figure 15¢c shows a third
exanpl e of an image containing two directional

el enments; Figure 15cl is an pfrage of the Fourier
nodul us of the inmage of Figure 15c¢c; Figure 16 shows
the projection directions for 25 pairs of integers

(a, R) d @‘ibh@scggfﬁxisog. %l&fgs@%f]g:ﬁéq%}(g%gt%t %ourier
Fourier transform of an inage; I gure 17 shows an
eX&RPrécET PRethe o} B2YF oPf MEthenildhln thomtiaderanpl e

Oﬁ.yﬁmﬁﬂkﬁ.cgl ﬁi@ifi?ﬁ péaks; (2, -1); 30 Fi gyrg, 18al
shows an_exa of an e . contai ning periodic
conponénF%?ugBF?au?% nggg@H%ﬁ%FQFﬁPQWﬁﬂﬁaﬁﬁﬁ Vigg 1ous
nmestebesinf ptheesdinsgrat ety et ransfeon ekibhe
'ggggbgg?ﬁggyﬁﬁa 88%%ra£% {éééu% % %%%%ﬁa_nd?§%g9£8tgén

a synthetic 1 mage cont'ai'ni'ng one~period
cOApbAeRic RUoFeYies 18bXhe ima@®;vi ew of the discrete

Fouri et gtgapstosnyed iéﬁgﬁi i 1o
shomﬁnﬂ,g ésynnetricé?l\légg?r ofldggﬁgigH%?g%%% ?Slpg a

f PERFLharReS AR iy theCRAA RE 158 igt ofs spAdpimagssbagng
abresageé; Wi th a vector being established that

characteyl zes t atial distribution f iconic
properfi%%g%¥et%§ %ﬁéﬁﬁxa TR e G TR af “eRinphe
opanbit heyed bonage @ARidurened and cheacehatdohevfssic

Lt P ¢ _sheacebarac
T o TR on, DO s TUESRi {1 oned | mage of

_ rtitioned i mage of
Fi gur e* 201 aake t 3 shatg isorswmdy sigoeflomadisagc bér Ezamgs

t Bé Snd B smpdd S22 SNYas a sound signal made up of
franes 15 bein decggposed into clips; Figure 23a
shows t HE*9EFS a%q%fbr?fi % Hdl%ev@igitdrna ins fBecRNErgHaPL 2
Feoeeeh 23tgrsdloms the variation in the energy of a

- Figure 23b shows the variation in the energy of a
music signal;

- Figure 24a shows the zero crossing rate for a
speech signal;

- Figure 24b shows the zero crossing rate for a
music signal;

- Figure 25a shows the center of gravity of the
frequency spectrum of the short Fourier transform of a
speech signal;

- Figure 25b shows the center of gravity of the
frequency spectrum of the short Fourier transform of a
music signal;

- Figure 26a shows the bandwidth of a speech signal;

- Figure 26b shows the bandwidth of a music signal;

Figure 27a shows, for three frequency sub-bands 1,
2, and 3 the energy ratio for each frequency sub-band
over the total energy over the entire frequency band, for
a speech signal;
+ Figure 27b shows, for three frequency sub-bands 1,

2, and 3, the energy ratio for each frequency sub-band
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nmusi c signal; 20 Figure 24a shows the zero crossing
rate for a speech signal; Figure 24b shows the zero
crossing rate for a nusic signal; Figure 25a shows
the center of gravity of the 125 frequency spectrum of
the short Fourier transformof a speech signal;

Fi gure 25b shows the center of gravity of the

f e r t P f.or a
moare Sne EPPALT ey AR TS e AL, Byl oo
sBe@Eﬁl§|§h§Fa1 Fi gure 26b shoms t he bandwi dth of a

musi ¢ si gnghire Esﬂuéﬁbﬂgﬂﬂﬁhqw%cﬁﬁalFWM§?0EVQQB$E€¥h
sub- baﬂds 1, 2, and 3 the energy ratio for each

f P&gH8néy sub-band over the total energy over the
entire-f Féqueacysbasithwd athe IpertapRedlud gliak; music
Fgggé§127b shows, for three frequency sub-bands 1, 2,

, the energy ratio for each frequency sub-band 12
over theFighhe 2neig))e araph shavita éhier dgdéndygibandf the

f@ﬁto@f”}'ﬁé&uéﬂl@}ﬂ%ﬁ a %ﬂ_lﬂea%%a shows the spectral
| ux of a,speech signa gure 28b shows the

spectral FLgYRe 03 0 S hRYS én%fggfnmodulﬁtg}@neazgupé 4 Hz for
ganpdushowsigndhe definition of the cutoff frequency

f Q sh d ti

o ound HER AP A o KT SE gnde S CRC BRErBhesLen
Pregies ﬁ;th)Ehetgﬁnaﬁaﬁcmnﬂhndplebeglnaemméhhb@eof

OE0GL 2L n PO M ] dRAIRERC 06 o L 0AEKED D oy Lo
mul t1 ne é

1 ( CUﬁEﬂ S 1 n accordarce nventl on
t Hareneher that Yeastgertor ent ibgsepiénhgbbael beisg upuilt

e@sh ém@x%éi@dl%n@@tngea goats@b@sia%ahwéth a

fipgerprint that is specific thereto. Starting froma
AT RRA Gt erit® BRSE 1110 tEFSES-

Starting from a multimedia document base 1, a first
step 2 consists in identifying and extracting terms t; for
each document, where the terms are constituted by vectors
characterizing properties of the document to be indexed.

By way of example, a description is given below with
reference to Figures 22 to 30 of the manner in which it
is possible to identify and extract terms t; for a sound
document.

An audio document 140 is initially decomposed into
frames 160 that are subsequently grouped together into
¢lips 150, each of which is characterized by a term
constituted by a vector of parameters (Figure 22). An
audio document 140 is thus characterized by a set of
terms t; that are stored in a term base 3 (Figure 1).

Audio documents from which a characteristic vector
is extracted can be sampled, for example, at 22,050 Hz in
order to avoid any aliasing effect. The document is then
subdivided into a set of frames, with the number of
samples per frame being determined as a function of the

type of file for analysis.
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step 2 consists in identifying and extracting ternms tj
for each docunent, where the terns are constituted by
vectors 20 characterizing properties of the docunent
to be indexed. By way of exagple, a descriptionis
given below wth reference to Figures 22 to 30 of the
manner in which it is possible to identify and

extrac e 0 audi;o
docuneﬁ?klags?éa%%lé?gTﬁg%gg%bnpos %%#%%C% 5 qu160

t FaptalBisg hsee e iahiduped hgdchdn fales, clvapsety

1800wsaChr Obvahi Shbd it alRaiey | 286 %MmﬁeEGB@‘samples in
con?tltuted b¥ %%%ector of paraneters gure 22). _An

attdF52u5cahantd ?@9%#m§3éhaF%EF@rPiédSB?Pée§et oF
38oherast} | fohadn aneiist al@dmianta thetmibakemdgehibguse e.g.

1 ments from whi-ch _a characteri st
vaerer it o PRl M8, TS e SRLE aRber gpovac
2beobaree, i @- gcnahﬂuﬁ(ﬁ HDAH daanpleal.i asi ng effect. The

documep, igaidbedbedidhdi dld.ll%g da{H @)ea c%%.tragt:egﬁégﬁsby

with the nunber of 35 sa franme
(BT EA AP P BT T ST TSE tt%@‘akﬁ—yb‘é 5hef Epamp opnd

aﬁgbyédlﬁerﬂﬁlr@rtlaré Qiidlﬁedﬁiélm@ntlnlfb@lﬂatﬂoﬁ][ equenci es
an tainin ny vari at| in fil
vari et ?Q 09%&'95][){)?1% %':]n \?gﬁ’FSOEt hBe nEﬁB@WEB‘?rS

sah@tearermentﬁdnﬁdahdmmﬂ11nb@r@&&lto €ogm abotbr512f
SBUPLASc oo SRk fQle 30y 8e99°g9§$50%$§éeé§m

geneous, . g. contal ning only speec
neisies %utshenmlegh@mddo @@clumrage e.g. about 2 048

sanpl eshe Athawifll Q3B ild %@%ﬂebsuaharéggﬁmzed
b%%nvarlous paraneters serV|ng to nmake up the“terns

SQP-EiRT sctfemiss E@IPFWEeérrﬁP6a§§ﬁEyngn¥bmﬂat|on
[ infSrmpasisibl e to use all or some of the paraneters
t hat afe nenti one OMI or der ﬁo formvectors éeal

par anet &F s Kot it ut wl o srapa dSAFEEYi Aggreat
sim cgosiale witlrieps dft tLlse reahpiredtabileoidogustat . MWis

Tgﬁhéﬂggﬁ»@é) &I&isc&qmgia%f ngwgggl égﬂa%nd music, and
|ng i fre

constitutes a I TSt araneter rep rese
|¢#Qﬂrﬁﬁ|4ﬂtect 51lences Energy can be coupled with

another time parameter such as the rate of oscillation
(RO) about a value, which may correspond for example to
the zero crossing rate (ZCR). A low RO and high energy
are synonymous with voiced sound, whereas a high RO
represents a non-voiced zone.

Figure 25a shows a signal 141 showing variation of
energy for a speech signal.

Figure 23b shows a signal 142 that illustrates
variation in energy for a musgic signal.

Let N be the number of samples in a frame, then
volume or energy E(n) is defined by:

Em)=L3s205) (2)
N

where S, (i) represents the value of sample i in the frame

of index n of an audio signal. -
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The energy of the audio signal varies a great deal in
speech whereas it is rather stable in nusic. This 20
thus serves to discrimnate between speech and nusic,
and also to detect silences.fnergy can be coupl ed
with another tinme paraneter such as the rate of
oscillati on (RO about a val ue, V\,hl ch may correspond
for exe e#gra zero cr033| n

hnd o SR DEFE Sl i el Bk 1856 A on
whkenehs @e@mw ROrom epraasmnt suahnes- vdocedxanpee ;

Fi gur e. 2pge ShoNsa&-§' G0 naalél%h %P‘@x’%gbvﬁﬁi WCS;ELQB % the

energy for a speech si ure a sig
1521PRafal P ysekererd %%N owhlﬁheﬁerlgyltetea a

nﬁsaﬁesdgfiﬂedléﬁ @%éﬂwéﬂﬁéﬂaéﬁ@ErfQEmégﬁ?hﬁﬁgbglﬁ a clip
or e r | S eril ne
Etlﬁ’f‘“altz @fﬁﬂo “(Jz‘je be fhe %@ﬁl& % FFFmFeESPeB'@ﬁth t Hae

vallipe; of sanple i in the frame 35 of index n of an

audi o si gnal oy qgwrelrabtqaordlag(% s%ﬁr sgn ﬁtlve of
e

time information can rom ener *8uch as,
f epnekbipied by Hes dfdarendey ibattlwennof:hermﬁemnrer@mesthe

| 1% um Ci i+ e (\%lﬁﬁnése‘ccﬁfr reditg a_vayg?g@) pWERE maximum

constitutes a 5 state deflned as the variance of frane
vBPUHRS 9 %ch tFamgsingi%ed relative to the maxi num
fr ame vo&maﬁ dribergyeldatiio t(m@Ri’)OWHQcMaﬁbath@npéﬂéé@tage
%/R%rame S. .cons tute dlf% Lﬁe e between
fe i THRIR e e ﬁirn F‘r FeevaP ¢t
d?ﬁ/%d:eﬁj ttiya tnlrwmaf;qlmum ofokunipd .sai d frames and

he | ' h
1 SRR MR LI EapEceeal 0o B co
d@m%a&ww%lwwﬁlguéwpym115aee hef pa¢bhiateien

enshle d he-dddraspeet vafiud %hheht owhbE Shagacterized,
in %ﬁ%tl cul ar. the rate of oscillation about a

184 valve WW|6ﬁr0mhgﬁf§gea the zero crossing
rate {(ZCR) .

The ZCR may also be defined as the number of times

the wave crosses zero.
1 N-1 f
Z(n) = E(ZlSign(S,, @) (Sign(S, G - 1))|)-]f; (3)
=0

S,(1): value of sample i in frame n.
N: number of samples in a frame.
f -

ot sampling freguency.

This characteristic is frequently used for
distinguishing between speech and music. Sudden
variations in ZCR are representative of alternations
between voiced and non-voiced sound, and thus of the
presence of speech. For speech, ZCR is low in voiced
zones and very high for non-voiced zones, whereas for
music, variations in ZCR are very small.

Figure 24a shows a curve 143 representing an example

of ZCR for a speech sgignal.
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predeterm ned value is zero, defines the zero crossing
rate (ZCR). 20 The ZCR may al so be defined as the

nunber of times the wave crosses zero. | N1 (Z |
Sign(S. (i)ll - (Sign(S" (i -%3)I) Ns ( 3) Z(n) =2
Sn(i) : value of sanple i i rame n_. N nunber of

sanples in a frame. 25 fs: sanpling frequency. This

char ac [ uen for dlstln ui_shi.n
ot SCAALLSL! B0 EH el (ol S0
apé Z@Bré@énﬂa@ﬂﬁbco$l@mab¥nat|ons bet ween v0|ced and

non- VOAﬁ%@h@Q“EQraﬁ@Qefr%ﬁhfﬁcﬂé?ﬁéﬁhd”ﬁﬁgﬂyyﬁ get of

speech For Sp eech low in voiced Zones a
ver 91ﬁPgWaYoPen%ﬂn%+%bec%d%sa Ky aader @f opgdiléation
vabbati anpredeZéRnaned Wel Maes Ml ilch Fiugidie s24@ shows a

43 t or a s
CBh ket Tal BRASPEILL I8 A SIS R B PEES g
anaegarﬁﬁZ@R of ZCR for a nusic signal. Anot her

ar ame C Le t p
p hggﬁs{ﬂl ut ed‘ﬁ%ﬂ&%}] Jlﬁ ]trl% Ei:r‘}%osm Ioato ?o%he number
aB%ufrﬁmﬁﬁe@‘é?e‘FM%dihﬁalzl@ Weiscly, vaHere saide-g. 1.5

pgedetermngd wdd Ueeds Y &r defd Ras A Riegh zero
crossing rate HZCR) HZCR may be defined as being

the ra r which the Z
has a vHa ue &Nhfsﬁ%{&?ﬁé ii)ol g%[rvggtq@*‘l:rhan the nmean Z )
of the clip (1s): N-1 HZCR = -j [sgn(ZCR(n)
-dqubaviZei) - + 1] (4) 2N ~=u such that: 1 N1 avZCR =

-Y, ZCR(n) N n30
avZCR = ﬁz ZCR(n) (5)
n=0

with:

n: frame index;

N: number of frames in a clip.

‘For speech segments, clips are of 0 to 200 seconds
(8) with an HZCR of around 0.15.

In contrast, for music segments, clips are of 200 s
to 350 s and the HZCR lies around 0.05 and is generally
almost zero.

For environmental sound, the segments corresponding
to the clips are 351 s to 450 s,

HZCR is low for white noise and large for a
deafening sound (e.g. a drum).

It is also possible to define a parameter ZCRD which
is constituted by the difference between the ZCR number
above and below the mean ZCR for the frames of a clip,
and the parameter ZCRV which is constituted by the
variance of the ZCR.

Another parameter characterizing the time aspect of
a clip is the silent frame ratio (8FR) which is the

percentage of non-silent frames in a clip.
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(5) with: 15 n: frame index; N nunber of franmes in a
clip. For speech segnents, clips are of 0 to 200
seconds (s) with an HZCR of around 0.15. In contrast,
for nusic segnents, clips are;pf 200 s 20 to 350 s
and the HZCR lies around 0.05 and is generally al nost
zero. For environnental sound, the segnents

cor r espoRrdi .10 [ e t.a 450 s. -HZCR
Co | oty o el 12 saRE o 188 BRE SR U 295 Trafife
sGyfigede. g. cartrim)thneshaldl € )pessi Bifethe welimecd its
pacameLehe Z6RD Wi eduhd1g oisti tuted by the difference
bet ween t he ZCR nunper _above and bel ow t he nean_ZCR

for théDRPankleo¥atale|Gh norii Yt faeamet dp ZCRVIP
wekeeghebstoofstedtit e died he 30 variance of the ZCR

Anot he aranet er characterizing the ti aspect of . a
clip | SHRE STHEHTT I o TRT CERT WircRepobEnased ds
peh@eaéa?eiztimma@erq [SITES aisnI a clip. 16QA frame

i s sali ce a
certai n).t lrleg%lgf%lﬁ ?610 arﬁﬁégn}#fﬁ\eﬁo\%gﬁgﬁgegﬁ’i &8 ZCR i s
bel ow a1t hEeg HamgbzCRE RS exneaditido aotenbAisi | ent

feapeShéTda clip 5 serves to detect silence. O her

statistjcal properties of ZCR can be used as .
charac%%?i%ﬁ%%@%ﬁﬁ%ﬁnﬂ%ﬁ%?-§ﬁ@ﬁ’§§FOP?ttﬁ8rtﬂ?F6n6Fathe
moaens of nielye aleanpoapdisei fré§aeeneybbif &fmaAGR: taking

e ' certai 10 threshaold, T raneters

CAEES LR AR Host e ARG TORE (FEF hot R tef sEeT
celhprawdid redgredcy information taking account of a
fast Fomidera IANKIAIR Ghichh 6ol evkabpdololy LD AYgso
signal . 15 Thus,. adparaneter Known as the Spectra
Cg%@}dp%y be defined as being the center of gravity of the
frequency spectrum of the short Fourier transform (SFT)

of the audio signal:

Y'is, )
SC(n) = £ (6)

N-1

>'8,0)
=0

such that S, (i): spectral power of frame No. i_ of c¢lip

No. n.

The parameter SC is high for music, since the high
frequencies are spread over a wider zone than for speech
(in general 6 octaves for music and only 3 for speech).
This is associated with the sensation of brightness for
the sound heard. This is an important perceptible
attribute for characterizing tone color or "timbre".

Figure 25a shows a curve 145 representing an example
of SC for a speech signal.

Figure 25b shows a curve 146 representing an example
of 8C for a music signal.
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(SC) may be defined as being the center of gravity of
the frequency spectrum of the short Fourier transform
(SFT) of the audio signal: N1 Xis(i) SC(n)= N (6)

I 'S. (1) M 20 such that Sn(i)jsspectral power of frane
No. i_ of clip No. n. The parameter SC is high for
musi c, since the high frequencies are spread over a

i d | ) | t .
st c AA9Entr et lictdf 268 oo R 0, (B BABRYGAEN B
wih chheas dpe ata bru bt et | ipthdde fverianke doutbiehear d.

Thirsckaing papahdeet fepceptible attribute for
characterizing tora color or Stinbre". Figure 25a

shows a curve 145%@?8@?2)@,‘@1 exanple of SC for a
speech si gl (n)30iPi gur shows a curve 146 o,
representing an exanplgé 06 SC for a nusic signa?. 17
Anot her paraneter is ca Sefl} ut ed by the bandw dth BW
whi ch can be cal cul ated®fromthe variance in the
precedFhg prirdwidier BIC(¥9 . ilupqriaSE( Wprhs in( musiBWan@nin
=gh&@ct 1 (7) YSn(1) =0 5 The bandwi dth BWis
inmportapnt both in nmusic and in_ speech. Figure 26a
shows BTS20 BRES éhtGHy ad 4ex BFsFenténgt pE example

bandyhethamdwialtspesth s@eah skiggdne 26b shows a curve
148 pr sentiqgsan §§%gple 10 qf the bangmﬁdth of a

musi o CFONT SOnGHNER® (s TR Spar&nt 6P S16 LBGneP| PrERLe
boft blee rlgndwidth of a music signal.

_ Another useful parameter is constituted by the ratio
SBER between the energy in a sub-band of frequency i and
the total energy in the entire frequency band of the
sampled audio signal.

With consideration to the perceptual properties of
the human ear, the frequency band is decomposed into four
sub-bands that correspond to the filters of the cochlea.
When the sampling frequency is 22,025 Hz, the frequency
bands are: 0-630 Hz, 630 Hz-1,720 Hz, 1,720 Hz-4,400 Hz,
and 4,400 Hz-11,025 Hz. For each of these bands, its
SBER1 energy is calculated corresponding to the ratio of
the energy in the band over the energy over the entire
frequency band.

Figure 27a shows three curves 151, 152, and 153
representing for three frequency sub-bands 1, 2, and 3,
the energy ratio in each frequency sub-band over the
total energy of the entire frequency band, for an example
of a speech signal.

Figure 27b shows three curves 154, 155, and 156
showing for three frequency sub-bands 1, 2, and 3, the
energy ratio in each fregquency sub-band over the total
energy in the entire frequency band, for an example of a

‘music signal.
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SEER between the energy in a sub-band of frequency i
and the total energy in the entire frequency band of
the sanpled audio signal. 15 Wth consideration to
the perceptual properties of ;ghe human ear, the
frequency band is deconposed into four sub-bands that
correspond to the filters of the cochlea. Wen the

orer oPRshhEg BAgknb et 21 5 e st i LSAIRC LoehRRg
ahdux, 850whgch1igodetimedars dduh isfant hissaeh afdspeptsal

SBER: s€NBhINet HeEA! %%&fh@é}wm@ Ng Lochhg.ratio
of the energy |n t he band over the energy over the

entire ueh d three cu
151, 152§F§ﬂ ;%ﬂggg ? {?E& ﬁ 1?ggﬂshree freqb%ncy
sub-bands 1, 2, and 3, the energy ratio in each

f wagwency sub-band over the total energy of the
entire frequenc band, for anéﬁxanple of a speech

si gnal O° Ff gtPeSPY ol 98 186ives 154, 155, and
156 SSnkawmsgdenanIpnmerfbéqﬁeamy Nob- bards cdlip? No. n.

and 3, ThOCspEPEEGY £ALL Of LAACH, IiLUeNGY SuD5Da00.,

over t energy in t n ife requen
f bRamntexanpf enedic, amtutélesusgmntram Flug Aﬁot her

PEARIBSSfiehSa L O8Skhd UlLd R che 3Raqt rale (;ld%e§F
whi ch $%ﬂgef i ned as the nmean_val ue of spectral

varnat ViR RS e‘fG]té]célli‘le Pr&fEs tiR §leRpps- N

SF(n) Plguiélmﬂ@(§§&W%tﬁ?ﬂﬂﬁ@1?E@IF%%t%h%ﬁtﬁﬁb thlei _
a_constant_of .smal!l val ue; . of .c

2€§ ftr%ggﬁ%ral %odkr}%?mﬁfaﬁé ﬁoSpee?Hes§E8§£ral f1 ux

of speRbdurs 2@nestaivy greatver lSBarephateatingsthe and

tgﬁéé%%%&rfﬂuilé?(ég example of a music signal.

Another useful parameter is constituted by the
cutoff frequency of a clip (CCF}.

Figure 29 shows a curve 149 illustrating the
amplitude spectrum as a function of frequency fe, and the
cutoff frequency fc is the frequency beneath which 95% of
the spectral energy (spectral power) is concentrated.

In order to determine the cutoff frequency of a

clip, the clip Fourier transform DS(n) is calculated.

N-1
DS(n) =7 S2() (9)
i=0
The cutoff frequency fc is determined by:
fC
> S2(i)20.95x DS (10)
i=0
and
-1
>°82(1) < 0.95x DS (11)

i=0

The CCF is higher for a non-voiced sound (richer in
high frequencies) than for a voiced sound (presence of
speech in which power is concentrated in the low

frequencies) .
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10environnental sound is greater still. It varies
consi derably conpared with the other two signals.

Fi gure 28a shows a curve 157 representing the spectra
flux of an exanple of a speechgsignal. Figure 28b
shows a curve 158 representing the 15spectral flux of
an exanple of a nusic signal. Another useful paraneter

is consti:tu cutof f freguen of a cli .

(CCF) . |lt§u¥rn§g§g¥%rh%§v\% rgatl]%%sf ver %@S Slﬁ%lll?sttroatc’?ﬂ%gfﬁsrlze

ampenggdebspecer urebeed dnthotdovafcet egudndy fip, spadch
ené@Ccuhokf v igauencind lcfdxs élht?s{ e Xn%ﬁ&\é??gi csanly.

th
whi ch 95% of the spectral energ spectra
concenPrREEIPRTRC bR R ICAD kiR rhf fekere 1agroppcount for

fﬂeqmanﬁ? 6ﬁzat@if?,pﬁbﬁ @FigFngrg?éuﬁégﬂ§g§ﬁ$?[Egrﬁnergy
'S al cul at ed, n)= ) = e

cll oP#a#%gﬂu%ﬁ%§nq($fﬁgcﬁﬁﬁéaﬁQ4ﬁ#ﬁi}Pteﬁea parameter

L St ng 0s OFXDS AR s I afirebrf cErboBrficy<AnaAxNSs( 4A) fie@

The L $-0bi gher for a non-voiced sound (richer in
30 ﬁ%gﬁh?r%qu%hcies) than for a voiced sound (presence

of spEkehd| Bz vl awtuliat icon cei atied cRActbat EGwErom

f EREUPBLHRS) corloulh v ITRATHEE I ABKES Fblm@@gsi bl e to
characteri ze changes between voi ced and non-voi ced

. N/T . T . . . .
peri ods\i eh .skhce/this value is low for clips
contai;;Kg;ﬁﬁ@SCagﬁrgﬁhgé er paraneters can al so be
t 4kdh=Into—acgpunt—for—=5-def i ning the terni2)i of an

audi o docunenggsggph as energy nodulation around 4 Hz
whi ch constiti®es a paraneter com ng sinultaneously

fromfrequency analysis and from
where:

S,(i}: spectral power of frame No. i of clip No. n;

W(j): triangular window centered on 4 Hz;

T: width of a clip.

Speech has a 4EM that is greater than music since,
for speech, syllable changes take place at around 4 Hz.

A gyllable is a combination of a zone of low energy
(consonant) and a zone of high energy (vowel).

Figure 30 shows a curve 161 representing an example
of an audio signal and a curve 162 showing for said’
signal the energy modulation around 4 Hz.

Multimedia documents including audio components are
described above.

When indexing multimedia documents having video
signals, it is possible to select terms t; that are
constituted by key-images representing groups of
consecutive homogeneous images.

The terms t; can in turn represent for example:
dominant colors, textural properties, or the structures
of dominant zones in the key-images of the video

document.
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time analysis. The 4 Hz energy nodul ation (4EM is
calculated from 10 the volune contour using the
following formula: NT T Z (E Wj)S2 4EM = ' =0 p=o0
(J+i x T)) =) N ESn (1) i=0 £42) where: S, (i):
spectral power of frame No. i of clip No. n; Wj):
triangular wi ndow centered on 4 Hz; 15 T: width of a

C|Ip e 4 that |s reat er..t han_nusic
%H ggHeP%gcanéﬁq} anggcrl eg 1PaggegFer
ad@gﬁa14be&ow At@@luqnmﬁeqanzxapnﬁaam&tdomloana zohersf

I ewxea@agy r F§@ﬂ§»p&ant&r aul %&Qf&%u%shb%hdsa%gxt zones

re 30 shows a curve 161 represent I ng
ahneﬁlanbfﬂ%ge of %mvealtﬁdlf Jefhada camdbg dupkeneppedndi ng

fantsangjtlcsm gﬂﬁbdﬂﬁﬂ@ﬂ&f@&y meduthati eRedr gHNEndiFg. image
i edi a ocunent ncludlng audi o coggonants ar e
AeFnEgi

desc?V%Edp%5 Vilsh @S A SHGEUMRR: Ehe
hagrng wide¢0r@|ghakaptetlzingoshebiMag@ select terns

L ounokaP® SIS WS HEY (IRICTLEORLERENE, oy be

groups o consecutl v onogemneous |rm es.
tFO%%hl¢¢FQ@HthWﬂﬁdﬁxﬂﬁ Hhﬁ-aﬂpéﬁpler sgldbﬁnnéﬁﬂguage,

COY OfiSmbé B} WalkyP IRt 11fntalr ibhe ébﬁgewﬁfééd 8y
domi nant, zones in _the key-images of the vide

doRTREIAL IO (3 GERERAtens ((§- igna@‘@g‘bé§a8é%?| pEdlehters
gaedt@igitet.ai | bel ow, the ternms can represent

Struct ol e Dael “inakS hager SRy a
new hioteedisn dyesungpite mempad siitng5valieer aaghahsorin which
CH@H%éhgygkﬁ,séhébﬁédoﬂﬁétaQr&”ééﬂéiiéﬁﬁéa by key-images
representing groups of consecutive homogeneous images,
and concepts c¢; are determined by grouping together terms
t,.
Detecting key-images relies on the way images in a
video document are grouped together in groups each of
which contains only homogeneous images. From each of
these groups one or more images (referred to as key-
images) are extracted that are representative of the
video document.

The grouping together of video document images
relies on producing a score vector SV representing the
content of the video, characterizing variation in |
consecutive images of the video (the elements SV,
represent the difference between the content of the image
of index i and the image of index i-1), with SV being
equal to zero when the contents im; and im; ;, are
identical, and it is large when the difference between
the two contents is large.

In order to calculate the signal SV, the red, greemn,

and blue (RGB) bands of each image im; of index i in the

- video are added together to constitute a single image

referred to as TRi. Thereafter the image TRi is
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or over portions of the image, in order to determ ne

the terns tj before characterizing the inage. For a

document containing text, the terns tj may be

constituted by words of the sppken or witten

| anguage, 10 by nunbers, or by other identifiers
constituted by conbi nati ons of characters (e.q.

c S , i..darat.l.on.i
?ggﬁﬁgbg?ﬁ 18to! &t éf—ﬁéalﬂr&d Pl RN BLARLALLODS! B0
céﬁ*‘p'PFL?;l A8y Bed %@‘gn@r%quewmwonf@tt &Ry - t Tqr go

SQhQ@E egwbhat raoe £0NSd 4 U@ae(j.ﬁyﬂé%\é' IfTBER]Y Lp and a high
resg L g %rou s of c ecC tive honD%?neQUS i m €s,
Sk

aF? Sto B° d&A rﬁ By SgPdRdiRg t8gEPREFSSion

t epnshei rolet #odi g MmyckmangIUﬂluﬁE dmalgke Wayo types
| BRO8S: {0y 8, 20- L IR0 AOPLIP R, AT €.0L0UReG 4 0gS! hea Lhe

groups~each cont ains onI onogeneous
Fféht@achaﬁingth@%ef@lmyp@lgmég@rrlrmm i mages
(referred to as key- inages) are extracted that are
representative of the video docunent. 25 The groupi ng
t B§¥t AP RENG i deo document images relies on produci ng
a SCOrBry¥@CroE ﬁhérp@weﬁﬁggdlm@ @&%du@@%ﬂent of t he

vi deo, _characterizin arlg%v%? in consecu I ve images

of t heFOF dBd°R tiet %ﬁ nt s° 't
di ffer@@beulmta\elﬂue t]gift@.rﬂx) %&ntofofthbhé.omg‘eqa@noy low

[ i and ), With SV bein
egﬂ%( to}?’zér%’hg e cont eﬁpse, 0#11 FfteP -1 i Sazfl Af e #nd

i geptiical, and it is |arge when the difference between
the two contents is large. In order to calculate the

S|%ﬂal é the red, green, 35 and blue (RGB) bands of

T mp of index i in the video are added
t oget hexrort Ocw® NMisdw tinRyeds,Sithe! emagageTREE 6 pedateeas

Thereafter_ th |nage i s 21 degonmposed into a
pI ur al T95 S Ry %ggbe e?é“"’i%c]%e “h only the

Iow'fﬂémﬂaﬂthOMpﬂqgnnuLﬁa o6 dbe flbivsfregaentyrbow
I d h fil
Hpr§ 5163 ejdoev%nwiscar{éekntea&ﬁ kﬁéaa of Bigh pass filger

I'n sucté¥ston?

1 2xj+L °

The row and column scang are applied as often as
desired. The number of iterations depends on the

resolution of the videc images. For imagesg having a size

' of 512 x 512, n can be set at three.

The result image LTRi 1s projected in a plurality of
directions to obtain a set of vectors Vk, where k is the
projection angle (element j of V0, the vector obtained
following horizontal projection of the image, is equal to
the sum of all of the points of row j in the image). The
direction vectors of the image LTRi are compared with the
direction vectors of the image LTRi-1 to obtain a score i_
which measures the similarity between the two images.

This score is obtained by averaging all of the vector
distances having the same direction: for each k , the

distance is calculated between the vector Vk of image i_
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5to the rows and to the colums of the imge. Two
types of filter are considered: a Haar wavelet filter
and the filter having the follow ng algorithm Row
scanning 10 From TRk the | ow 4gmge is produced For
each point a2xij of the image TR, do Calculate the
point bij of the low frequency |low inage, bi | takes

t hegmean vfél:esroéka@%'maqlé 1821xl a{rhd ac@l%n Q%ET&EJ thdgdd

Col um scan From two
pFédteraesFare cabcplrtrd bi , 2x1 ' of the |mage TR do

Cal cul ahe bae Bei at1 bbhd éﬁoﬁé}? éd%i/ﬁtflrt%ﬁlé%n%)ﬁé %Wo%@
gg b%{] kes t he mﬁan val ue of bi %L 2Xj ,
aﬁa BF J+‘?L TR oty Ah S E o ERRUES R “&Hﬁliléé’ as
obEEWean tHesim@gle el b atheofinaoey arrang . depRadsedbor
t V|deo |na e or | es, havi
15, 15°5800EhEY 8, ol (LI RYEYe R eplids iRy e
r ésuthei nagee Lgtﬂlefrastqﬁ dnecttaedpuiaaupﬂgu thki tydeb.
di rect rBset 8o PPLR na Q:lecs% ngftl\éﬁlcto%r Snglé'xa §LeoK IS

the projection angl vect or

oBFSHREAT BRI frf@;@%ﬂ rz @mda|ex|§rr@1c=éépso Heaf impges.

i mage, The ea@aértsn% tahien gkﬁﬁcpflnaUrd@E theqpebphsndf the
The i on vector% of the

r n_the_.i

R 10 R OTReEan 119 e aPPEPROREy Be oFaLies of
t8€. | nbiyelhdd -df tindeix al nlsa mméremiam_bma@uae&ey-

t mqﬁﬂ L

%ﬁ ?é g%lk gtglﬂ%&a%‘gﬁ ng f\%)ﬁlgg\?}g@ or g ?gnces
h%WIh@t@%éO%lamﬁrdumml@anr mgagh (Reftt menlrmust aam@

|§1£@|Fﬁ&@ﬁ@qnQﬁ&%ﬁﬂnahﬁelfe%%%rthlﬂﬁm'ﬁ@gﬁhérgz and

t he vector VK g -1, and{ e‘P of these
di st ances af'¢ ca‘“&ﬂl( FRHCT Tl RG S%{1) TH&Rddor es
consgidat@s fhun SCeifenyeoireshdYy.el ement i of SV

oo S0 4D B SR EAPS HITLile

with sv(0) and then the vector SV is scrolled through
from left to right. At each step, the index j_
corresponding to the maximum value situated between two
minimums (minL and minR) is determined, and then as a
function of the result of the equation defining M1 it is
decided whether or not to consider j as being an index
for a key-image. It is possible to take a group of
several adjacent key-images, e.g. key-images having
indices j-1, j, and j+1.

Three situations arise if the minimum of the two
slopes, defined by the two minimums (minl and minR) and
the maximum value, is not greater than the threshold:

i) if |8V(j) = minL| is less than the threshold and
minL does not correspond to SV(0), then the maximum SV (j)
is ignored and minR becomes minL;

ii) if |sv(j) - minL| is greater than the threshold
and if |SV(j) - minR| is less than the threshold, then
minR and the maximum SV(j)} are retained and wminL is 7

ignored unless the closest maximum to the right of minR
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SV is snoothed in order to elimnate irregularities
due to the noise generated by mani pul ati ng the video.
There foll ows a description of an exanple of grouping
I mges together and extractingskey-images. 10 The
vector SV is analyzed in order to determ ne the

key-i mages t hat correspond to the maxi ma of the val ues

d
rap. ¥ealle| (R 2Iniiia, © R0 SRLE0CAT R ot
svep;i ig a%ﬁ;@ et il \aseh Jwas ndtedhamed s bgingf tan index
”bﬁlﬂuﬁéyaﬂ@héé rnWH%ﬂrMiHﬂ ﬂE R danﬁlhﬁ tBRes the

= mn

|§€/?}1? ﬁyl Wit L 'ij}%éft]é}lf% SV %@1) éntphkeghsp-ahtlﬁf

omdler ; t endet ect key-i mages, an isinitialized wth

SV(0) t e vector SV |s scr, II ed. t hr pu 2
froml e?? tg@:};&ﬂ% 1ePeesac eﬁs t ﬁ&% EF‘ g 096‘
c@iﬁbsp@n@ﬁW@pﬂQﬁtdﬂﬁlmmnﬂnﬂndvaluersligunnnﬁ.betmeen

two i P ouNge (dbiinand wiARk s deber pipedsand then
&n Ektlon de

as a function of the res of” the eq i ni ng
MEe¥ated. il FeFhwidaration, nmln%bégﬁ@?ﬁeml]ﬂ'as

bel ng Whth m@@ﬁ@r?&cf@ragaulfﬁ»td Tagerel il ;i 5tRPESHE! BxbA a

B RS D st ) S SR TS idesea 4

satsE&p(Huanﬁ|gﬂeuﬂédImegthemuﬁnnb bbﬁcépﬁs 8] ofEEsyure 2)

e etk e, LIRS TRk, 00 M R ARG, 30 cnss

e maxli nu rea than
i Lyomt 1sv/(59 9f31m11¢|_t|e as SIt@$>s Otfhamgnheurhﬁ eshatacenizing

ur r h
%ﬁﬁ??ﬁﬁ%ﬁiﬁmﬁg e MR (18

| §& grfé?é’té‘ln HRaF S hESPKPESRBI aol%' aﬁlaaw: and
Iﬁ%&ﬁdre mMa odufnelngs $ahh@hebhBet Bheshet Eritd@Nandi NR

h t d d mnL i
R L8 ERE. SPBSEOE=nf! hif UCEHRNFFEn of
m nR 2% fiismgpmgatiert tifam dotlimeshokdn thderbsutbrmed by
}&%ar Nevay ve@%ggslggaggghrggﬁkgég gPdtﬁevéﬁctlon%{y

as bein
|'-"s i RS &dgngitiRet FRESOrhés vanaélbut)g@sbyt@m htocuments

MHd AR dakeget @ the $F8MnOfand by the positions and
the weight of said concept in the document.

The terms t; extracted from a document base 1 are
stored in a term base 3 and processed in a module 4 for
extracting concepts c; which are themselves grouped
together in a concept dictionary 5. Figure 2 shows the
process of constructing a concept base ¢; (1 £ i < m) from
terms t; (1 £ j £ n) presenting similarly scores wij.

The module for producing the concept dictionary
receives as input the set P of terms from the base 3 and
the maximum desired number N concepts is set by the user.
Each concept ¢; is intended to group together terms that

are neighbors from the point of view of their

characterigtics.

In order to produce the concept dictionary, the
first step is to calculate the distance matrix T between
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5 mnR and iii) if both slopes are |ess than the
threshold, mnL is retained and mnR and |j are
ignored. After selecting a key-inmage, the process is
iterated. At each iteration, sinR becomes mnL. 10
Wth reference again to Figure 1; starting froma
term base 3 having P terns, the terns tj are processed

. h .
(EnsCrBEEY O MM AT, W STeg RuBelR BRERS Shedre
i degabe 2hpartpoion 9% qarcym@ér apgbersegpadf to the

ShgBal-uE esumhe agteF | Lk a class of docunents. The
signatures are descriptor whi ch, e.g. for an image,

represERe EORERDL ShEfelonaiy ol P AndSWenehagean

then be @@@m@&@mge@ A N@Hx@:&%&tsw by pt he cencept o ;
of the dictjonar A f| er,pr.i nt G?‘@ a docufrent can

then be PRYHEY itk haty 8ECOMEOsFSe chnto M
cohzepes of +he di cctg cmay YCy ﬁfltﬁhﬁ ieghathar geceégual sto p.

oonse S BeA ST nleupyl REGRARECRL €L Liauce
cbheeptromn Hhelgo csiﬁﬁmmposmeom pifs Pt jlnégt Nappeamm@n{ By

~dpgunentp Paﬁﬁeﬂe aé&ch Zéoﬁéﬁrﬁcb | BearbBLALBABES SbRNEhe

processe in a.nodu[e 4 for . extracting concepts” ci
wWhEEh Gr #NiRBnd sl Fekelr 8Epkaing et PRt W iddhddn error
diltdt ondrghdn Jonginted $Heawgy hAalPEOCEEE 8H1lowing
cg}gsteructlng a concept base ci (1 <_i <_m from
eris %J Cinl < ] S n) presenting simlarly scores wg.
30 The nodul e for Gi ng the_ comegpt, Yictionary
receives as input t (Zef’ P of"t f1&m t he base 3
and the maxi num desired nunber K concepts is set by
tlh% Urererrgaclemiuidest whieni sepheaehdgdthe gevnp t; of P,
e@her terns that are neighbors fromthe poi nt of
VI ew of their 35 characterlstl cs. In order to produce
the corcelt RASHiRIfartp, desomppsesP $pbp Nsppptions in
caldlatreiierdiast arcaimgiibyté bREWEEAmd4sd hender tie Of

e _bass th t b t
AT O A BB Colial ot Rt PeEoh Egiohe

- ninibley throfs cdrceptre. closer together lie in the same

portiong.

Step 1 of decomposing the set of terms P into two
portions P, and P, is described initially:

a) the two terms t; and t; in P that are farthest
apart are determined, this corresponding to the greatest
distance D;; of the matrix T;

b) for each t, of P, t, is allocated to P; if the
distance Dy; is smaller than the distance D,;, otherwise it
is allocated to P,.

Step 1 is iterated until the desgired number of
portions has been obtained, and on each iteration steps
a} and b) are applied to the terms of set P, and set P,.

The optimization stage is as follows.

The starting point of the optimization process is
the N disjoint portions of P {P,, P,, .., Py} and the N

terms {t,, t,, .., ty} representing them, and it is used
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The concept dictionary is set up in two stages: 5
deconposing P into N portions P=P1 UP2 ... V PN
optim zing the partition that deconposes P into M

classes P=ClL UC2 ... UCMmth Mless than or equal

to P. The purpose of the optim zation process is to
reduce the error in the deconposition of Pinto N
PeELi £ e
RS A e M
alebAcEBt, Rairt kot Bel erawiionshat is then committed
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%%r"t‘e%%e%eﬁ’}éfm ned, this correspondl ng to t he
greatest distance EfﬁEt ofcthb r%hrl Znok b) for each tk
of P, tklsallocatethQ;P it e c? ance Dki is
snal | er than the distance ij , otherwise it is
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repr esenting them and it is used 25
to ti ty t ty
to Doo Doy Dox Do Don
| Dio Dij Dix Di Din
£k Dxo Dyi D Diej Dkn
= Dio Dii Djx Ds5 Din
tn Do Dni Dok Dnj Dan

For multimedia documents having a variety of

~contents, Figure 3 shows an example of how the concept

dictionary 5 is structured.
In order to facilitate navigation inside the

dictionary 5 and determine quickly during an

- identification stage the concept that is closest to a

given term, the dictionary 5 is analyzed and a navigation

chart 9 inside the dictionary is established.
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10 for the purpose of reducing the error in
deconposing P into {Pl1, P21 ..., PN} portions. The
process begins by calculating the centers of gravity
ci of the Pi. Thereafter the ggror aci = Ed2(ti,tj) t
EPi i is calculated that is conpared with sci, and ti
IS replaced by ci if sci is less than cti. Then after

cal cul gabggagf n@ﬁé%% erf%r Ighﬁgﬁy%k IB.%VE ynOt

reache deconposifion’is
c Gaghnt ﬂ@ﬁratsonleftlm%osw oi( E@ncemtsHlis dnihiedAyl gplit

aGhtWhkGB bb80es! dih Zn&CloPeldith LR 8ILh R, CORR! B‘feghe

instant t that %fresents the iteration. There

f&Pﬁ?&ﬁéS 1RufRiSCHefURf bt die dasdtifce urher Pér ﬁﬁ,oups is
wbetalaea desighil eshd her s sdrinea kel igeRatesmibd. 1%he

ohE P kbt S e OB By st o
t thSan Dak®rall Hanogrnddure diidhdec wneifls shandagda
va&a—%&xleﬁ £ %Eﬁrrfplé:' gug %ﬁmmfsfe%ﬂl%@gpgebega!?gw

t he concep tlonary i's structured
t 5reacipi vla%%h ndve gefa e iaitdd i ke goocephar pL5thad

dgt et FbASr¢lUdiedk | dhe Widdrs a&t drdetdki eahkainstage the
con%Pgt that is closest_to given term the

dit BEPERAT OB RECEIRAYE efc'PrarH 4 erﬁ\}r’“@attff%n tﬁsecﬁ’dﬁ-n@ the
| asade dheidkiotiDnary d Srsimpld.shed. 26 The

navi gak}, 0 CAH fouds 15 AU LAUGRA df FFALLY Elinp D] of the
module 6 for distributing a set of concepts.

The set of concepts C is represented in the form of
a matrix M =[c,c,ncy]e RPY, where ¢, eR?, where c,
represents a concept having p values. Various methods
can be used for obtaining an axial distribution. The
first step is to calculate the center of gravity C and
the axis used for decomposing the set into two subsets.

The processing steps are as follows:

Step 1: calculating a representative of the matrix M

such as the centroid w of matrix M:
1 N
w=—>c (13)
Nf=|

Step 2: calculating the covariance matrix M between
the elements of the matrix M and the representative of
the matrix M, giving in the above gpecial case

M =M - we, where e = [1,1,1,..,1] (14)

Step 3: calculate an axis for projecting the
elements of the matrix M, e.g. the eigenvector U
associated with the greatest eigenvalue of the covariance
matrix.

Step 4: calculate the value pi = uT{(c; - w) and
decompose the set of concepts C into two substeps €1 and

C2 as follows:
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each iteration, the set of concepts is initially split
into two subsets, and then on each iteration, one of

the subsets is selected until the desired nunber of
groups is 5 obtained or untila4he stop criterion is
satisfied. The stop criterion may be, for exanple,

that the resulting subsets are all honbgeneous with a
smal | standard Qe%kgtlonlffor exanple. The fina

result is a blnak% tree in mhlph the | edt€3 contain

the concepts of h&E%F0 di &fi orty%and the nodes of the
tree C@Héa&Qtthe%'gggggﬁtIPQﬂﬂ§9§ﬁﬁ9 %so@ g%ﬁv%ﬁﬁbng is

tEe tree duL5 stage of 1dentif ocumnen

Br e¥f ol PH eZhe%I&%tmoﬂSofth@qme%amymeoéf alhepi < 0

magal g2 61 é ofhaliminidiut id¥ 154 Qf oconcepts. 15 The

set of ﬁgqge ts C [ re rese ted |n the formof _a

matri x> @ ﬁﬁ@ﬁelEUtEswfhﬁhere

chavigqntemerﬂxsd:acacmnzepitn hened Iﬁ:@np:epal d&&tlUﬁErQUS Thus,
S 0 ini an_axi .

CRaF P e T e ol ML B BT cipgraer to

céptermite grhg i aqn@RMEIRG tlisecéyosesused goterm t;, the

degORPOSE NG trgeset Nt py tmcﬁﬂt&t@é andT*&%ew R¢eSHhbAg

steps are as fol [Fows: Step 1. calc

r apreckted Wi HiCh He r?étlreiC%em l&ﬁrﬁ?ael?thééhi reid w

- of (hetxf X- M2)Y NaMse Ghe( hde N2; is 2818kERA2: The

| cul at t.h t bet
FeieL B AR eHHaRie RE FEpr SSBHea: Phothp tree
thﬁﬁrhﬂen)xdacnydn ng in the above special case M= M -

o axe fafndarioiackeceor booild) o MEPuE SSBLEHELE
With the I@Imajéh\ﬂé@tt@rlbutlegsmedeﬂedGW th the

gf eat egle %ﬂﬁjﬁ&%lﬁecyf)fdett%%t%@%E!r@@%eto”@éiéét ShéPsée ci
| cul ate the val ue pi uT(c nd deconpose the

setrborit g &t sdee%a%%o é)aeseégléhelpeﬁalbee metheds
f@&ﬂSMMts 246 selecting the less compact set.

Figures 4 and 5 show the indexing of a document or a
document base and the construction of a fingerprint base
10.

The fingerprint base 10 is constituted by the set of
concepts representing the terms of the documents to be
protected. Each concept Ci of the fingerprint base 10 is
associated with a fingerprint 11, 12, 13 constituted by a
data set such as the number of terms in the documents
where the concept is present, and for each of these
documents, a fingerprint 1la, 11b, 1lc is registered
comprising the index of the document pointing to the
address of the document, the number of terms, the number
of occurrences of the concept (frequency), the score, and
the concepts that are adjacent thereto in the document.
The score is a mean value of gimilarity measurements
between the concept and the terms of the document which
are closest to the concept. The index of a given

document which points to the address of said document is
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rc 1 ed if pi<Ojl (15) <ci eC2 if pi>0 The data set
stored in the node associated with Cis {u, w Jpll,
p2} where pi is the maxinmumof all pi < 0 and p2is
the mininumof all pi > 0. 5 Jpe data set {u, w JpiJ,
p2} constitutes the navigation indicators in the
concept dictionary. Thus, during the identification

st:agecfiol neXafgpl Srnasd fH‘k%héé&q#Hﬁ 'EE&E@%s%%”§?pt

that is closest to a termti, val'ue pti =
wPrPESEEPEURAFRBSARY- t hen the node 10 associated with

?L is sakeptedeif ﬁ@:f%f|%%?éﬂaﬁind(ﬂﬂﬁgér%Flﬁ%%lgre|Se

e _no e e rocess,is jterate
EPTAERESE: oF s SRUie R 1 b nrtechddn SPedEnsR.
AFsgngeal arity detector nodule 8 nay be associated 15
Wtht onc r .. The, .
S|nguI§§F§ygd§§é% %§E3%$$%%ﬁt se ctqfhgertﬁnept FREPS
§reoe65r@@%@®p6§@m tiehalqsfuneng pedsicbi2é ) netthddshe
C@Bﬁbéﬁ:ﬁ ADcSLbRLEY NG 1 e S$ o RRRG NS e stéggﬂéﬁs 4zach

show t he i ndexi ng of a docunent or

d8 uﬁ%ﬁtt%afg% Gin®*t ﬁ&ecéﬁgtlwaeh of B%foaeﬁ%ewm rithe
bagecd Oof Ttige fedgesgud fididsealqy iis eedastki tut adcéymihe

senting t terns o
SEhe ChopGAE T EorERenLLng e, (Ens B, LB ).
fi ngerPréreabaze Umblﬁimgénmnmmm atfecdtonicelptac; is updated

(8080 PIN L 20ckd 560N LULed B fiah s 55t osuch

t He nunb ocune
c‘{ﬁ*h%‘é?b? iQr s dife Cﬂi@e&?@r hagchlobatiiebeendenooentered,

alfé ngﬁiélfﬂé!i iHlas bHagehlc ihs th@gaébﬁﬁsﬁtsceﬁgilﬁéw
hf (Q of the docunment pointing to the 30 address
ot t L F %g%etﬁ%rﬁegjﬁif@r fdmber of terns, the nunber of
occur rehcase afohﬂd@tcm;cggt nét rjaguepﬁggegﬁ hﬁ}qS{Q{H Ratitise,
t epts. . that .are_a ent t nt .
et AGER) SIS R0RGCR, LRE! SBebleti Tan ggtry in
e Wi gse dmﬂﬁﬁﬁmwnﬁhetooanepb]and tnhdet ep nsf ofldnmnts
CMH&HH”HréMHthéSiV%% oﬁB%ﬁ%gtcBﬂt&EﬁiﬁgnEﬁgtsigxgkure of

i ndex of a give
the concept in those documents where the concept is

present). The newly created event is initialized with
the signature of the concept. The signature of a concept
in a document is made up mainly of the following data
items: document address, number of terms, freguency,
adjacent concepts, and score.

If the concept c¢; exists in the database, then the

‘entry associated with the concept has added thereto its

signature in the query document, which signature is made
up of (document address, number of terms, frequency,
adjacent concepts, and score).

Once the fingerprint base has been constructed (step
25), the fingerprint base is registered (step 26).

Figure 6 shows a process of identifying a document
that is implemented on an on-line search platform 30.

The purpose of identifying a deocument is to

determine whether a document presented as a query
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docunment which points to the address of said docunent
is 28 stored in a database 14 containing the addresses
of protected docunents. The process 20 for generating
fingerprints or signatures ofqthe docunents to be

i ndexed is shown in 5 Figure 5. Wien a docunent is
regi stered, the pertinent terns are extracted from

t t
{ SPEURELiERL LEMEP Sl Al I aONEER, 1 FhprlabbgRe.
tﬁé dechpaepd ¢3 prajecing thm o inHd ard typhesweknt he

Ca@%ﬁfﬂbﬁtg| ClTRAaEYrpdb O et d %E%It%ffgl ﬁ%cuﬁaﬁtgoncept
c; that Sresents the termti (ste Thereafter

tﬁ8n1t|"‘h6é? rPRPC RIS | s Qﬂi’d’&P@d cpst BS bayal or

Thhetuptat | Wigeh sPauaﬁtaolr waﬂlsdemﬁ@m@leﬁaenﬁham@r h&{re been
nt er ed

b BREneE edas cle eady hean snoauierety, 10c] Bhces

afready beeh,r%ipmmnauﬂnglé paniemmndepm en imagei yet

PEESRDLat i NE AMARASS SdRRMAR HEMLA! LY abS 858&%8%
e

in the data ase an entr ase correspon

- tofaﬁh%iJe‘cSﬂ Rl agE o |teﬁmﬁsozoswhﬁéhtateng terms

t hepBebesr obdRed S CNtdiyd Ng the signature of the
concep%§|n t hose docunents where the_ concep

pr esent§ FET R TREM Y EF e tos b FnFPFBFF%e@dmﬁFHeP

'thE)slQMattEfmsﬁaﬂduexmmamﬂad fHee shghatibeeméht a(step

CQ? ept in a docunent is nmade up mainly of the
followi ng data 25 itens: docunent address, nunber of

t er s, Tfi ragpeniat iomdjidde rhec diogetrpriandbsser éstep 25),
thige tE etk o e, dfkakashs REPaLOEs £RLRYene

associated wth the concept as a ere

STYPEY (e iRG H@t@wr@é@@ﬁ@ﬁpcwnéh shgneeneerts of
nelke ROk dkh af ((sd;@wr:eem iaddress. tBURREL 915 aeﬂ@t of

t t nd score Onc
TR (B FRECRRER. BORIAAdCERACPS! RSB  of Hehe

qugmy[ﬂoaumdnxse is registered (step 26). Figure 6
shows fh?é%?%&%ﬁp%f %%gbﬁghﬂggg gﬁ%gﬂeF%1é%5aéhPoliows

|nplene an on-11ne sear
Py; designates the degree of resemblance between

document dj and the query document, with 1 € j < N, where

"N is the number of documents in the reference database.

All py; are initialized to zero.

For each term t; in the query provided in step 331
(Figure 7), the concept Ci that represents it is
determined (step 332).

For each document dj where the concept ig present,
its pg; is updated as follows:

Pa; = Pg; + f(frequency, score)
where several functions f can be used, e.g.:
f (frequency, score) = frequency x score
where fregquency designates the number of occurrences of
concept Ci in document dj and where score designates the
mean of the resemblance. scores of the terms of document
dj with concept Cj.
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The purpose of identifying a docunent is to determne
whet her a docunent presented as a query 29 constitutes
reutilization of a docunent in the database. It is
based on nmeasuring the simlafgty between docunents.
The purpose is to identify docunments containing
protected el enents. Copying can be total or 5 partial.
When p |, e I

sub] cof oo P 50, PFaap oy oot lond P RiRacer chan
séngéleesthredinld t s@epr &334 pae ﬁgtalr;atit er 'ﬁhfiﬂohh%n

| FagBons & lﬁ@%dﬂﬁﬁ&f%@%@ﬂgqggnq@tébom;;a vi deo
docunent changi étihe order of terms, or substituting

terms REIPPURTH GUHeI T Rl fhe Ldgt. off teEFPprESentFng
aftibtemedti co:hmn d:ej’ltrreftjaﬁdl colepthdlyeshbasker thaar £re
e m_t dogcu S

oEhE Sfoft i e P R "Baud8h i BpPagga oggthe
t herreheltis hetlwadmitde: foegmst b thenguexyr avtedadh ond
t PR OHEE Yo & PUt i Nnto correspondence with the
concepts. of the database (step 33) in order to draw
up a | Y3} IHFticuye Uit SHFESNOocs/tEARSOBLK FBPSEO t he

cm@pcmség WHigre gueriy d;@wn%@&taza thet pé@ﬁ@éﬁt Ohas been
g the .list fol | ows

t bl d at es
SRR, PEaed i Bepposr bt beate of LhEt e

' qU@kyngkﬁnﬂuunt ofi thigkbgaij andNtopbeogichlisroperties of

d dj
N e NI
eighhmdiated ni irhet gesyldocRnguteid)mat Pbed ot efpite G

tAadp AR @pRAredts,i 3 edet;%rfbeﬁge&égeehéé‘%re F@élg%‘&
docunent dj where the concept is present, its pdi is

up sy BE RO OGN0 HEE alpai be :flewm@%%nw the

Sﬁé&gﬁnseMaaa@m@@meral functlons f can be used, e.g.
f(fre = freque % X, score

freque 51& aF%?Hﬂ%?e eBFSo%ﬁu??ﬁﬂgégegf(SteP

CHnicept O i n docunent dj and where score designates
the  congsideration is given below in greater detail to
multimedia documents that contain images.

The description bears in particular on bullding up
the fingerprint base that is to be used as a tool for
identifying a document, based on using methods that are
fast and effective for identifying images and that take |
account of all of the pertinent information contained in
the images going from characterizing the structures of
objects that make them up, to characterizing textured
zonesg and background color. The objects of the image are
identified by producing a table summarizing various
statistics made on information about object boundary
zones and information on the neighborhoods of said
boundary zones. Textured zones can be characterized
using a description of the texture that is very fine,
both spatially_and spectrally, based on three fundamental
characteristics, namely its periodicity, its overall
orientation, and the random appearance of its pattern.
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35 nmean of the resenbl ance scores of the terns of
docunent dj with concept G . 30 The pdi are ordered,
and those that are greater than a given threshold
(step 333) are retained. Thensjhe responses are
confirmed and validated (step 34). Response
confirmation: the list of responses is 5 filtered in

ordg,t-a Egtﬁgﬂ?9?hyhéf@iﬂqg?QP%ﬁ%r&ﬂ%En%ﬁ%ﬁaﬁh?aﬁagﬁ
pertinent. The filtering used I's based on the
cBEPERES onChEPTeera¥det ¢k Fat igh tife agudmpoaignsaépadpre

tbe £BsPRASESd. Vatt dadh abk (dHS SLrVeS @ ki RoORENMA
t hose 10 resgonses where it is very certain t hat

cORTBRRSAtsEBRENALE bRl PSSt iy AHOT sp&pas a final

rdephnies mnédeftdbteseihe dlakKigwhragrount of al gebraic

and topgl ogical .properties o t.he..concept.s W thin
docurre%ﬁ: 8|g fﬂsll?:é%gisr%%g? h%{ bunlgidglhrt?or ogs nigr?rpﬁéngs’
gaecgundbchfeheken oitoharnat itdre cBasdfpedsén the form of

decHpBRtALs | b@loﬁ%f\Pndjg{k?%%oS “Lagq)tr _anﬁ;gg,?)irqggqr s in

t he query docupent nu al so nei s in the

r esponseSaoEahtat. "THe Tt wialof qRgsEYRE sdbdige Aesciribe
dabivenede( st BPrdSives 2h CUIHACMIOMmalyS bl Y8B1REEQVET 2
in regt r.detail to nultinmedia docunents that contain

| REbedl FECTeR RIFTDbER SXHPANErburEr CBReS
bdihenstonp (irwgds jersprd 82 kEs@ighatesi 31t anlelnsedand
as a tool .f i dent 1 f.vi A , d '

met hods %%a?é%l}%ggé%}g%q&glnd Cg)?[ﬁje%g%%&g’ fh%fsi%i 5§ﬂp:i§€§}:é%té

| Aagestyrrll t ¢RPenAGts agsbuspresealt! the rhguparityienr

| 0 OF 5Bhi O SO AINBL ight e d MBERES0BBIHR0BE of

characterjzing the structures of objects that nake
R EpS 1o Thrktherizing textured  zones and
backgrpikpgr€ 0l Drehud ety Lels iefageh@ 1 Fgeadhengdo

[ déent I edl g%]o%{o uci.ng.a tabl e sunmari zi ng varhous

ST Bt ST HCEL RS o B CaB6GE 5] 86Y bEHHULTy
zpweseamsl. | nf ormation on the nei ghborhoods of said
bOP”daﬂ%&Pé‘efz FE ! ra‘?f iﬁ%{%{%s s‘ia%o?%agﬁﬁka%%hgﬁgral
using a description of the texture at 1s-very TiIne,
elements and a textured background.

Figure 13 shows an image 83 having no structural
elements but that is entirely textured.

As mentioned above, during the stage of building
fingerprints, each document in the document base is
analyzed so as to extract pertinent information
therefrom. This information 1s then indexed and
analyzed. The analysis is performed by a string of
procedures that can be summarized as three steps:

for each document, extracting predefined
characteristics and storing this information in a "term"
vector;

- grouping together in a concept all of the terms
that are "neighboring" from the point of view of their
characteristics, thus enabling searching to be made more

concise; and
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35 both spatially and spectrally, based on three
fundanental characteristics, nanely its periodicity,
its overall orientation, and the random appear ance of
its pattern. 31 Texture is haggled herein as a

t wo- di mensi onal random process. Col or
characterization is an inportant feature of the

met hod.. blhigankes u§fﬁg%§bfﬁﬁér aﬁ“HH f&%thQQes the

responses that are si ased on CO or as
f ARSHMSNHeBF NG NA nEftRl  uIsheok w@tsletare@h ﬁchhéocument

| Aist tﬁhsSIa.@Q@cﬂét@@”dJﬂtmga Upi rigeigaripit St 18CepPHRL £l
gﬁgn g information classified in the form of

cofpdheRts bel onging to two maj or categories: .

so- cal Fédutst sushowal ﬁh@oirmimein‘tg: dfhatn dmg@i Idecufhant 52

h tod |

DL B4, REC S8 0 PR L TRUCRE g o6
dPRERATI ‘éﬁscl(mm@é%rme diite gmagfe F52gllwe§- finand mQI)Lber of
aﬁQraﬁQtéﬁE'@ﬁattéaﬁtﬂﬁﬁ cRRIMAREYS Lhakgcanm! ement

structur al onents and represent the regularit

‘1@aﬂﬁPF%?ﬁ?@ye ¥%Xtd?b‘ﬁéﬂtéﬁnstﬁrﬁﬁgé§e82xﬁﬁacé%do?rom

tharaécﬂxﬁelaiﬂdtdaje ddagitedl hridhuheshawe 8BokBBJEn8d
% éP'ﬁ Ofstr q;ur?4)elenents that do not present

any extu %a etth 20 Figure 12 shows an imge 81

contalﬁnngtsprmﬁtLpnﬁjeqﬁﬂﬂnﬂﬂs;panquMdeﬁurede term

bgﬁcji(géoé’lf]dthgll%l.{&e]ﬂ?q) hQws, an inage 83 having no

structural | ement ut that is entirely textured. As
ment i oRedSE®dVEE . durvietfatiels degerétienl dsngbtatned

fgﬂ@ﬂi@ dpémsm@@s@ HAGERL ket R -FRCYABRhePASEULSHE to
sSo.as to extract pertlnent i nformati on

n
?? % F57Hehis information i s then indexed and
anal yzetep THe enedsiss iins qietfirdbied nby tAesteking oh N

p r can be sumari zed as three steps: 30
%&&5%%ﬁ55001ﬁ§ﬂce xtractlng predefi ned

char ac®eep s39 cxoramicctst ami mgogmcilmgfeanhtgnnupnsa into

St VERRL 130 R "Ll BERLEE" v BaBcfRRGRE 62! ! Of
Flnally, an orthogonal projection 62 leads to N sets

63 of reduced vectorial descriptions (RVD).

In a subsequent search stage, foliowing a request
made by a user, e.g. to identify a query image, a search
is made for all multimedia documents that are similar or
that comply with the request. To do this, as mentioned
above, the terms of the query document are calculated and
they are compared with the concepts of the databases in
order to deduce which document (s) of the database is/are
gimilar to the query document.

The stage of constructing the terms of an image is
described in greater detail below.

The stage of constructing the terms of an image
usefully implements characterization of the structural
supports of the image. Structural supports are elements
making up a scene of the image. The most significant are
those that define the objects of the scene since they
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that are "nei ghboring" fromthe point of view of their
35 characteristics, thus enabling searching to be nade
nore concise; and 32 building a fingerprint that
characterizes the docunent using a small nunber of
entities. Each docunent is thus associated with a
fingerprint that is specific thereto 5 Figure 8
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is made for a are S|n1lar
oF CePrat 2D iy ;ﬂhﬂltawtteﬁ%&eéq@é’sﬁlmfréaa@tvhm texms of the

NMedEd DNeEl erpR@vien 1JFe i %r@%agﬁehhe QYRLY HQCHMEDEs@lSep
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30 SRS £ SONS NSRS LRCIP BL 80l TTHE U bt
g@ﬁsqhQﬂﬁ|&ﬂ§a;h@ .eer trergc amei magetructed that describe
the local and global properties of the SSEs.

The information extracted from each support is
considered as constituting a local property. Two types
of support can be distinguished: straight rectilinear
elements (SRE), and curved arcuate elements (CAE).

The straight rectilinear elements SRE are
characterized by the following local properties:

+ dimension (length, width);

- main direction (slope);

- statistical properties of the pixels constituting
the support (mean energy value, moments); and

- neighborhood information (local Fourier
transform) .

The curved arcuate elements CAE are characterized in
the same manner as above, together with the curvature of
the arcs.

Global properties cover statistics such as the

numbers of supports of each type and their dispositions




useful ly inplenments characterization of the structura
35 supports of the imge. Structural supports are

el enents making up a scene of the image. The nost
significant are those that dgfine the objects of the
scene since they 33 characterize the various shapes
that are perceived when any inmage is observed. This
step e j UGt I t )
e L L ey 2o Ry e R, Buppbs:
oBPBREE1CHfRr el DBundarIs arielddifar adt-eri zed by

| ocat i @8SsuhMuphi £6r i i Y elnfa g, ithee Py nkaki at i on
ar e obse{ved et ween_t zones. _This dismantling
opBF RFBREHY a5t HOPY thia™ Coifs PPISCER BRELRELEPT he
t hpade uhsl asymmaonies=dnongsiblea pl ural ity of "cl asses”
depending on the local 10 orientation of the inage
gradient (the orientation of the wvariation in |oca
intensity). This produces a nultitude of snal

el ements referred to as structural support elenments

~ (SSE). Each SSE belongs to an outline of a scene and
is characterized by simlarity in terns of the 15

| ocal orientation of its gradient. This is a first
step that seeks to index all of the structural support
el emrents of the image. The followi ng process is then
performed on the basis of these SSEs, i.e. terns are
constructed that describe 20 the |ocal and gl oba
properties of the SSEs. The information extracted from
each support is considered as constituting a | oca
property. Two types of support can be distingui shed:
straight rectilinear elenents (SRE), and curved
arcuate elements (CAE). 25 The straight rectilinear

el ements SRE are characterized by the follow ng | oca
properties: di mension (length, width); rmain
direction (slope); statistical properties of the

pi xel s constituting 30 the support (mean energy

val ue, nonents); and nei ghborhood information (loca
Fourier transform.




The curved arcuate el enents CAE are characterized in
t he sane manner as above, together with the curvature
of 35 the arcs. d obal properties cover statistics
such as the nunbers of suppotés of each type and
their dispositions 34 in space (geonetrica
associ ati ons between supports: connexities, left,
right, mddle, ...). To sumup, for a given image, the
ertiment—— i ormatiom extracted—fromtheobjects

raki i el supkegEsi 8fsummarized in Tebte 1. 35

Bt r UCt Yp ko BHPPLTAS MlalePe Obj eCtss®f ANgre | cam
ITHngbI:bHI:LJ—\I: 101 a| romoermmin2 I\|UIIUB I Ullglll LT T1Z1
> t hreshol d) TRERheRWEIST t ncnlen2cd? d obal Px trre§hol d

broper t i esNumpenb&F 14ng- nl | gdxn2lgdx suppertsg a
eft or right ongectlon Nunber of m ddl e- nIquxnﬁIgd
connecti on N |£‘r?\n @prljrql n?nl par alllel | onglsupport

|_um nance- (>Nmmwé¥ﬂhﬂdbt Lum nhncec ( thﬁesholdhgc

Eﬁgg%%*gﬁgbrEigggaleéﬁg}gyuatur3- Char act eri zafi on- of

properties | Number of long - n;lgdx | n,lgdx

X

supports at a
left or right

connection

Number of middle - mlgdx | nylgdx
connection

Number of - n;pll npll

parallel long

supports

Luminance -
(> threshold)
Luminance -
(<« threshold}
Local Slope -

properties | Curvature -

Characterization -
of the
neighborhood of

the supports

Table 1

The stage of constructing the terms of an image also

implements characterizing pertinent textual information

of the image. The information coming from the texture of

the image is subdivided by three visual appearances of

the image:
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the supports Table 1 The stage of constructing the
terms of an image also inplenments characterizing
perti-nent textual information of the imge. The
information comng fromthe tggxture of the imge is
subdi vi ded by three visual appearances of the inmage:
36 random appearance (such as an imge of fine sand

or gr ass}aﬁﬁ@tﬁeaﬁﬁeepﬂﬂé&u!chl?rafsa%gle'l‘?rﬁtgece% BE€ne sand
detern1ned periodi c appearance (such a$s a patternea

kAFt §TBFS) SW%e’F%pfé? RGN Bt o ATangeparteFAs PBi xel s
odegeoupse®f pixels) is observed; and flnaIIy a
directiopal . Qgearance where, th pattern% tend
overal | PEEHELT i HRAF T Onk B A6y & pATGFFRgagknit) or
dir sepebision (o aniinsror mettitenniss @hkaﬂaedrbgroups of

a rametric
rggﬁgéig?%%r§ﬁ§§¥¥ed éacheﬂappearance is taken

i nto accBURETEHT RIS &tﬂpﬁta@%mh@re &he speterak tend
f@ﬁé?&@ﬂ'@é'@%ﬁ‘@ﬂt‘&i Up e Ref korenbrilNiggaati on

$r this %ﬁrt|on of the image. Periodicity 15 and

of TENT &t P are characterized by spectral supports

\Nhl | e Thes r anflomeaipenrian G tas neep bes appedxbyat ing the

f
Eh T g Sy WA R e BB S RSP Pragto . macn

-|®@E¢¢%ﬂ¢@ﬂ1iﬁﬁtdﬁaawlmaalamﬂnmmt by msapessfbteetspatial

PL:0g e&sk M AN Sid; R 1 A ek HECy %e{:ﬂé ?élztil’l?nt

Spectral support's_and autoregressi araneters o
t Bt A oFoth i Qi speaTddios @énﬁbﬁehﬂ%?al ﬁ%?rb@fﬂlCltY

oém) @ﬁérgfawlcﬁi %li%nbha%%‘&'é%&%le@SB@ EpéttPal VRlppOres
P Aqyl esPai r &C%_ g g
whl the random appearance 1s repre ented by estimating
parameters for a two-dimensional autoregressive model.
Once all of the pertinent information has been

extracted, it is possible to proceed with structuring
texture terms.
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paranmeters Table 2 Finally,

the stage o
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characterizing the color of the
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erent and pi xels
gomperitrent if it
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i xel §
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Pafirt Hes, Bi},
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aescri bed bel ow T hal
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IS T&ss eXpenS|Ve
FHeMeRed €S- nent i on

I terirb OT
M aed hds S JMY

cgnpu;a
t batiddrs dlpdsiertaced

NYilde sebalineAs and

deviation

gr shifts.

Autoregressive

parameters

{ai.j }’ (i r J) € SN,M

Finally,

Table 2

the stage of constructing the terms of an

image can also implement characterizing the color of the

image.

Color is often represented by color histograms,

which are invariant in rotation and robust against

occlusion and changes in camera viewpoint.

Color quantification can be performed in the red,

green, blue

(RGB) space,

the hue,

saturation,

value {HSV)

space, or the LUV space, but the method of indexing by
color histégrams has shown its limitations since it gives

global information about an image, so that during

indexing it is possible to find images that have the same

color histogram but that are completely different.
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The various characteristics extracted fromthe
structural support elenents together with the
paranmeters 15 of the periodic, directional, and
random conponents of the textgge field, and also the
paranmeters of the spatial distribution of the
constituents of the inage constitute the "terns" that

can beusedlQr n0E86F5 é%iéﬁﬁgfﬂﬂlsﬂqér%ﬂgp%%gﬁnt'
t oget

These terns are, groupe er to 20 constitute
" ABhEgERE® PRABidEr LR EPFRHU ¢ hdFmsampde thiseran

i ebastieti 9" d@étangl@i:smﬁm beﬂk%egﬁ HeQRC @haef at-hese

concepts, and .t heir sitions .an equenci es

cgﬁ% Pel FeaPﬁepl¥?%%e$ qrﬁme(ﬁnc9¥§ﬁ§§5weWper?h8581X61 is

f coberpnint § i helne hotgastd iankse leativesdry 1&59& gegiyn of

{ auTeREa L HOPUTRING 40 SAHAUME (MLE BERECHRD0 of =
for a docu does hot hecessar i y coﬁ?
aFRgdPnt RE S@ﬁb}a%t%ﬁistlc el ements described above.

Conseqmembtuod belentd fyd - g ReQIENS WitiBt ribution
% ﬁ%ngothe resence. 30 of i'ts constituent

%?Bh RS AT i MBgsnIce Jof 1&Sf FoWCENal ®
de:sarlbé@CBéBo@ftleaﬁ riac tliggs te&msfm@mmn temgeort he

h f t, .St h t [
PEEREEes SR SCrE et e RerERoRaR, B HEo AN ehd
whede appropustatiycas withh hetprdoagednldyoa shsEtéor
detect{fg AEHGLL Alar Al LS oMk besh SebYeanLO

er el enent s.

omt the step 71 i e ‘are no structura
3t KUyl | SuRPQEs e liggendst sogehiiey Whshhehet heremeters

exf Stise dpdexdaned Packariomad., bhaseankibs ebﬁaﬁslaénE@V@ﬁ
n%to ste 73 of chargf%§r|2|n the textured
bERK gF THRE S | st FectiR PEpPEEEESan§ the spatial
aﬁlis)u::e:gnmﬁcbn/esﬁ e aneiseisuARt sf olel ewadliaaga séRPridute

[l th back round .co
no stru é $Edﬁgﬁc§x¥b§hd % %ofhgesﬁFégégg hﬁ%e%ontent
c@fe@t¢gcumqnhsté@m$® t@rmgepré4groﬁpadltygeaherepo75

SR agda et TP s paqunc o
deisgiul ginformation" of document .,

The occurrences of these concepts and their
positions and frequencies constitute the "fingerprint" of
a2 document. These fingerprints then act as links between
a query document and documents in a database while
searching for a document,

An image does not necessarily contain all of the
characteristic elements described above. Consequently,
identifying an image begins with detecting the presence
of its constituent elements.

Figure 9 shows an example of a flow chart for a
process of extracting terms from an image, the process
having a first step 71 of characterizing image objects in
terms of structural supports, which, where appropriate,
may be preceded by a test for detecting structural
elements, which test serves to omit the step 71 if there

are no structural elements.
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characterizing the structural support elenents of an

i mge. The principle on which this characterization is
15 based consists in dismantling boundary zones of

i mage objects into nmultitudesgof small base el enents
referred to as significant support el enments (SSEs)
conveying wuseful information about boundary zones

that a@%eﬁ?@§ e aoée%$r¥E¥ ég{éﬁ%ﬁxﬁféy%ﬁékﬂgrskﬁgre r

bends ving 20 di erent curvatur tati stics

aﬁ?ﬁh?t? h@s’ée%s*é%%@ PaRITQHER arfd] Whed tigdrysegspomoves
bohl dongrep theot %H@ré&téﬁ%%g s:trféit‘tfebkrt@&eauraaek §ma1nd

I n_order to descr|i nor e ri gorousl e main hods
| BooFGEhs| fE {Rreotih cau ot Kogi PACHRARGE i Ee. 28
wpbramatass bak ngf¢tiowset Hw @ gtep (4, of Chakawtdyizing
e r pectively the nunber of rows and
mﬁﬁé b%gﬁ?PoJ?@-é:%ﬁﬁs in the i mage. On the basis of
previ ol Yhent cig snedEvaratiuedd hgrcdkdivenndi, nehes the
{Eﬁébebéam&¢eé)df%écﬂ&f”ffﬂ%jQEEﬁ %@nkélstég %ad'ent

i mages &g # j) e this a

consi sf&°¢ 1$ar§|§§?ﬂnWﬁ;%qﬁ§ Pﬁh@@cﬂéﬁénﬂﬁﬁﬁsoﬂn@he
Ibﬂﬂldlng|ﬁpﬂfﬁngurgﬁlﬂﬁ@s gr adi ent |nto afinite
nunber U|d|stant Iasses The cont aj ni ng
the ofi en?%? H 5o ﬁee gratF ent Sﬁr§a&§"ﬁ ﬁgaab tRe
f@hatwwtgrlﬁihé(ﬂhﬂﬂsmrum@urml)su@potaneiegeﬁts pF)afl)
40 A.partition is no nore than an angul ar
deconposition in the two-dinensional (2D) plane (from
0 to 3609 REingirle wal Mhdehi véd sqeharhgaerbnapionhisBy

U§é§é5t$5héigﬁﬁ 1d”al%ﬂkﬁkﬁgﬁgoBohﬁ@agyagbﬁgé &8 fnage
criterion, for nposi ng boundary zones, it is

pIREF T % Jtrﬂz%ﬁ‘i%tr’rtéldeﬁeﬂfels“@ﬂéuﬁﬁﬁﬁ 8tepenks sreFarred
f o ras',)asfitgﬁnaflddm %&@S@orﬂoéﬂéaéhtEOMSSEbﬁ Q6 feEy 110y

hl.em of . b t hat h
R e et A S N e R

i&f Ustbansitypshefsaaeyniogbenzef &0 of asseds dsaving
bfif%é%eﬂ%nchJgﬁﬂfegy h@k&t%g%%egsabg?ttQﬁesgqgﬁfeé%s are

hese classes comng from tronin
then analyzed and used for bulldlng up the terms of these

structural supports.

In order to describe more rigorously the main
methods involved in this approach, a digitized image is
written as being the set {y(i,j)., (i,j) € I x J}, where I
and J are respectively the number of rows and the number
of columns in the image.

On the basis of previously calculated vertical
gradient images {g,(i,j), (i,3j) € I x J} and horizontal
gradient images {g,(i,3j), (i,3) € I x J}, this approach
consists in partitioning the image depending on the local
orientation of its gradient into a finite number of
equidistant classes. The image containing the
orientation of the gradient is defined by the following
formula: '

Oﬁqj)z arctan (gﬁgﬁéﬂ] | (1)

g,(i.3)
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a sinple procedure consists in selecting those that
have the greatest nunber of pixels. Each pixel .
bel ongs to two classes, each com ng froma respective
one of the two 15 partitionings. Gven that each pixe
is potentially an elenent of an SSE, if any, the
procedure opts for the «class that contains the
greatep ef ; ' éﬁﬁqgﬁ h two classes. ...
Thi s congég?uyégﬁaféég%gﬁ ere ﬁ%l%%'ggari |F§m8951tfon
f FRdFRG EHOS%Ef‘@?SJr@FEQJer(%?)Z@Jia@et HEr2m §rreabeds0°) using
pQSﬁébledefﬁnéﬁﬁﬁﬁﬁﬁkigaﬁf865ﬂyﬁﬁ%ﬁduﬁ?’u%@h§ £hBO$Ecal

n

ain nore than 50% of "t he candi dat es

I t hat ) |
| 2?%5&233?%%@%.&?%&% IS Gifs Porrikerienppsrt t hat

adecbinabd tnd b@omdain ks, Aromst peseidbuppebt obtain a

: ' o Se .
Eggtgﬁgﬁ’%‘?‘?@%;%%i%{ﬁ%%PS@gﬁégigzégg#ﬁ':gf%&

n - v ebekeim a Qal ar
t hog @Enod@mealé e @tolét oh 8 pQ Lhr 85hoLd y
Pemtnundy s e bRt LI IBeo L R0, o

are counted); intensity, . e nean o
nPEtPHS RFTtEo g rigdivesd otsing phrepsngakitmgenpot

eaTis SSE {f bdfvreshehd writseenpl, ha1thgncdgtinedyy ape
w or abqve the threshold are

SEs. th re belo e
TRiadt Hinpe dlataed <O0ertnSdons ChRetHP| PaFEhEEPNingS,
bt sizepl ¢ eroqeidiele raxisMEmsand bbEebEXﬁQ ﬁhﬁ%éugha85have

' [ d,.all of e.S0-C e
oA ke 7 BsR . frehaliagt felSlos w0 cwo
cobptishceadli eming ifdent bf redpeypeve obnst ofictlue atwo
SHRROT L onfl .41G%%%nb%h§ft%%?%g?i%ﬁﬁnlé oQéﬁQ% an

image in order to leave ro aracterizin
teel;&%ﬂﬁré: fAfePd SBF wdf 8PYex&hfl BrogeRdrdepPt afer gahe n
RpEE tgib.t do@ﬂtbqglkéc%@eafgtr'ﬁﬁt&@@ ﬂ@t%lﬁéﬁ &F glbliy?ellélaalné%ngst
vin oundar zopes at _are_shown in imge

O e HiEsens oRBRR.c0%r (FReaE Borriey deries the
areokidken idivs mdntfliediagdan depeafli hgroartdetzorientiad i on

' I S, e r distributed anpngst the
3%5%%E%§&C g%%égﬂ%éprégeﬁPgdsgg b?n%%%% qff¥:q§u '6 %#HY
mhfsceslpgeeso that. cPhesanvarieushdd =denehtshe

ntiidaved the $eRihbgant TRUPROLLE BLEIBMS 0 ANGhe

support that are liable to contain SSEs.

From thege support regions, SSEs are determined and
indexed using certain criteria such as the following:

- length (for this purpose a threshold length 1, is
determined and SSEs that are shorter and longer than the
threshold are counted); |

- intensity, defined as the mean of the modulus of
the gradient of the pixels making up each SSE (a
threshold written I, is then defined, and SSEs that are
below or above the threshold are indexed); and

- contrast, defined as the difference between the
pixel maximum and the pixel minimum.

At this step in the method, all of the so-called
structural elements are known and indexed in compliance

with pre-identified types of structural support. They




10

15

20

25

30

35

a statistical analysis thereof serves to build up the
terns of the structural conponent. In Figures 14c to
14f, by way of exanple, imge 103 corresponds to a’
class O 15 corresponds to a gjass 1 corresponds to a
class 2 (0- 45), inmage 104 (45- 90), inmage 105 (90-
135), and image 106 corresponds to a class 3 (135 -

1 n n f r [elecly Lt3.1.S
N R e A R L B
algavegtirar £op ?%aléa%‘?@%ﬁt?élrngorthee%tué’ﬂ éaeldand the

textur gyf wagdof Sekﬁvgpl@haécﬂgﬂéxz SGnadeOls 1t AinS FRBLPES e,
S

t t tQ th
SAERAIREEL kS, bhrabel oY Sl ot bSndary
cannasnthgtaaaechh@wmnutwmmye lioy erfratigatre( 39bh ashan
'@&ﬁeﬁ{: beetﬁ@Qg }:% arﬁﬁ on(n?& %ﬁ:evw%lh%rr]l Elsmant%ed and,

par | CUl ar arrangerren ermne
c 6APBRGRRY (el chhasonl grHtatdrare ¢ &k ihe) 1 gravﬂhlenhs, they are

rgpgatingrde ”érﬁ@x'f@stpq;ﬂ@ r\%@‘l@ﬁ% Qﬂ%%rs\é%d re??‘gsefltgél 1!3%

a_directional qgonent in patterns tend
sl%

oVBRIEP 10hatd EPQNF%QHQ?%M%QH Fégé&fd|rgéﬁﬁ6n§arlous
Seberethe ¢©E$tiﬁuﬂ63ﬂH@ﬂ&ﬂ@ﬁﬁﬂﬂﬂﬁan&C@u@@b@kYelE@ents, and

L 0 A ] e e 1o b La P oy

paeam%tmfcth¢mmkﬁuntdﬂilﬂmmmpomhattexture of the

| it
E??r)afnaf Qf QH§]€ggg% %%. of %%gg%%ggg%ﬁgﬁ? 103

180T NTSPRRRE 180 a% cslrﬁﬁm G (0°Fi- g&ﬁé)lomageng% he
f@&fﬁigzh 42l @ ionshidy 1{y(4l5,o1 L} 9oo{)W( hnda%;b*ihé' )T

e C§L162 V\here (] purely random
9 %,L0 R (. Qﬁ 9 1908 thé3ﬁa9woﬁpé eBAPD NENE
1doreepdred 4 ud}alcia&he3duuegblonabo@®nponent 18. This

step O{n %ﬁe a seﬁ%e of structural elements, it is assumed
that the image is textured with patterns that are regular
to a greater or lesser extent, and the texture field is
then characterized. For this purpose, it is possible to
decompose the image into three components as follows:

* a textural component containing anarchic or random
information (such as an image of fine sand or grass) in
which no particular arrangement can be determined;

- a periodic component (such as a patterned knit) in
which repeating dominant patterns are observed; and
finally

+ a directional component in which the patterns tend
overall towards one or more privileged directions.

Since the idea is to characterize accurately the
texture of the image on the basis of a set of parameters,
these three components are represented by parametric
models.

Thus, the texture of the regular and homogeneous
image 15 written.{_?(i,j), (i,j) € I x J} is decomposed
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informati on froma docunent is term nated by
estimating paraneters for these three conponents 16,
17, and 18. Methods of nmking such estimtes are
described in the 10 follow ng,paragraphs. The
description begins with an exanple of a method for
detecting and characterizing the directiona
c n f lpae nit4 al [ n
aqgﬁgl §§£e8 C(Brgﬁelltlrl o nloéd’el F} r%é lttsh%%dlé?lg}c |onal
% Hﬁ@ni‘-o{e‘e$ githe tfqlslcwm inedegdonshrin:
denumm{?(lil 8} s L{mchj) dl{kt(egj)}egé(h ,§}.enents in which each
integers (a, 20 R

is assg |ateg air

def i ni Wﬁe’éﬁ ‘f’merﬂ)af Jg% e zHPdiiee% TSRS Fempgnent 16,

t 4h-1(34 R} i4 nclod herrmwarids ccﬁr(podehtl avde&naec{ieby,j )} is
e%hej§lrégél chféﬁp%éﬁﬁ )CI1$ ig F)gpféghextrgctiﬁg

-klnioamp@;omxf;qmna Rt @3H¢eamhnayealﬁy estimating

%gr%é@ei‘s RS thd tqare%z gé%ﬂeﬁ):)z-»“Sme?ﬁe ancal\?Bl S

e nunber of directional assoclfated with

t
(Yetpyds \Qf jmaking fﬁ”é‘(ﬁh@@@ym@ﬁ:e@hérﬁt Hesrsikad; ianghe
{ s&liawing (Bdacprprd k(ia - j{3)} are the anplitudes.

The di ect onal conponent. {e(i is thus Ietel
def | ner‘fz‘lh rcr{_‘p’h %“{éﬂ'r&iléjlhsa&ﬁf‘ﬁmﬁé@ Pﬁngom?ﬁ%
fﬁbto@mt@pumng(HndEchhmaEtdrlhlﬁglﬁhé GtYrectikh&l) }
/%(l_)\{ne%%ﬁ 0‘1118)t11]e \J/.Hélgélk 1k=1 a~/ 1e0 1IX~ N In order

hese "paraneters, use is nade of the fact
that tFeltialldt iidnalonsdmenemt applydngnagparandgric model

to the directional component {e(i,j)}. It is constituted
by a denumerable sum of directional elements in which

each is associated with a pair of integers (o, B)

defining an orientation of angle 6 such that 6 = tan-f/a.
In other words, e(i,j) is defined by:
efi,j)= Ze(u W),
c(ﬁ 0
in which each €, B)(i,]) is defined by:
€, B)(:1_,3 Z[skﬁ(loc jB)xcos (2n 5 (iB+joc))
= B (17)

(ip+3a)) ]

o,B s ' .
+t (10(—3]3)x51n(2na2_:52

where:
- Ne is the number of directional elements
associated with (a, B);
- v, is the frequency of the k™ element; and
{s(ia - B} and {t, (ie - jB)} are the amplitudes.
The directional component {e{i,j)} is thus
completely defined by knowing the parameters contained in

the following vector E:

E= {11 ’ Blr {Vlk L= (C)' tlk(c)};!::=1 }(O(,-'B-)EO (18)

In order to estimate these parameters, use is made

of the fact that the directional component of an image is
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represented in the spectral domain by a set of
straight |Iines of slopes orthogonal to those defined
by the pairs of integers ((xl, Rl) of the nodel which
are witten (a Ql) These strajght lines can be
deconposed into subsets 5 of sane-slope |lines each
associated with a directional elenent. By way of

| EEUSLLabiof, £ G e daa ANt SO, LIROgS &4, ang,

. cont al ni ng rectional erefen
Flguee 25cshoas emthomgneBgcdmosiendedined b9 the pairs
dorecht ogats el@NER, S ol gUEendadl whove &Pl eti83d N .,
tBre@ di pensi ons of . the spectrum of the |zggq 84 of
FPyure TgserphhpréghishingRdcandre MAecqmmpsesdt bquIsydsets
i pgeam87sloBd hivsaciaied dLaraciieveky tW khdatbect rBegs
8@ gggn 5 of 15 Figures 15b and 15c. In order to
caFcu ate the elenents of the vector E, it is
possi bBe vay aubptl arstappricach Higseesonspr endctiBhgshbhe
Pﬂﬁ@&eérbénéﬁ&” te iy Q&H %H%anhSnEEEEQQCFQBﬁéitéle?ent,

at conponen

initially in making sure t a~directiona

jehiby Bragsmtlinefoiavsesn AREdRg 8Bt SophRranengr §WoThe

dif esdt onad 1 oy, of the image is detected on the
basi s of know edge .about its spectra roperties, |If

|
the spetI¥iored SWade Hlé’tc@ﬁsilanggeﬁsdE@?ﬁﬁians of
t e espiarensi efalthardgageXs4YorZpigursehish. (X, Y) 25

repre rdin of _th i xels and,Z .
e e P e R
deY evaskiated mesiesénved yoyishseheoimpgaksss and 85 of
C 4 atgd @lponRgd.ines of slopes that are defined

by 1he | ooked-for pairsﬁ&a 1, Rlé (cf. Figure 15al).
In or det ¥ Heter AdCHREpLaseréemantgocEuthe| vaekor E,

it sif fgrsvie eeurldcble apr adpPbRant bR8AKSon JdH8jecting
nber of t.hese peaks provides informati on about™ the
STiS OIS o T FdIEE “BF. AAFRGRERCES0r hF dBEFapR consists

supipoiraldy Themekfiokl swgecatdascai pireat Dinah exapPhentdfis

t t f . i Zi. the di ti I
desdlf GOl SARL SRR, bRFR RS o ar, R)
are cdhauldiregtdngaiheomponbat of theetthaonal s efenertad

ich d8lLHlisN@dor4tnowledge about its spectral properties.
If the spectrum of the image is considered as being a
three-dimensional image (X, Y, Z) in which (X, Y)
represent the coordinates of the pixels and Z represents
amplitude, then the lines that are to be detected are
represented by a set of peaks concentrated along lines of
slopes that are defined by the looked-for pairs (o ,, B;}

{cf. Figure 15al). 1In order to determine the presence of

~such lines, it suffices to count the predominant peaks.

The number of these peaks provides information about the
presence or absence of harmonics or directional supports.
There follows a description of an example of the
method of characterizing the directional component. To
do this, direction pairs (a,, B,) are calculated and the

number 0f directional elements is determined.
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The nmet hod begins with cal culating the discrete
Fourier transform (DFT) of the image foll owed by an
estimate of the rational slope Iines observed in the
transformed image yy(i,j). 5 Jp do this, a discrete
set of projections is defined subdividing the
frequency domain into different projection angles X,
wher e S e ecti o set,fan .0bt ai ned
in var%g%sm%gﬂéh Bg%bﬁ§ &H¢%a %1cu' ]Igg%%ﬁ EchE?ch
fEPuéFLErp‘ara@%@rrﬁu(%T)l yOfprtIhfm 1Ir@19mtf@g}é|osre@aby BR)
d@fstmnaeeaaf apgh er ki suieh éll?:?ﬂe qkmest %ser%dweﬁf end<_

An _order r such th r serves
BrEBﬁFPBWe@hémﬁﬁ%ﬁ%ﬂloﬁ prOJectlons '15 Synnetry
properToeaocanlghe@ Bt dsack foit QHI%ﬁﬁh%@t%ghprspaéfined
u e pairs are shown in Figur or
aRubl o107 D et G S e d st G S0P Ene DFT
promectlmg@ngﬂc@s dey.f orheed &l dirg chnﬁtaangl &hfk. pEagbction
pé@teE£ﬂ°Be985‘@a{ &F h YBGLQ Q,ag) Nedom 8 it is

k) ol UF & nota ch

, witten to SInp |on
cﬁﬁ%ﬂﬁ%etircfé $erokedy-fayr aldo p@lﬁf@cﬂfoﬁ@tuaﬁﬂm m;nn@n

E@ﬁﬁe@é@$ ecd) OB, Yk deg i 8k H§NaBYark f@r Bl@ that
VK(i,])=3J(i ¥T(3k, j +Tak), 0<i +T -4, 0<j +Tak <J-1

( 89¥F tafi Wt hwhere* 0316;1~<*-ak @uﬂc&ﬁem Newnd that 0 < O By
Nk = IakI(T&d)+IRkJ(L 1) +12 page 40 where T*L is the

skzg Qlrjde ﬂd%tﬁﬂl (tine) }lu&nﬁerZégte Bﬁoﬁgguwﬁs of the

Fourier transform of the inma racteri zed.
FOYTIRIEIRY \erR%ifé:%ﬁSgwaéh@W BeelBRfs fardobheiping all

pesitd QRS td Hpacerf: $RlieE ede These BhoRigAeLIYs for o
elenenb % £ those that present a maxi mum val ue
& 30

rel % to a threshold that is cal cul ated
dependiny o idut e ofoftHeheodiige. oft thhi BFst agetlé

tﬂ?%c% lacj#g%rlg%{ Irréglari% ek %Ltangkéeé I s E Wn'prc-arg]gction

generates a vector of dlmen51on 1, Vi) written Vv, to

simplify the notation, which contains the looked-for
directional information.

Each projection V, is given by the formula:
Ve (L3)=> Wi+ B,j+ro, ) O<i+th, <I-1,0<j+1a, <I—1 (19)

with n=—-i#*p +j*a, and 0<|n|<¥, and N, =|o, [(T-1)+pJT-1)+1,

page 40 where T*L is the size of the image. Wy (i,j) is
the modulus of the Fourier transform of the image to be
characterized.

For each V,, the high energy elements and their
positions in space are selected. These high energy
elements are those that present a maximum value relative
to a threshold that is calculated depending on the size
of the image.

At this stage of the calculation, the number of
lines is known. The number of directional components Ne

is deduced therefrom by using the simple spectral
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I's deduced therefrom by using the sinple spectral 45
properties of the directional conponent of a textured
i mge. These properties are as follows: 1) The lines
observed in the spectral domajpg of a directiona
conponent are symmetrical relative to the 5 origin.
Consequently, it is possible to reduce the

[ i Lop«d i B OV 0 | f aof: th i

T o aack GO Pt Ml bR Minb ity e 8t R ERe®
vePREE - ar Eheganareegesl $vraremeseritlionws:l i nes |
bel ongiingrhe 10ndiressdéPnad £l aRiishe Pra1NGRBINS o8f a
kﬁomdegge o£ the res ectlﬁgmggﬁitjons of the I'1nes_on
t FETREGAPHE " of TR R SEret Higal retsfdvm BRTEDR

i srpgsni bl eotgedeshucky, tite exaeisdibTeer oofediukecthenal
el, pesSitio of the line [ )
oV Ll P LT T SR THY 18 bR ofopRLD
veeder vRnsiferatimr. |ines of the sane el enent being
si tuat r ' That o3 r:Qj [ hanLsmis
shown ?ﬂ ?5?% uar‘%}al@i#so rl}et—'(iﬂalt[}fecg.k])Qi itq%éZ%-chr)%.% %? fla er
pFBResdrhgs t Fer verrssenad iend inesd bellegoihe 2o
d@itiﬁ@&tp@zﬁ@:aiéﬁer&ea&s%lg% ord ftgl@lyml i IsS to%f khbﬂ@édglét @jtr_ Nele
Wi each pair,are o ined. It is s possible to
CEERPCThEvE dEeH - o o Ry LS GRalPe Eﬁ@H%gswf the
udisgrébe Fowrboverarerfidraned'T,priepest pessibbd tbededuce
pay, LS ' : iated 25 with, these., .
PEhe ceiet MARRS deeReci3309' BUERGED ) | Dhe Bofapion
aPE B hbyon dtaxtiguth e relsponidsy Ecbébr regainaed. ofothe

ahdx Dhurh e & AT K ROK) rneSLERBE fﬂ;éé]eodf_f ;@gﬂ;&%ﬁes

of _ each detected el ement’ can be done_ 1 nmme
c%%%T%Eﬁeﬁ?%ﬂHi%%%ﬁ%F%@ §Maéwyﬁﬂé{ﬁh€}30 points of the
ori gi methe i pBSHeEl iV rih@agliedl ARt shiohe 9h reguaki 89 for
|ﬁ§ 'k{ik—:f , tfen c is the position of the nmaxi mum
i ik Pxind fhese’points constitute a harnonic
one- dixEnst grdcesisggma thEDyveaftceen vl amtd apgddididey athea
fABAUANGY pdilrd D é)fficgs | gRt £, - .
frequency é%afhisg¥ﬁ? i gna B&gggg%nggn }%%glgﬁg *ﬁﬁﬁ with
each pair are obtained.

It is thus possible to count the total number of
directional elements by using the two above-mentioned

properties, and the pairs of integers (@wiﬂ) associated

with these components are identified, i.e. the directions
that are orthogcnal to those that have been retained.

For all of these pairs &%ﬁﬁﬂ), estimating the
frequencies of each detected element can be done
immediately. If consideration is given solely to the
points of the original image along the straight line of
equation i@, —jB, =c, then ¢ is the position of the
maximum in Vk, and these points constitute a harmonic
one~-dimensional signal (1D) of constant amplitude at a

frequency v*” ., It then suffices to estimate the

frequency of this 1D signal by a conventional method |
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46 (locating the maxi num value on the 1D DFT of this
new signal). To summarize, it is possible to

i mpl enent the nmethod conprising the follow ng steps:
5 Determ ning the nmaxi mum of gach projection. The

maxi muns are filtered so as to retain only those that
are greater than a threshold. For each maxi nrum m

F t r / 3K),. e f. lines
aooenEaay! Bl  RafiRih it ciens, 5 HHTST rBliet eV
alSdgBadéscri bed properties. The frequency associ at ed
with (@bksﬁﬁﬁériﬁeCai@“iglﬁﬁhsfﬁ¥éE%HJ'ﬁ?ﬂ@ﬁéﬂ% Re method

i ntersecti on of t he horizontal axis he nmaxi num

| CREPELBI TS shoRhdt Al B RheStRBE num of the retained
prOJecDeaeimlﬂﬁnghem@ ﬁ&&imudefC&aﬂHWgﬂd @%tQBnhOWlthe

it K"Tfi)(t s
ot S masitund LA ) f e sq W b 3E2aig onty,fhose
i bhaheaaboyeearent i idmmed avddimasieldd ven the direction
(ak, /] k) F8R0eA B8 fLLANGRGY, \%rz:b%pohg ﬁ&sébb%egé%o (@..4.).

determ ne the anplitudes 9(""
for c -saThsfypmger hef floime assiciatgedBwith, satidngadr is

Coereshans Bl 0l o) (B, g ol g o o
i ak-j / 3kThe A r?e‘WQQFﬁJ@Q A s(%bﬁ ﬁ@dCIQ)'»LCMated

nHB£fQ%§6$§hﬁ"td)tﬂallnéggggctipér gmgﬁgﬁ?o%?épéfgk axis

can be witten as
skBd Rpre )maximqy Jineosteopicgspondingk teakhg ¢agjmunsof @he

Jfés@lﬁe@l@ﬁo:{e&l\@mre NS is the nunber of elenents in
t i's nGMISI Simlarly, ~("'6)(c) can be obtained

ap FatdSRFT PBiopart) oy tRepREp} i tudes
X At E)SﬁﬂdZ fk aﬂ&ﬂ@&ﬂdﬁlﬁﬁedNrwh&ph—arakthefbtﬂer

The above descr.i hed be su ri zed by the
paraneters conté%ne 1n %%e above- megggoned vegtor E.

Given the direction szﬁﬂ) and the frequency V., it
is possible to determine the amplitudes §fﬁkc) and ﬁmmﬂﬂ,
for ¢ satisfying the formula id, —jf, =c¢, using a
demodulation method. §yﬁkc) is equal to the mean of the

pixels along the straight line of equation i&k—xﬁ@:=c of

the new image that is obtained by multiplying ?ﬁhﬂ by:

{2.8)
Vk Ay . A
CoS| ————\1 + 7
(dk2+lﬁ2(ﬁ% J kﬂ

This can be written as follows:

plas)
. "(auﬁ')(c)r---F Zy(l ])cos(m(lﬁk +JC¥k)J (20)

K} rtz-—;ﬂ_ k

where Ny is the number of elements in this new signal.
Similarly, ﬂmﬂkc) can be obtained by applying the
equation: '
hﬁ) plesB) R
@= = Y5 )sinl — i, + 74, (21)
Ns xah_,rﬁ c ak +ﬁk
The above-described method can be summarized by the

following steps:
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followi ng steps: 47 For For 1) The nean of the points
(i,j) y™a,P) ~ COs 2k 2 (A+ Jak /1 ak +/'k every
directional elenment (&Iftk every line (d), calculate
wei ghted by: 5 This mean corrgsponds to the estimted
anplitude ka,a)(d) . 2) The nmean of the points (i,j)
wei ghted by: v(a,fi) sin 2k //{{ 2 (A +Jak ak + Nk
Thi s S [ {mat

tk' p)?g?g g@éEf &gP%ETﬁﬁyiﬁﬁﬁgé%%gg ﬁﬂéﬁggln steps in
t he 1OFpropeeryohinet bdbd., GEtlepulbkteCal cuI ate the set of

proj ection therI%ETa %n g)t}lf_e gﬂcun(s.l§p i j)%e&%lh%te% Lg}e

modul us of

T(o, v}=IDFT(y(i,j)~ p_ 3. "For gk very b} 1k) c Pr
cal cul ate the vector - gihe ec | of T (w, v)
al ong (ak, (3k) usin u%tlo (19) Step 4. Detectaqg

| Fhés: nFaR @uEFgspends 1l31<)t1E P(Stlﬁé‘tt@ldl’naﬂ‘@llwde ( ).

=max{ Vk(j )}z 9Th8%&érﬁaéf {He ﬁ%ﬁe}y jBrOJ e ?L%

significant value enco {ZJP ong t
save nk and j max the deks 12? min Vk
- select the dlrectlons hat (sgeitsk criterion: M >

Se

Table 3 below summarizes the main steps in the

projection method.

This mean corresponds to the estimated amplitude £&#(d).

Step 1. Calculate the set of projection pairs (o ., Py)
P_.
Step 2. Calculate the modulus of the DFT of the image

| 9@.9): wlo,v)=|pFv(i, )

=

Step 3. For every (a,, B,) € P, calculate the vector V,:
the projection of y (w,v) along (a,, B,) using equation
(19) .

Step 4: Detecting lines:

For every {(o,, PB,) € P,
- determine: Mk=n@xhﬁﬁﬁ;
]

- calculate n,, the number of pixels of significant
value encountered along the projection
save n, and j,... the index of the maximum in V
select the directions that satisfy the criterion:

kg

n, ¢
where s, is a threshold to be defined, depending on the
size of the image.
The directions that are retained are considered as being

the directions of the looked-for lines.

Step 5. Save the looked-for pairs (&k,ﬁk) which are the

orthogonals of the pairs (o,, PB,) retained in step 4.

Table 3
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nk where se is a threshold to be defined, depending on
the size of the inmage. The directions that are
retai ned are considered as being the directions of the

-l ooked-for lines. Step 5. Savggthe | ooked-for pairs

ak,fk which are the orthogonals of the pairs ((x, (3)
retained in step 4. Table 3 48 There follows a
description of detecting and characterizing periodic
textural information in an image, as contained in the

har noniT&egenpohéars {#(des9TipTivs chbﬂvnﬁém@ ead be

,r@%@aeab@ﬂz@ﬁ é'fﬂ'b&fc SRQf 2D 1 S JISNRRU S §Ezan jmage,

= VP) +Dpsi n27(1w +] v, 1
HIRREN A T A KR AR o
ptbmppathal chnefeengyrefdri® ak3al Showe &t BRIEDIL
cggb%hnlng periodic conponents, and Figure 18bl is a
synthesi,Zed image containing one perlodlc conponent .

- Fizgu a an i mage of
tﬁg‘ﬁﬁag?ué of th é_gﬁ pre%ent?ﬁ Pa & of peaks. (32)

ure 18b2 is a 3D view 94 of the DFT whi ch shows the
g?@ﬁée of a symetrical pair of peaks 95, 96. In the

. spectralcgqnalu3 bhe haprophgespnponent thus appears

a pa i sOl.a peaks that _are symmetrical 20
ggoutptké Cor i G = lfcggeFPguF?aféaeaffe@é§¥fY Thi s
corrponEngurefl%@It sshdves @n sitreryee saf ceartkddiabt pesibdic
t BSmpbHBYes 'ﬁaf%cz{j 168 LRAG 151808 8! el ped
is constltut Fenents “of YPRES7 &2 23
PR3 EPl P, IS \Rﬁﬂlc}dl(CQ@PmPPﬂEnt

Figure 18a2 shows an image 92 which is an image of
the modulus of the DFT presenting a set of peaks.

Figure 18b2 is a 3D view 94 of the DFT which shows
the presence of a symmetrical pair of peaks 95, 96.

In the spectral domain, the harmonic component thus
appears as a pair of isolated peaks that are symmetrical
about the origin (cf. Figure 18 (a2)-(b2)). This
-component reflects the existence of periodicities in the
image.

The information that is to be determined is

constituted by the elements of the vector:
H={p{,.D,.0,v,)" | (23)

For this purpose, the procedure begins by detecting
the presence of said periodic component in the image of
the modulus of the Fourier transform, after which its
barameters are estimated.

Detecting the periodic component consists in
determining the preéence of isolated peaks in the image
of the modulus of the DFT. The procedure is the same as
when determining the directional components. From the
method described in Table 1, if the value n, obtained
during stage 4 of the method described in Table 1 is less




10

15

20

25

For this purpose, the procedure begins by detecting
the presence of said periodic conponent in the inmge
of- the nmodulus of the Fourier transform after which
its paraneters are estimted,;,30 Detecting the
periodi ¢ conponent consists in determning the
presence of isolated peaks in the image of the

u T...The pr dure i.s the sane as e
cerapne Phet 0ol ollE PAPRAGH Geinke, er Bespae thet
mehhgdctdestre belte i prasdiee Iof id Hammondlcueomponbhai, nedther
3 ri t gger t J i.bed in Table 1
ighﬁgsgggs§than,3??%?é£ﬁgﬂ§%ﬁgﬁ%%§?§oeéted peaks are
pr esenfPRRAFteEhaiRE t ehe Retindist sxameonest ampaRgsnte
cQBpaBeny, that NeslatdBpoeaksint e figkieacgoRhNMB S 1us
line, .Ch %Cterizing t he periodi c conponent anounts to
5° oEg?iﬁg the isolated peaks in 10 _aof the DFT. These
spat i aFReFegeiedel s fﬁﬁﬁﬁQﬁQﬂﬁﬁc&ﬂﬁbﬁbcﬁéﬁh§POHd to the

L)E W, In order to calculate the
géﬁ%ﬁ%fg{l%gg#\r’r\gﬁ %ZP%#%)S d as the imge of the
modul us (mhWPYp'_?%%%%ﬁﬁg%fg the (24) am#)itudes
(CP,DP) a for estiﬁ%?ing the anplitudes of, the
di r ect Fonetdenrporeniculkdre edeh apediicddesel ];) of
frequ O,0), .the,h corresponding anplitude is
i ﬁ%‘ﬁ?‘?@ﬁ%ﬂ% t“%?é:qﬁ)éiar%sofusteﬁie%Sl§°6?ﬁ§ggm6f—lflﬁeth%w
| amgPi obdes ned tne Aildddquiyinag teepbrege.{y(i, j)} by
cos(i brort] ddn pebhichuils d1Rhisese %tfe%r@%gugﬁe%ogaipevg J19 the

equations: 1 L -1 Cp=-j Zy{n, mcos{nno+

- corresponding amplitude is identical to the mean of the

pixels of the new image obtained by multiplying the image
7)) by coﬂﬁ@,+jﬁp). This is represented by the

following equations:

n 1 I-1 T-1

p=LXT"=D;y(n,m)cos(na3p+mﬁp) (25)
~ l £-1 11 .
D, = Lnggy(n,m)cos(n@p +mvp) (26)

To sum up, a method of estimating the periodic

component comprises the following steps:

Step 1. Locate the isolated peaks in the second half of
the image of the modulus of the Fourier transform and

count the number of peaks.

Step 2. For each detected peak:

- calculate its frequency using equation (24);

- calculate its amplitude using equations (25-26).

The last information to be extracted is contained in
the purely random component {w(i,j)}. This component may
be represented by a 2D autoregressive model of the non-
symmetrical half-plane support (NSHP) defined by the
following difference equation:
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LxT _o. 1P Ti EZy(n,mcos(nth, + mv L x T
n=omro 20 To sumup, a nmethod of estimating the
periodic conponent conprises the foll ow ng steps:

(25) (26) Step 1. Locate the g(ﬁol ated peaks in the
second half of the inmage of the nodul us of the
Fourier transformand count the nunber of peaks. Step

2. For det pgak: ) Iateitsfrequ y
usi ng ggua)ﬁo e,;,j(, f L)| rts anpl i tude u?llﬁg

equati o 5 6 Thelast |nforrrat|ontob
gg?ﬁ?:t zadk Jl() wicant ArfedPEnP258TE T PUTRIKE r%ﬁﬁﬁ)‘mlned for

Jhi t b t ed
PSVERRRRE 1 el ddy (Y ﬁDSZFpSf”et”h "hon- s r%ﬁé?ffﬂa‘f
half pl aﬁn@s{(b%c)? k=OnsHPT M{Qa 13{1 3t$ﬂé<1\¥oTP’I(§/9i?§
d t - | |
(g%%@ff%zw i.e&?cer% r&i@? w(sartiéel ﬂaagy
par anet e{‘é tolb %t@‘%ﬁﬁ?@@ 1tee@@rly‘ﬂe( REl fiBéFeng
tuarmm(wl)/ko 1< 1:-Mu{(k, 1)/ 1<-kSN, -M 51<-M

5 The pair s kno :;_1L t he order_ of the nodel
gét? n8it§e 96V eR R¥te vari ance

{UET §93° E’%‘E
(72 T e= [t @gax{gk;(})(;,)tshe} nmodel are given by28W =1/~
' B6W' | ak, | k.©)ESN. M (28) 10 The nethods of

estl nanF%gﬂQtFiEOCéﬁF e?ferﬁséilmat\i\Mr &hengiemenss efich ase

f Rim&XP)] entdie 2D davidasapial 99@ EB”Le(r%séHa&i_dr; £i thm
mat hods of the | east squares t (LS). There

at e AR 6h RO o F L6 e6ﬁ5r HEHRFFS] h@p%héh%bi or
of an Tﬁmg@ falorowhiLlidsdedipridh deshrpdchedeytract

res t|n i coni_c charactelst cs.of fhe
é%%ﬁgc %§lgr gFtFEUFE? %rom which it is

desired to extract terms t; representing iconic
characteristics of the image, where color is a particular
example of characteristics that can comprise other
characteristics such as algebraic or geometrical moments,
statistical properties, or the spectral pfoperties of
pseudo-Zernicke moments.

The method is based on perceptual characterization
of color. Firstly, the color components of the image are
transformed from red, green, blue (RGB) space to hue,
saturation, wvalue (HSV) space; This produces three
components: hue, saturation, value. On the basis of
these three components, N colors or iconic components of
the image are determined. Each iconic component Ci is
represented by a vector of M values. These values
represent the angular and annular distribution of points
representing each component, and also the number of
points of the component in question.

The method developed is shown in Figure 19 using, by
way of example, N = 16 and M = 17.

In a first main step 110, starting from an image 11

in RGB space, the image 111 is transformed from RGB space
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exanpl e of characteristics that can conprise other
characteristics such as al gebraic or geonetrica
nonents, statistical properties, or the spectral
properties of 20 pseudo-Zerni gke nonents. The net hod
i s based on perceptual characterization of color.
Firstly t he col or conponents of t he inage are

A EL Aol ook UL Pl 1 i i ot e ey 4Beg n

cﬁﬁﬁoﬁ@ﬁpg hue, saturation, val ue. On the basi s of

-these &Jplréegsgogggg ntsn c@épjggccﬁraé GG omponent s

of the mage are deferni ned i'coni'¢ conponent C
is repEsdHt edVByias verenrtl mangs uks 36Mesaheakuesch

raggegegbptegeﬂﬂgué ahuand annul ar distribution of

poi nts g_g gresent;f g‘F%{gch Co onent and al so t he
number tREs (B the, TRRest i [On 11 The
nmbhsdrdagethpeﬂurﬁqshmﬁmtonﬂa,guﬂmslgersnmg tby way

2?69.5 gg{l?shl\{)?téger? cgol'\érs ]ti'? I ; a f"lvr 3% dmglagggts?%%" , Or

Fom an 1 nage S
i ffagéedi1 is transforned from RGB space 51 into HSV

space oayae Hgl?) téiké’é def1 ded O aiy a7 fg'éﬁ@{% hy, HSV

can be defined as | 'ows. "Hue
le%F?%st%%&lsh@%g& [Cer¥eeEs whePe ceapl and the
aegtent epd esendls Bt hue.c 1S Wl teShr ¥akicRS over

the r asur the purity of colors, us

servi ﬁgﬁ?oﬁgﬁ.%ﬁ%ﬁe 7 Sifaamel crengsttateon of ‘Ehe

"HGBlrdbdel pasThkt "hunem ery@d@dih dik®ivigluieh( Yp8 hakes 130
§at{10 Qe g gL, [s%(?]d[]eh indi cates the |ightness or

dar ness or an extent to which it is
cl ose F@rm%@orvm delandrife =HOV daéck hesaanvalbien¥ar O,

t 598 Sh@é NBrtd b 1Qfrdth@n @G@nﬁp@e%reTﬂﬁdQH€§ﬁlﬁ¥8 Caﬁhen v
distin UISh 128 hues, 130 15 saturations, and

shaHeRd By = vhi tidien, the) cod@rsis gurglack has a vaI ue
v = 0, Eacindedlisy ang AR oY HaatgShakek or white to

updet sl ngd o, hen v

In order to have colors that are lighter, S is
reduced while maintaining H and V, and in contrast in
order to have colors that are darker, black is added by
reducing V while leaving H and S unchanged.

Going from the color image expressed in RGRB
coordinates to an image expressed in HSV space, is
performed as follows:

For every point of coordinates (i,]) and of value
(Re, Gy, By) produce a point of cocordinates (i,7j) and of
value (H,, S, V), with:
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1 and S =1, then the color is pure. Each color is
obt ai ned by adding black or white to 20 the pure
color. In order to have colors that are lighter, Sis
reduced while maintaining Hagg V, and in contrast in
order to have colors that are darker, black is added
by reducing V while l'eaving H and S unchanged. 25
Going fromthe color inmage expressed in RGB

coordi nates to an i mage expressed in HSV space, is
per f or fed & R Pofs! For every point of coordinates
(i,j) and of value (Rk, Gk, Bk) produce a point of

coordinates (] A a d}? 30 value (Hk, Sk' VK), with:
52 Wk S, 4 6k = Vk-min (Rk,CGk,Bk) V k 5

if Vk is equal t Rk k 2+ k Hk = if Vk is equal to

Gk 10 Gk - Vk-min (Rk,Gk,Bk) BR V k -mn (Rk/ GKk/
Rk Gk F Bk fif Vk.is equal to Bk Vk-min (Rk/Gk/Bk)
Thereafter, is paifit]oneddqustierdlIR) -

N col ors arl®, defiméd 8 t he val ues given to hue,

Bk_Rk s :
Hy = 2+ . if Vx is equal to Gi
vV, -min(R,G,,B,)
R, -G . .
+ k_k if Vx is equal to B;

V,—min (R,,G,,B,)

Thereafter, the HSV space is partitioned (step 113).

N colors are defined from the values given to hue,
saturation, and value. When N equals 16, then the colors
are as follows: black, white, pale gray, dark gray,
medium gray, red, pink, orange, brown, olive, yellow,
gréen, sky blue, blue green, blue, purple, magenta.

For each pixel, the color to which it belongs is
determined. Thereafter, the number of points having each
color is calculated.

In a second main step 120, the partitions obtained
during the first main step 110 are characterized.

In this step 120, an attempt is made to characterize
each previously obtained partition Ci. A partition is
defined by its iconic component and by the coordinates of
‘the pixels that make it up. The description of a
partition is based on characterizing the spatial
distribution of its pixels (cloud of points). The method
begins by calculating the center of gravity, the major
axis of the cloud of points, and the axis perpendicular
thereto. This new index is used as a reference in
decomposing the partition Ci into a plurality of sub-

partitions that are represented by the percentage of
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saturation, and value. Wen N equals 16, then the
colors are as follows: black, white, pale gray, dark
gray, 15 medium gray, red, pink, orange, brown, olive,
yellow, green, sky blue, blugsgreen, blue, purple,
magenta. For each pixel, the coI or to which it

- bel ongs is determ ned. Thereafter t he nurrber of

i.0 hayi e ol |scalculae
B genfikliy S5 Tn B Ul R SR Eatis Rea Ther PRGCeEs
t Bé ﬁhﬁS@C‘ﬁﬁthism@pa 1o tartel arh dta dise misz bl 1bwst: hi s
step 120,88, Pht AR LAS éEH%%f‘bf”&?&%ﬁﬁ?’dﬁa tﬁ%Ch

previ ousl y obt ai ned artition Q tionis
dE’FFﬁEEaB%/Oﬁlt%nSF%%rFP’g EehpeTnaneate Gy teé ivépadirhat es

opazZbithenphgelsadbat make it up. The description of a

partitio sdo char act er| in hesatla
f e points
&fg‘ HCE) ofThBE P

nmethblde gt itsidyy c::alnultata ny dllzreca:e@her opbrgrangty,

tBSuH@é a&, eof z%u%Tg;aqftm LRLS ue 20l af(gf]aows:

per pen new I ndex ) use
referenceoqn t he t|on CI(
plurality of slﬁb parI\tltlons tha are represerNed by
the percentage of 53 points nmaking up each of the
sub- pat tPAFoHslomNg gt degeofspelRgr aoter Bgibpgeg of

p@éﬁééﬂ&&héarddifﬁ5éﬁa|d@M%ula%§h§UbﬁtéEghtggdgﬁgtéﬁeOf
aV| t%/rﬁaﬂd the orientation angle of the conponents

FPHES SPHAPONGHRAg TPnEeRt 16anisl apTpgrent -
the anghe athadiattdhildt ien vefctiohe iBobbBtainell Ehém the

N di,y ect oy
PRl A dlairks O, Sl B PERE he P gt ¢
f@mmbms o%@@m@ean xsn@o 8( Hng)liaﬁoysubéd;strt\butﬂms 10and
p@ﬁé |I§dng:;glng,ft rl@nalgl@%%l F&%CG into squar es of

concentric radil cul ati ng on each radius the
nunberTs pditift §W@ﬁ&llﬁgvﬁét@§chsl gepresented by 17

ceimneentn cHig Eampaleristic vector is obtained from
the ﬂynb%%e%g %&mﬂkﬁt % %%%gnglg%gﬁbggbogfogrggegélng on
the basis of iconic components C0 to C15 showing for the
components CO0 {(module 121) and C15 (module 131), the
various steps undertaken, i.e. angular partitioning 122,
132 leading to a number of points in the eight ‘
orientations under consideration (step 123, 133), and
annular partitioning 124, 134 leading to a number of
points on the eight radii under consideration (step 125,

135), and also taking account of the number of pixels of

- the component (CO or C15 as appropriate) in the image

(step 126 or step 136).

Stepsg 123, 125, and 126 produce 17 values for the
component COQ (step 127) and steps 133, 135; and 136
produce 17 values for the component C15 (step 137).

Naturally, the process is analogous for the other
components Cl to Cl4. '

Figures 20 and 21 show the fact that the above-

.described process is invariant in rotation.
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15 nunber of points in the 8 angul ar

sub-di stributions, and the nunber of inage points.
Thus, the characteristic vector is represented by 17
values in this exanple. Figurg,19 shows the second
step 120 of processing on 20 the basis of iconic
conponents CO to C15 shomﬁng for the conponents CO

(nDduI 121) C15 1 % ri Qus steps
underta en’ |. ‘7{ e'pacﬁ %%’i’ﬁ% %]:2 %e 1339e 2 i8
IEaﬁthglODeé nunbew $ﬁbqﬂh8uspn61ddm£aamghg crosses x_ and

OEhS%E‘héPnélPé‘P@é &On%f%géftdfg% gﬁaﬁl%ﬁo aéﬁé%aae

25 annul ar pariitioning a nu
ofTapFht %n‘ént‘{*%@@%ﬂﬁatrlﬁi |armi@e|9 coﬁfsl%lreatﬁa@rion index

(ibe@bﬂaﬁnedlﬁﬁét &b 1 S F Jakiagr AGeount - QEVEE§OHS (0e°,

i xels of _the conponent (CO or
EJQ ?’gétp 2TH} He iRfagPtadsesh 126 or step 136). 30
St eps Tﬁereaﬂser argh l2thyirsad lﬂ%ﬁkﬁ.bﬂ&h@ﬁg éfsopekbﬁrmed
7 d Steps 33, 1
uce %7 va}%%i :éﬁx}nggbonpghg 1885 gE?%pQ?S%)and
l\b]tl@flaqﬂllya Tadi s ey ito @ndledggusafionlehedot hghis
CORBRNERS Stk Fetohd voB%hF'r%fts%l%Q éngfzéhéh%é% t

fact that the above- describ process is 1nvari

rot T o0 54, Sin4ihé; eﬁam%lle of Figure 20, the

i mage Tike Pmdé tdOEdUrR QWO1%U6%@b§ne@n5y09ﬁ£ﬁiﬁgnﬂhe
crosses and %&bt?§her circles_O. er cal culating

t%@?%%ﬁ? [ oRg8 ffe- orP¥n?8P Banghe Pove
ameth¢dﬂtquuhnwmma@&xo& FSgubEaamedathabteﬁahieszdbﬂained

q%%%%neééygaerea OQﬁl n gﬁﬁg S% g %ZQO% i 67 sthe

p@??@ﬁ#ﬁﬂihaﬁmﬂﬂwuﬂﬂiuﬁuﬁﬁeps bhepoharscbarastidiwector.
efid rakels and potsiysmsnte eaﬂwadsqeﬁgtteh@ RELS is

cal cul ated., This 1Q produces the vector

HEPREE &t R EERE i nege of Figure 20 19; 6; 5;

4; 4; B rdehtlﬂaﬁad RIRYEreQf mErcaggg ﬁ&khﬁ obt;ap@%wye to
e throu

e u
éggiylng I'gaﬁgb @agﬁeghgd£?ﬁm?hEEPﬁﬁ %HB%n$q%hREQQﬂﬁnant
aolentsor tie itexttrailnpdoperties, or the structures of the

dominant zones of the image, can be applied equally well
to the entire image or to portions of the image.

There follows a brief description of the process
whereby a document can be segmented in order to produce
image portions for characterizing.

In a first possible technique, static decomposition
is performed. The image is decomposed into blocks with
or without overlapping.

In a second possible technique, dynamic
decompogition is performed. Under such circumstances,
the image is decomposed into portions as a function of
the content of the image.

In a first example of the dynamic decomposition
technique, the portions are produced from germs
constituted by singularity points in the image (points of

inflection). The germs are calculated initially, and
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- 15 characterizing the i mage and denonstrating that the

rotati on has no influence on the characteristic
vector. This makes it possible to conclude that the
method is invariant in rotatign. As nentioned above,
nmet hods making it possible to 20 obtain for each

i mage the terns representing the dom nant colors, the

t <P rties,-or.the str res.of th
oS RaAe PRRRE ST rin St So% susBad pyroer
\/\Elemalno ehé Bmatly m‘taageumget @qamtts ars Glisklewinhgehe

@Eﬁsf BLLOMS @ndrdfie qﬁscﬁfdlp?e%e?tlte% %EQJE?@%lC&S in

ereby a dotunent can be se
pPEEGELO] Rﬁ‘@‘é‘l%r‘%}i%rﬁoﬁ@o%ﬂra@ﬁ?@r |S,@Bﬁl§ntﬁn0§ thest
pomRsgs! %U@@hﬂh@l&é&:te&h&lé& deconposition is

perfor {/1% S dec osed .into bl ocks with
S or wit Bu‘? ? ?Yatp%ﬁ'ﬁblq tarseét&(?ﬁdoﬁogéﬁﬁ%cmcal

t eehmenuet i oty narhiec 1n®gmrmﬁ31tts airel Suped§ ebnedrmUaderirst

S cu t [ eco
UERRELE oL IR er | TR sS P e RTRSEPch psses
| are feeQrresethplreoi thkasgemmnd der ampoesitiilogrhe3fesired

t BefIvé £USE éjE%§E§tﬂéN¥éé@H%dprO%HQEH fEQgﬁgﬁrnﬁ ints are
constltuted by singularity p0|n s in t e I mage (points

FllerAtetitohhe mrergatnslass - caIAcGFLaﬁédl?niF@PﬁqW?nted
ang B5s tdentear &S uheeqEenbhnv /busadpsantlay 08l ¥usrounding
sbmall nunber Jemin and flnally the image points are
FUged WITAE © Ge e VRaving t he same vi sual

pr operThesngist stiegts o) al mettiodepft chpradteeitheg the

POLLS Q0% Ol W%ga%@t Qe Egd bE e to be

aracteri zed. not her tec at relies on

hi er ar%hﬁReaIChaé@gﬁ’F@ﬁléﬁté@n tlﬁepﬁwﬁgémpdl b sa apbufabidy

tor fa, first classes. Thereafter, the points of
each o th1 cl asses are deconposed into mclasses and

so on IMtSIiMIAStEe s PegM 6ikgRbePTOVaELALSRR e tO

meachectht DA ndg - ﬁ:ugllanelemeﬁt:g ilﬁeanaiﬂn@@élt aﬁbxt-émézt@ of

est cl.ass. A_cl.ass reg%esen ted ., by i js cen
y

gr SFavity SandPof ErBSunn‘ér § SHr¥ouhTi API Hoed d
g@@ﬂmwnesqiu¢upmefolloWed by decimation.

To reduce the effect of shifting in trénslation, the
image or image portion is represented by its Fourier
transform.

To reduce the zoom effect, the image is defined in
polar logarithmic space.

The following steps can be implemented:

a) multiresolution f = wavelet(I,n); where I is the
starting image and n is the number of decompositions;

b) projection of the image into logPolar space:
g{l,m} = £(i,j) with i = l*cos(m) and j = l*sin(m);
¢) calculating the Fourier transform of g : H =

FFT(g) ; -

d) characterizing H;

dl) projecting H in a plurality of directions
(0,45, 90, ..): the result is a set of vectors of




The main steps of a nethod of characterizing the 15
shapes of an inmage are described bel ow. Shape
characterization is performed in a plurality of
steps: To elimnate a zoomeffect or variation due to
novenent of non-rigid elenents in an i mge (novenent
of 20 |lips, |eaves on a tree, ...), the inmage is

TS, Ra T Loty i .O#E‘*ng B EREbh otne

i| FBgESBE: i nage portion is represented by its Fourier

transform 42§, T@ai&gi@@lﬁ%etﬂé)%eﬁflf a]T Efcrﬂg@%q_e'ssof

defined in polar [ogarithmc space
sEBpE Bhplpetion %ﬁ%d(me@nrmﬂaﬁw@@@. uRCBRTL S -

wavel etrht, ﬂérmV\f@pﬁeéeﬂtSlﬂdTQsha?earﬂsi %n‘s@ﬁ%t@@dbﬂf kfe
osl ti.ons; praj eCt|On Of

t he. nunbe deco t he
| VabEer neb ‘3&%%‘?%’% Lot P%er&)ms PEl SPrhuPFRIpCEion
lveosém) and j = 1*sin(n); c¢) calculating the Fourier
transformof g : H= FFT(g); d) characterizing H 35
dl) projecting Hin a plurality of directions (0, 45,
90; ...): the result is a set of vectors. of 56

di mensi on equal - to the di nension of the projection
segnment; d2) calculating the statistical properties of
each projection vector (nean, variance, nonments). 5
The termrepresenting shape is constituted by the

val ues of the statistical properties of each
projection vector. 57 CLAIM5S 1. A nethod of indexing
mul ti medi a docunents, the nmethod being characterized
inthat it conprises the following steps: 5 a) for
each docunent, identifying and extracting
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terms tj constituted by vectors characteri zing
properties of the nultinedia docunent for indexing,

- such as shape, texture, color, or structure of an
image, the energy, the OSC|Igat|on rate or frequency

i nformati on of an audio 10 signal, or a group of
characters of a text; b) storing the terns tj

chanagkeri zing the propertles of the multinedia
docunment in a term base conprising P terns; c)

dét eAnitathgd ac haknderi ra mbelt ivesti ad elicqueents , c theepeshod
c [ et it , [

|%§2h§ Eggigg%%gﬁé%@e&}th eacﬁ?conéhhj%%p%%%i§SH§OW§HQ
d&5FHfed to conmbine all terns that are nei ghboring

from ahefpoi shchfdytenedd, RNt IGRANAL LR %t;dt%act%

(o Icula in e tr di st ances bet ween t he

CBefls ity Dbl R Bl wRo 5o ERRERCr St Tk deonsiies
t eEnthe | meitihedizrdodaset ifuro iNdesritigonsulPh &4 Shape,

5 h P=P [ U
pgg%F%ﬁ§P|é£Tgrr %ﬁréké&é%% tgghémﬁge @E% %elnﬁy' the
r epF E5 bRt Een byate meérmqugncn h@fp@rnmtlpn béi ag asdio

disgrabuted 4 ngsugdh o mapakcehat Jrenmg tpat are
farther awgg are to be found in distinct portions P1,

Pm whi P StRFHRI (IR HaIfoseR2ragEeRering cthe Broperties
fofinthe Mu1tei meshie quanidedit BL af reshr vebur bbfpAising P
CONG &t dictionary so as to 30 constitute a binary

trée ih which the | eaves contain the concepts ci of

t he dl@k|@ﬂ¥ﬂ@mxnmhglﬁamaxmmymohumbertweef denfiaed t he

[ I c e dur

Sct&grgéeé%;é Qbrft ﬁgﬁgtmae st ngagtcggehte cEERE S 1
PRevihRISE | TR ddado Funwits; eaﬁli angyipboﬁsthmg ng a

--.fdéﬁ&ﬁﬂ&d'ﬁokﬁﬁﬁbﬂﬁ%ﬂ%lqpt@&m%hghaﬁehr@fn€9§ﬁ§8f§n% from

rﬁ@%esentln the terms of the 58 docunents
th?éﬁr?éfntthﬁéFnﬁh%@SEPéPéchWt h a
fi ngerdr icdlddiatt irgy sipecimbiteikher ef0didtaABeb NBEXWEGN the

net 19089rghng %r?h%aln11 characterized in that

each corcépt Ci FFhgerprint base is associated
W th &ldateramosdogpitihel wgtt Reoiutbemsof; taf mhe term base

into N portions P; (1 = j £N) such that P =P, U P, .. U

- Py .. U Py, each portion P; comprising a set of terms tiy

]
and being represented by a concept ¢;, the terms t; being

distributed in such a manner that terms that are farther
away are to be found in distinct portions P,, P, while
terms that are closer together are to be found in the
gsame portion P,;

f) structuring a concept dictionary so as to
constitute a binary tree in which the leaves contain the
concepts ¢; of the dictionary and the nodes of the tree
contain the information necessary for scanning the tree
during a stage of identifying a document by comparing it
with previously-indexed documents; and

g) constructing a fingerprint base made up of the

set of concepts c; representing the terms t; of the
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No. T in the docunents in which the concept ci is
present. 3. An indexing nethod according to claim1 or
claim2, 10 characterized in that for each docunent

in which a concept c, is presgpt, a fingerprint of the

concept ci is registered in the docunent, said
fingerprint containing the frequency wth which the

c CULS i dent.i t | o of .conce

ODERREntl CEPEE ndfa LS B B o Rhien: 2ogng ated
swaékl ﬁhﬁéh%gp?alwéafrhafcalm sfegsifid dahetrpto.

nmeasur enents between the concept ci and the terns t]

of the docunent that _are the closest to the concept

cP. A1 ARIERHRKi PR HRE HRraHaritey e iany corRaspcterized
clai sRat é@ch2@bﬁbe§$ada@Eethéeﬁthekbﬂlnttb&@@ﬁiéSes

a ste ;9 i i zi ng t he artitiagni.n the set P _of
t%?ﬁ% o) E?ﬁ 1“% %} %55%8 Supbpr| Rf otREMS
cNass@sifi tl(iaSi@curﬁeri\us vxhervéxﬂdlﬁtﬂa)a concaptt 0; reslyswesent ,
the distribution error of the set P of terns in the
termbase into N portions 25 (P11 P21 ..., PN) where
eachAPot PaeRL I Nethashresamdad o kdaimednor) cladm 2s

t@hsﬁaagefme&%qmatclﬁort R G wcuheﬁt hﬁ %EQMt ted
S being such that s = where et = d2(t ,t)]) 1=1 a.

1CPHEPPL | & HﬁePéreﬁspteoﬁnﬁflauraylmép@%ct;% qCaRyy (R 1s
treof seer@drin OﬂuéDIdderd’eerﬂ s3A &S £iABelrpeext n@oﬁ@&bﬂﬂng

r to clal char cterized, in that it
con%r?%%%u?lhceyfoﬁq WG st Z‘E COPLEREC Shp T HY 1 S et
PLa¢nt el s ol ccaneenser niedghboPingntdhP2¢ob8ept )c; in the

dgb SN NGdde, tae det s & jand gleaﬁfvgﬁ! SSE Elmﬁ&gity

are the furthest "apart, corréspon rea
ATRABHERNENGS dFeteerditoea FORCRRLT Cx arnd |t-+he) tfemmseatqhof

tetian dde@heritha el sRe @XAMNLRGEOr8eeneSc¥heLPer ¢ }She

di stance Dki between the termtk of the termti
| ess that the distance Dkj between the termtk and the
ter i jindndnd method becatinggt he taynbhk &9 ¢heims 1 to

P?ftéﬁgkacterized in that it comprises a step of

optimizing the partitioning of the set P of terms of the
term base to decompose said set P into M classes ¢, (1 < i
<M, where M £ P), so as to reduce the distribution error

of the set P of terms in the term base into N portions

. (Py, Py, .., Py) where each portion P, is represented by the

. term t; that is taken as the concept c¢;, the error that is

N
committed ¢ being such that g = EZet' where E §:d(tﬂt

tyeR

~1is the error committed by replacing the terms t; of a

portion P; with t;.

5. An indexing method according to claim 4, characterized
in that it comprises the following steps:

i) decomposing the set P of terms into two portions
P, and P,;
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P1, and otherwi se allocating the termtk to the

portion P2; and 10 iv) iterating step i) until the

desired nunber N of portions Pi has been obtai ned,

and on each iteration applyifng the steps ii) and iii)

on the terns of the portions P. and P2. 15 6. An

i ndexi ng nethod according to claim4 or claims5,

charact e ed| that it incl desotlm atio

starti ngg é ?ﬁw%ls it Pt 14% ?F’l ‘éz'i: IS{\}I} e ofE P
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tjtl%ﬁ d sti = tjePi Ed2(ti, f‘v\,h

r éBI %\%f’% tfan% 58T the BRIMSSHh tlﬂe tt‘?]ré’Pl k2?5ndl the

rEGprec%,velnyl BY €b,andlbyatihgi the corpat, ne the podtion

d .
o5 ok %wr:’ig% él ? é%cgénﬁatfh?xéerrrgetfslﬂtmlé:é’n%?]ﬁeb\é%%?ﬁg

ca’rc
t P2iofathe term base and the process of deconposing 30

the seivP OfedfritRy Yedda )t %'h@l*ia%ﬁg' a%gﬁyeaoﬁﬁhﬂgf‘ N of

unless a StO condition is satisfie -sct
<P?’Fﬁ3é§h%|Pd escPefRepbtatned epred eoit sLade IdrgxGrtion

C&@@ﬂ?iﬁgiﬁﬁelgﬁégﬁﬂlﬂ) anB0i14)ABni BHEXE8EMEESHOLhe
accordi ngog one of clainms 1 to 6, characterized
i POt At Barpose of structuring the concept
dictionary, a navigation chart is pr oduced

i beg ljtt
2 YRl SRR SLAL A% DEg BTLRG Bioselidi s
sSerEE G HRY iGiesl 1§uﬁé@tt éir dachudeer apt@mlmtmntweartlng

desd af dlléﬁ’%%hto%orﬁﬁgﬂﬁs{bs optainee oroHnthl SeStPRLG
criterio I S safi sfi
N terms {t,, t,, .., ty} representing them in order to

reduce the decomposition error of the set P into N
portions, and in that it comprises the following steps:
i) calculating the centers of gravity C; of the
portions P;;
ii) calculating errors €C; = §:dﬁciﬁ%) and gt; =
tjepi
Ejdzﬁa:tﬂ when replacing the terms t; of the portion P;
tiepi
regpectively by C; and by t;;:
iii) comparing et; and ec; and replacing t; by ¢, if

gc; < gt.; and

1 1if

iv) calculating a new distance matrix T between the
terms t; of the term base and the process of decomposing
the set P of terms of the term base into N portions,

unless a stop condition is satisfied with

gc, —€C

%l < threshold,

£c,

where gc. represents the error committed at instant t .
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10 8. An indexing nethod according to claim?7,
characterized in that the stop criterion is
constituted by the fact that the subsets obtained are
all honogeneous with snall s% ndard devi ation. 15 9.
An i ndexing nethod according to claim7 or claimS8,
characterized in that during the structuring of the

caoncept . di,ct i onar navi gat i di cators ar
ddt or i HEASH RO NSt hed (TSN 0 @Ry one of\rlaipsyt to
of .t hbasactE&rbted concEpits ﬁQr(£H§V®UMpaEE(Qf sepuesanisg

a n e
tﬁ@ongﬁ&egf,e&%c@P 1)@}'La)fu Saf l{‘l% éﬁy repr esent a? Fé Oduc?d
tﬁ‘éeﬁaﬁmlm 0n| @é}cléaﬁeee}r%ﬁm:g tegiceiag dvcepratrirgMhe

between &Gﬁce§t§n§ﬁ5§ Eﬁotéﬁbégﬂéw énM %%@ntgglectlng one
gﬁ%esent ative w nat r.i 1 |
C

Bfht PRGER Br 6‘}%‘6”}‘?3&? P tl’h@r d&S&Jr@ét AHEPEReot
eteoeps siof obtweimed rox WMtiilve cdlogul-atiicegivheiwal ue pi
:sgéfsflé - d(u,w) and deconposing the set of
concep % into two subsets Cl and C2 as follows: 30
(ci EAif pi <0 ¢c; EQIif pi>0 v) storing the

'QfQAﬂBiﬁ&Ekiﬁb M&tﬂd&thcdyﬁdlhﬁl%? CEQQE 9558ﬁ%9£8gerﬁzed

C, where pl is the maxinu
|%nt'h%a1fn HienFhA @ritegion ds pﬁ@sa}awt@ét byuthewfact

Jpﬂat F9 722} ﬁﬂﬂﬁﬂé WH td e afaviagat hehobBHEEaEOkSth Nsmall
dlctlonary 61 10. An indexi ng net hod

th
a%% I?Cgalﬁ‘gn o ]aan'i/l DGte of claims 1 to 9, characterized

|n that both the structural conponents and the
OTEIEIA Gl WA RO S s o
t?hﬁ?ﬁﬁﬁﬁﬁﬂﬂe lwﬁ-5@@¢yﬁ@@lnan@hﬁnSthactua}nghofethe

B O N RS HAMET Walli g RTBANSAKS cQF ob-heark "BY€ermined
from a matrix M = [c;, ¢,, «, ¢g] € R®Y of the set C of
concepts c; € RP where c¢; represents a concept of P
values, by implementing the following steps:

i) calculating a representative w_of the matrix M;

ii) calculating the covariance matrix M between the
elements of the matrix M and the representative w_of the
matrix M;

iii} calculating a projection axis u for projecting
the elements of the matrix M;

iv) calculating the value pi = d(u,Ci) - d{u,w) and
decomposing the set of concepts ¢ into two subsets C1 and
C2 as follows:

¢, €EClif pi €0
{ci ecC2if pi>o0

v) storing the information {u, w, |pl|, p2} in the
node associated with C, where pl is the maximum of all pi
< 0 and p2 is the minimum of all pi > 0, the data set {u,
w, |p1|, p2} constituting the navigation indicators in
the concept dictionary. '
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al ) boundary zones of the inage structures are 10
distributed into different classes depending on the
orientation of the local variation in intensity so as
to define structural support.elements (SSEs) of the

i mage; and a2) performng statistical analysis to 15
construct terns constituted by vectors describing the

| ocal properties and the gl obal properties of the
structural support elenents; b) while analyzing the

t det-uPal iodapongnistindd tdecor diage: t @Gt )orﬁebéct:ilagms 1
ang, @erk%%eaeméﬁﬁ'@aa%@@r&?ta{é Z.sackt)zl R

purely ran on1conEonent etectlng
af@"PEREBE /i AR pRhane R koMt 4okt eqalz?atatmc@ﬂral

pebmgdhént‘;@n'@@ﬁéﬂlt@lfed hey Iﬁ@@%ext&f&ra&ln @o%bn@%:gcbfn n

d n aranetric racterlzatlon of
APaBE! GRLPhEARSIATT [ o naas ek gy sPRG t he

set ofadewhnnptamelgifm@rﬂhe(ﬁtﬁdutuﬂamagﬁmm@nanthbEedhe
né .of concepts constituted firstly 30 by the

ter descrlblng the |l ocal and gl obal properties of

structural 8lpporindieyrernnemdsadmndinadsy sthrectures are

p@ﬁ.@ﬂ?lﬁﬁ@e@flﬁﬂf@ PR RIRITH G icharac eaaah nOfnkhe

randgo eriodic, and directional co onent ef I ni ng
tﬂElelfq)&?h?%m%o%ﬁé?ﬂesl erigd iopade: 1akensity) seoas to
eaghidecst®ndtuttel i Nipipra fd1IRgRME NissikdMort BRe image;
ogcurrences, the positions, and the frequencies of

saird concepts. 62 11. An indexing nethod according to
claim10, eharpetdriviedy igtathiattitdad lag@dlyspeoperti es

K
Of b Beru st HIGHH Al ARSI PLITRALS LAKBICLILR o tne

consi derati on ternms conpri
| +aGR L tPecRRIPpRe anghddie gélo@@tle@rbp@mtanenggt the

| sp@EcSEdl PeipcriC Wikedn@lG, the length and w dth
di mensj ons_ of the support, the main
b) while analyzing the textural components of the
image:
bl) detecting and performing parametric
characterization of a purely random component of the
image;
b2) detecting and performing parametric
characterization of a periodic component of the image;
and
b3) detecting and performing parametric
characterization of a directional component of the image;
¢) grouping the set of descriptive elements of the
image in a limited number of concepts constituted firstly
by the terms describing the local and global properties
of structural support element and secondly by the
parameters of the parametric characterizations of the
random, periodic, and directional components defining the
textural components of the image; and
d) for each document, defining a fingerprint from

the occurrences, the positions, and the frequencies of

. said concepts.
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direction of the support, and the shape and the
statistical properties of the pixels constituting the
10 support. 12. An indexing nmethod according to claim

10 or claim1l, characterizegd,in that the gl obal

properties of the structural support el enent taken
into account for 15 constructing terns conprise at

-l east the nunber of each type of support and the

spatial disposition thereof. 13. An indexing nethod
addor dnngntdexiny oachod atedrdimkd ta @lddm 10,

Chanhagkeri2edai fnthale dgﬁé %&ﬁa?é%p%&f ALY Zche
structural _conponents of the inma rior tes
p&EGFREgat OSH%E’%E‘{— RIS d%ah%gtnt@n@ognsm@mﬁéons for

pb@&@ﬁkubﬁlh@etéﬁ!?@ecorﬁiﬁh_dlé@ dthe ahseree SLpRBYt types
hod passes dlrectly to the step y?

SREILEERRS EHaR ARORaE "R orrn S I0P ORosi hguedbaryy, the
Aﬁengdhxang wid tho i Fresros iy 4 ta:nay sapeoet , ckaemmalf

ﬁ%gctgaﬁrsfta% %%gpeé&é h%% Ofgrrg teloﬁgl cgppose

zones i 'helge s ruc ferent
c$5§§é§t1§¥brE¢¢QF#¢kﬁﬁtQﬁathynuxa@@ congeidetingdthy
t BepgOrset of pixels y(i,j) where (i,j) el x J, where
| and J designate respectively the number of rows and
t he nunber of colums of the inmage, the vertica

gradi ent ind@ging §wtihdd aden@ifiy ith elhix doasé I:ﬁJ&lm 11,

DERRESRL AL AL Nnad THE dlar) belpbReles] helehe

depeudtu@ﬁknsupppﬁuxaﬁen&nuemmaEmonntofabtéugtaﬁbent

' @5ﬁs§rlﬁéﬂr§%ﬁlt{%ﬂ?ﬁ cerflpr‘?L%lt'—_" disyan tGEhgl %Peeach

i mage cont al entation 0O |en

b’ém@ ffefSHERPHlY arise témama@naloclllswsﬂam thﬁreof
rgh(i,j) LLgv(i, j) the classes constituting support

reglons likely to contain significant support
%%D@eﬁﬁtﬁ% 2c5REding tReaBY¥sPEeopLt paims 10

Sty Pz £ dhﬂﬁdﬁtﬁrﬁyaaﬂthQQBt fuppagt angl pEEBL 6f akRe
dgt frat et andondened ysiag eredetermned o g
performed to detect whether at least one structure is
present in the image, and in the absence of any
structure, the method passes directly to the step of

analyzing the textural components of the image.

14. An indexing method according to any one of claims 10
to 13, characterized in that in order . to decompose
boundary zones of the image structures into different
classes, starting from the digitized image defined by the
set of pixels y(i,j) where (i,j) € I x J, where I and J
designate respectively the number of rows and the number
of columns of the image, the vertical gradient image
g,{i,j) where (i,Jj) € I x J and the horizontal gradient
image g,(i,j) with (i,j) € I x J are calculated, and the
image is partitioned depending on the local orientation

of its gradient into a finite number of equidistant
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criteria. 10 15. An indexing nethod according to any
one of claimse 1 to 9, characterized in that while

i ndexing a nultinmedia docunent conprising video
signals, terns ti are selectegd, that are constituted
by key-images representing groups of consecutive
honogeneous i mages, and concepts ci are 15 determ ned

b in ogether terns ti. . 16. An indexing od
R R L R S AR S T
t gradienti heikeyde ibiged bicdist idquEitigrt:erns t:,, a
score vector SVis initially 20 gefighat onprising a
set of elenents‘SVCﬂ)J)repﬁégeﬁ@nt{geiogﬁ%he
difference or sinilarity between tHE (&ohtlent of an

| GRgecDhshagexonsentut 1y G dlegdng MRGE19f chndex
i-1,.and the score vector SV is analyzed .in order to
QBPRFATR S KEYT HRs TR e SURTSHOR 66 35CRR hifhs and
obnt hiee Vb sies of HHEB&ﬂpﬂﬁﬂﬁSYd@ﬂ@db,O%ighefSQahelsupport
v : . lLhdexi d _according_t ai m
|EEERERSY aqd oL RE L B fR Byt AefePh e
cBhsteered 30 as being a key-image if the value SV(j)

of the corresponding el enent of the score vector SV
is_a maxj mum_ and the value SV(j) is situated between

t W Nt MRS ARIMedRE AGTRIARE P eR¥ ARAI AfinFlaims 1

sticho | hetiaMletedi 26 idn thaithkvhi 1ESYOExing 8R1t $media
greater gQ9n a given threshold. 35 64 18. An indexin

Net ROG A COrdi g 1 Ay Gh &1L Pai AETTS Fo &Fe selected
characer icedktiitutest whikdey -iindgrengepraubht iRgi groups of
ngﬂggﬂit- A ' on S cyne i's
sanpl ed alng gec“gé os?eggj“l %fn%%g?'énég& \%ﬁl}lggpgrga%’esa are 5
stdseguiard i raumped-ndo feokshernterwki ps- each bei ng
characterized by a termtj constituted by a paraneter
vector. ,19. An indexing nethod according to claim 18,

16° cHdt dAtEPH260 NS HORaACEOFFARE EBnpLRsBslabout 512
sapteesetizabaul tha@48nsamakestcof abheraanp! réy aldhdes
q9%¥ q}..ZO. An in%exing net hod gecording LO.CLaIT 18
orO C%%‘I I'H ,g terms j¢ &78BCOre veccor V is initial Y
generated comprising a set of elements SV (i)
representative of the difference or similarity between
the content of an image of index i and the content of an
image of index i-1, and the score vector SV is analyzed
in order to determine key-images which correspond to
maximums of the values of the elements SV (i) of the sgcore

vector SV.

17. An indexing method according to claim 16,
characterized in that an. image of index j is considered
as being a key-image if the value 8V{(j) of the
corresponding element of the score vector SV is a maximum
and the value SV(j) is situated between two minimums minL
and minR, and if the minimum M1 such that M1 = (|VSg, -

minL|, |SV(, - minR|) is greater than a given threshold.
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'prede rlndgﬁl Val fesie

characterized in that the paraneters taken into
account 15 to define the terns tj conprise tine

i nformati on corresponding to at |east one of the
follow ng paraneters: the enggpgy of the audio signa

‘frames, the standard deviation of franme energies in

the clips, the sound variation rati o, the | ow ener gy

ratio,_the rate of 20 oscilla |on abo
e RSt SAtSaA Ph FAAins 1

about.achardeterhieddivaihas; vtl‘rnéLednﬁfcmmmgea befwtmadia
tH%cﬂh\@H%"c%??%iﬁ% a&@%r n?qsorfmvse %@}%hlaglcﬁ}@(en{:hfs

mean oscil on ra or t ranes Of
t FeMPARHanBe BeComROwRtiInta ifnanes e whilgh rfé?tim@Soﬂre

Sbhbﬁbquaﬁtifa@ﬁﬁupéﬁ-tdﬁbﬂﬂ@&ﬁ&hﬁﬂ)Qﬁh&@ﬂe@%ﬁobghﬁg to

of , cl to 20, characterized in that th
psﬁaﬁ%?‘é%l? @éﬁY i %t‘berf%\cteoﬁﬁfISFe;FuH%fiu hyng PR 4
t yecoapti se frequency 30 information corresponding to
at | east one of the follow ng paraneters: the center
of gravity of the frequency spectrum of the short
Fo8ri &n indeing megthachaccaudiimssitgnallaimheshandwi dt h

OfhhPgcobEl fo 81 g0alhatl e fﬂaﬂ%e' %o%gn‘e&’%‘é@ BBSuE”EiSysérgples

a frequency band to the tot Int
fF%q%%Wé“y 1P o?antm@%aaﬁmt@@ We%ﬁgﬁap degememin

val ue of spectrumvariation of two 65 adjacent franes

| eha CROE AR g o iy GRoCIFLEl AP net 18latn 19,

t chtactodvai zesd eiri 2dchti Ithtel’]@hr’ahle.taasaﬁakeﬁ31ha&ie@cd:@ﬁ1®t
EE U0 (AL C il e, EobBEIRe L fe T S gt o

ener gy odul ation at ndexi ng
a‘é‘é@?%ﬁl?@lcilé“@arﬁp Gite lestl sngsof the folldwing

A gedid o ﬂ%ﬁ’gyt he %ﬁ@psafi% eaghgﬁgfr%eé the
yze a)

ocurrent are anal usi n | ow ng s
PTG gﬂ%%‘qwsafutfuréwef @Pﬁéﬂéeswndébﬁnﬁ H@-‘ﬁf e

tdeundrege:idy)igdefdatiieg the ues&g@nta@ggokatlbog@métM@ of
resenting the I mage

e o REFOFTaRRaRn rhlue, Jtnd nldR Yace of

osc111at10n about a predetermined value, the difference
between the number of oscillation rates above and below
the mean oscillation rate for the frames of the clips,
the variance of the oscillation rate, the ratio of silent

frames.

21. An indexing method according to any one of claims 18
to 20, characterized in that the parameters taken into
account for defining the terms t; comprise frequency
information corresponding to at least one of the
following parameters: the center of gravity of the
frequency spectrum of the short Fourier transform of the
audio signal, the bandwidth of the audio signal, the
ratic between the energy in a frequency band to the total

energy in the entire frequency band of the sampled audio

- signal, the mean value of sgpectrum variation of two
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d) characterizing the Fourier transformH as follows:

dl) projecting Hin a plurality of directions 20 to

obtain a set of vectors of dinension equal to the

proj ecti on novenent di nensionggand d2) calculating the

statlstlcal properties of eacﬁ projection vector; and
representlng t he shape of the inmage by a tern1t|

I f h
R A DL BT B By o o

Cllp

22. An indexing method according to any one of claims 18
to 21, characterized in that the parameters taken into
-account for defining the terms t; comprise at least energy

modulation at 4 Hz.

23. An indexing method according to any one of claims 1
to 14, characterized in that the shapes of an image of a
document are analyzed using the following steps:

a) performing multiresolution followed by decimation
of the image;

b) defining the image in polar logarithmic space;

¢) representing the query image or image portion by
its Fourier transform H;

d) characterizing the Fourier transform H as
follows:

dl) projecting H in a plurality of directions
to obtain a set of vectors of dimension equal to the
projection movement dimension; and

d2) calculating the statistical properties of
each projection vector; and

e) representing the shape of the image by a term £y
constituted by values for the statistical properties of ~

each projection vector.




