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1 A METHOD OF INDEXING AND IDENTIFYING MULTIMEDIA
DOCUMENTS The present invention relates to methods of indexing and
identifying multimedia documents. From a general point of view,
identifying a 5 multimedia document cojmprises two stages: a so-called
"indexing" stage during which attempts are made to characterize each

dogument of a,preyigusl Née%?&%e fatabase st %Erﬂij?‘?ﬁﬁﬂg}?eBS&L’iWENTs
parame‘t(-;-rs that can subsequently be stored and manipulated easily, 0 :
and a So€alledBRafchl STAgE iAWhiER foll6Wing @ Fequest indde By dsx1ng
usef, e.geto-identifya gueryimeages adsearehis.made for all multimedia

documenis,{nal ae. similar g hat satisfy i, request. Ls-Numerqus
methods already exist for'indéxing images that rely on extracting shape
ditribttéefom SHjELS Emakirig i tieSimageS if Sny? fogether with

attributes for sthe dextueelof’ thedsackgrdure; of thelimage; Nevierthelessempts

know %@GH‘% Q%Pé%gbf&%% %@;éé?hz%?%%ﬁ%%lgélﬁegd% Ef&?;j!%\@y_%/
processing.a very large amount of information, thereby leading to
CORBISIE itk oiGsS Mt BcBsdig therimfoPaRon: EnoaIRER S

thé present inventiod seek 16 rémedy cthehbove-mentianetdrawbaeks 1v:
anhgkto provide a method of 25 general application for indexing and

dentifying multimedia dacuments, the method rafionalizing the. o, -
processing and iea ing fo processing times that are muc Shorter, While
iHEIEasing the duality of thé $ésul’-ahd Heir FEHRBRIGY thushfakihgiiage, @
possibie inipartisylar 3010 proceedlwith effectiversearehes basedoare
coptent.-Ip accordance.with airstaspect gf thednvention, there is

provided a method of indexing multimedia”documents, the method being
charact&HF&d mthal' "Eotfiprisesthd 4811 5wing 'stéps- 358 Bach Mades
dacament, lidentifymgtand-extractingape attributes from objects

making up the image, 1f any, together with attributes for
the texture or the background, of the image.

Nevertheless, known methods apply in fields that are
very specialized or that involve processing a very large
amount of information, thereby leading to complexity and
‘slowness in processing the information.

Embodiments of the present invention seek 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
thelr reliability, thus making it possible in particular
to proceed with effective searches based on content.

Irn accordance with a first aspect of the invention,
there 1s provided a method c¢f indexing multimedia
documents, the method being characterized in that it
comprises the folleowing 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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terms t constituted by vectors characterizing properties of the multimedia
document for indexing, such as shape, 2 texture, color, or structure of an
image, the energy, the oscillation rate or frequency information of an

audio signal, or a group of characters of a text; b) storing the terms t;
characterizing the properties 5 of the multimedia document in a term base
comprising P terms; c) determining a maximum number N of desired }
COREEETonThinMy the mEstpETimer temét, wheReN is %n tégery - the
less-thahaR, with eaclks comcepteiibeingylOldésigned toocombinenalbtefims
that-are:neighbaringfrom the point-afMiewof their charagteristics; d)

calculating thg matrix 'I;gf distancestbetween th% terms t; of the term e
base; et)!j eCompdsing the sefPof terms ]il;ao]??ﬁe terii base into RE®T -5
porticHsPIAL<INESEctharPea P, P2 | L¢Pn. be PN, @aeh porticrs PF
cesmrising a set of terms t..; and being represented by a concept c,, the

terms t1 being. distributed in_such er that te farther

ey 2l o b ToL e e b PR WS sthieres atare
cR58er Wgetherare! o B¥found ifCthe B&meduttion PRI Srlcturifig® s N 18
concept-dictionary se asnton constitttera binary tree drwhich the:leayes

contain the, concepisg gkthe dictionary. apd the podes of the fre€ 23 o,

contain the information necessary for scanning the tree during a stage of
idefifiRg A dStunent'by Cormparing it Witk 6%&/?&%%—‘ﬁ?ofexed
documents;@ndog) constracting arfingeiprint base Made npof tine tsetoft the
coneeptsic, representing the terms.t, of the 30 documents to be indexed,

each dogument being associated it g fingerprint that s spegiic therelo,.
More parﬁcu aﬁy, éach concep?m Sfthe flngerprlnl%lsoas’e maytbe
assbeiated with addta Bet contprisirg the such that P = P, U P, . U
P, ..\ Py, each portion P, comprising a set of terms t,,
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
same portion Py:

£} structuring a concept dicticonary so as to
constitute a binary tree in which the leaves contain the
concepts c¢; 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 beling assoclated
with a fingerprint that is specific thereto.

More particularly, each concept ¢, ¢f the fingerprint
base may be associated with a data set comprising the
number of terms No. T in tThe documents 1n which the
concept ¢, is present.

In some embodimentsgs of the invention, for each

document in which a concept ¢; is present, a fingerprint

i
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number of terms No. T in the documents in which the 35 concept cj is
present. In some embodiments of the invention, for each document in
which a concept c is present, a fingerprint of the concept c, is registered in
the document, said fingerprint containiﬁg the frequency with which the
concept c., occurs, the identities of concepts neighboring the concept cLL
in the document, and a score which is a 5 mean value of similarity

méasutements b&tveen the &Sitcept Hiftfthetefms t SPHEESEUMERt that
akeé the closést: tothetedncepy . iAdvantagesusly, the-metiiod:-according

te @mhadiments, of the invention may ¢omprse a step, ot pptimizing;the. r 1 ng
lt pargti%nig Of (t:he set E.,q of terms Igg ma term base 10 d?ecom[?ose said
SEt P ifito M classes a(l & 2N here M _i’),sgooagtc‘)“lféagu%e”tﬁea

distaBuficn-efoPéf thelset I bt teriRinthetemt Base irife N psftionsoncept
(BLl, £21 4R") cwhere each pottion Boisuepresented-by the term tethade st
15 is take oncept c" the error that is committed e being. such

that a%= %t%v%%%%é%:%ﬁd‘(t;,t,) is the error committed by replacing the '
terms t: %ﬁ@ﬁ@%%%' ti- BRJBE St cifcrmstaneds, the Regments
mdy comptise 20 the fallewing-ateps:siy deceamposing the setP of terms e

into.tworportions, R, and.R2:di) defermining the twe tefms t-and t, ot the.
E%P that are the furthest apart, corresponding to the 25 greatest

SREE B F RFdistatice matrix T if) for 83GHT term tkl of the'sex Blr Where ¥
exaniningctoseet whethirthe distances Dk Between therterm tk0f the set P

term t.oisdess thanthewdistansce Dki between the term,tk and thepterm t 5
ar}qeigf %o,eallc catingﬁ%heoterlipl tk to thgé)ortion %0 P- and otherwise

amocatlng fhe tefm tr to the |6orjtisc3)nr FEARG v E?tcelrrllotiyng &%p%)eﬁﬁ%il%hethat
desired feimBer N concept c¢., the error that is committed g

3
being such that e= Y e, where = = » d’(t,,t,} is the error

b=l L £.85;
committed by replacing the terms t. of a portion P, with
t,.

Under such circumstances, the method may compriss
the following steps:

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

11) determining the two terms t, and Ty of the set P
that are the furthest apart, corresponding to the
greatest distance Dy of the distance matrix T;

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

iv) lterating step 1) until the desired number N of
portions P, has been obtained, and on each iteration
applying the steps ii) and ii1i} on the terms of the
portions P, and P,.

The method according to embodiments of the invention
may be characterized more particularly in that it

includes optimization
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portions P has been obtained, and on each iteration applying the steps ii)
and iii) on the terms of the 35 portions P1 and P2. The method according
to embodiments of the invention may be characterized more particularly
in that it includes optimization 4 startin‘%] from N disjoint portions {P1, P21
..., P"} of the set P and N terms {tl, t2, ..., t5} representing them in order
to reduce the decomposition error of the set P into N portions, and in that
iCCamprides theFBllowiy steps s i Ralctidting the certers of gravity 'Ci'ot®
the tpditiens! PY i €afctllating effrors ¢C,=% Xd2(ELt)cared :8tin gieFh ditl by
vm%t_ lﬁ_gpfi_?pi@@&h&;t@rr&?é, %%@@neﬁggqr&lfmﬁ Etfg:é%csra_%ptiygu bt;@@ gnqnto
I; 10 iii) comparing sti and sc. and replacing t; <if. sei <cti; and jv)
i S oo s 1 DETRan RE “eriiS t o s r bt
and the pro€éss afiddconipdsity TRa ser P of fergiisiofithe teemdfaseiato
N pertionss 15 ynless a stop condition is satisfied with < threshold, ec,.

where cot represents the etror copyaitied at instantt In prder o facilitate
searching and identifying documents, for the pirpose of structuring the

A

Cgﬁpl 20 digtionary.a pavigation chartmay b%P@@“‘E%%“EL@P%'&!rP%
eLJ 2l

iteration, beginning by splitting the set of cohcepts into two subsets,”

apgstgg{qé%lfee ingboneC _sugggt an each iteration until the desired number
of groups’s o thined o until a sl%p criterion is 25 satisfied. The stop

criterion-may BePEBHstitdtEd By tiigifacic: and replacing ty by €. if
ec; £ sty and

iv) calculating a new distance matrix T betwesn the
terms t, of the term base and the process of decomposing
the set P of terms of the term base intc N portions,

unless a stop conditicon is satisfied with
EC. TG threshold,
£c,
where gc, represents the error committed at instant t

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

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

More particularly, during the structuring of the
concept dictionary, navigation indicators may be
determined from a matrix M = [c,, Cy, .., Cy} € W™ of the
set C of concepts c. € M, where c. represents a concept
of p values, by implementing the following steps:

i

1) caiculating a representative w_ of the matrix M;
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that the subsets obtained are all homogeneous with small standard

deviation. More particularly, during the structuring of the 30 concept
dictionary, navigation indicators may be determined from a matrix M = [c,,

c2, ..., c5J e 9r of the set C of concepts &; e 9?P, where c.. represents a
concept of p values, by implementing the following steps: calculating a
representative w_of the matrix M; 5 ii) calculating the covariance matrix
betweenthé eférhEHtsTOTRE nhdFix NP SHa the Fepraakhtafivelly SFtHesen the
mafrexien iy calcutatingra projectioraaxis whtor pegjeeting Sathevelemenis the

' ofthe fMatrix M; iv) calculating the value pi = d(u,Ci) - d(u,w) and

decompo,sjng} the set %f concepts C intp two,subsets Cl and C2 as . ,
follows: (¢1& CIfRi<" B id @€ 25t BrS 05T v) &ofig thelinformalioR 16 v =9
Jpthp2k ketien hede hssociatat with ¢l where pl is the maximum of all pi
<_0 andir23 L&t&l@dﬁt&mmggfcaiépba@uﬁlepqata sgt &{Mcm pl, B2k, w) and
constituting the navigation, indicators in _the concept dictionary, 15 In a
e Y S e e oo hBane AP rs Tt and
complefnerftd 6P¥&id structural components constituted by the textural
components of an image of theoegufientfaneiafalyzed, and: a) while
analyzing the structural compohentg of-the: 20;image: al) boundary zones

of the image structures are dist i classes depending on
the orientatiets of ieylochkevarndtimmiatntensity:soas topdefing strudturalhe

suppext elements ebtheimage; ang25-a2)perfarming stafisticalanalysis: i
toSC(anSatrrlLéCthmgssCg?l%tltr%g,ergi%f\éeg rsaé SCp”E |n>g E}h,e the data set ({u,
w, |pll, p2} constituting the navigation indicators in

the concept dictionary.

In a particular implementation, both the structural
components and the complements of zaid structural
compenents 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 ¢f the image structures are
distributed into different classes depending on the
orientation of the local variation in intensity so as to
define structural support elementsg of the image; and

az) 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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local properties and the global properties of the structural support
elements; b) while analyzing the textural components of the 30 image: bl)
detecting and performing parametric characterization of a purely random
component of the image; 6 b2) detectiﬁg and performing parametric
characterization of a periodic component of the image; and b3) detecting
and performin% Earametric 5 characterization of a directional component

of the image: Y grotipiit-the et UF GeBErptvE eIe eRfs 6 ifie fintage in
alimited hambet of coneepts constitated-firsty by thetternis describinge

the Jocal and global properties of structural support element and secondly

by the 10 parang(e}terg %f th% Pgrargegic chg%%cterizatioglas 081‘ Htlg% rl‘:rE:lCI‘:ldom,
periodic, and wectio%alec%mp(%en?s dgﬁning the "tExtural components of

thE fhagésanddyforeaeh doctiment tdefiting & fRgerprint frofm the 1mage;
occurrences; tbe postionscang:thefrequancies-ef: b said-eencepts £ the
%%Yﬁrgéa%?ug'yéﬁhﬂ% | propedties of tQSmEté%CégraééH%%%r{ Elcei%%e@' rstly

taken’into consideration for constructing terms'may comprise at least the

fppbrtetypesseIstied from-amongst a fiédr P oF & PIORFE tRES
lerfgth andowidtta dimensions okthensuppost;: thes enain directign ohthe
syppor-and the shape and ihe. statistical properties;of the pixels, ¢ he

constituting the support. The global properties of the structural support

Z5elaffient Bakeh nts accbimnt for'donstriictimg Erme ey Conmprse at S 1€
|éa@st ithie almbenof each sypefofidupporeand thegpatial disposition

thereof. Breferably; during analysis ofdhe struetiral ringerprint from
the occurrences, the positions, and the freguencies cof
sald concepts.

Advantageously, the local properties o¢f the
structural support elements taken intc consideration for
constructing terms may comprise at least the suppert
types selected from amcongst a linear strip 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 constructing terms may
comprise at least the number of =sach type of support and
the spatial disposition thereof.

Preferably, during analysis of the structural
compeonents of the image, a prior test may be performed to
detect whether at least one structure 1s present in the
image, and in the absence of any structure, the method
may pass directly to the step of analyzing the textural
components of the image.

Adwvantageously, 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,3) where (i,7) € I x J, where I and J designate
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components of the image, a prior test may be performed to 30 detect
whether at least one structure is present in the image, and in the absence

of any structure, the method may pass directly to the step of analyzing

the textural components of the image. Advantageously, in order to
decompose boundary zones 35 of the image structures into different

classes, starting from the digitized image defined by the set of pixels y(i,j)

WHETBREY €%, WhEre FRnE S desigriaté 72 Febpelhively g humbefF of mas
rowstamed theawmnbertof columns f the arage, tthe wedicah gradient imhage:
av(i) wheree hx Jrandithe horizontal gradientimage af(i.j) with (L)-g 1, 5,
Jem?y ercanlﬂcula ed, an (t:tgﬁlrrtlae maéci)etégagtltlongdhdepe_ndlng on

the local Qrier?t}f\ti 1 of its ‘gra‘alen Int6 "afini nurﬁlsgr ofnéaq\.{li&igtant .

drasses tthen eantdiiing tHe arigmtation of thieadradicht beigl imagé 1ts
defined Hytheeguation:irgh €.)AuhbOfi.b = argiam gy {eiNtlQthesses, the
classes CQ&?E% 'HgnSEPER(% regions ikely to %O{t%'ﬁes' nificant support.
eleménts may be identified, 'andlon the basis of the support regions,
siGrificst SUpporfel@fiEhts ffay be determined and indexed using
predetermined criteria. 15 In ggrrqeé_emtiddim nts of the invention, H:ue

shapes of an irhage of & doctmen gayihe aralyzed using the fcg 3Wing
steps: a) performing myl_tiregrq,lution followed by decimation of the image;
206) Gefitintg the ibge-inpolafo§EATC shace: B reptésentingthe

queny image o imdge pottioaiyp its FoutientansformyHod) chdeadtéfizing,

the fFoyrier HansfeEMH 88 the support regions, significant
support elements may be determined and indexed using
predetermined criteria.

In scme embodiments c¢f the invention, the shapes of
an image of a document may be analyzed using the
following steps:

3} performing multiresciution followed by decimaticn
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 c¢btain a set of vectors of dimension sgual To the
projection movement dimension; and

dz) calculating the statistical properties of
each projection vector; and

) representing the shape of the image by a term t;
constituted by valuss for the statistical properties of
each prolection vector.

In some embodiments cf the invention, while indexing
a multimedia document comprising video signals, terms t,
may be selected that are constituted by kev-images

representing groups of consecutive homogeneous images,
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follows: 25 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 30
e) representing the shape of the image By a term ti constituted by values
for the statistical properties of each projection vector. In some
embodiments of the invention, while indexing a multimedia document
CONTPIisHLFGitES signdlé Yterfhs4e %%Wé?%% Selected that &ve constitafed
by=keysimages representing groups of consecutive homogeneous images,

8 and copcepisL-may bedetermined by groppingtogether sterms tdn « o 1y s
order to determine k(ra%/-lma es constituting terms _ti, a score vector SV

ray be iRy g&fiératéd 5 cdprisitig a'set ofeleinentd 834 ©
represeatative of tise différencene sinildrify betwearrtheccomernitof ant the
image-0tindex hand the cantent,otan image ehindexirdzand the:scoigage
vector ﬁ%é may bea %galy%eed in %Ldgr %o ggtermiqem keg-ir@ng:lge?s1 h}j{c
correspond to maximums of the values of 10'the eldments é\/‘%{lv of
sebfe VERABESVEMoOTE patticiiatly andmagedtindéx hag beltis determine
Coasideretyas belng-a key image ifithe valuesSVGl.ofthe fcarrespending: of
SLement dhibe sgows,yaglop SVia 2 maxpum Angineypue SVU) may be

situated between two minimums 15 minL and minR,; and if the minimum

MI such tRAEMP2 T ISV 32 L IinLE SV D2 FRinRY) isyr&ater thdird given' S
tesholde Refurming-toiindexing eymidtimuedia document compésing ) avdiothe
C@HM@@&.&@%90%‘1%85@%@%@@n@@gﬁ‘%@%@@@o%@ Q5 x5 mum
frames, which frames are subsequently, grou (g]l together into clips, each
ity Gharadtetisgd By = el Y CBRSUTAIRE DY A pararHERE: velfor™: » s

minl and minR, and if the minimum M1 such that Ml =

%i;, and

(1SV@} - minLl|, \SV@} - minR|) 1s greater than a given
threshold.

Returning to Iindexing a multimedia document comprising
zudio components, the document may be sampled and
deccemposead into frames, which frames are subseguently
grouped together into clips, each being characterized by a
term t; constituted by a parameter vector.

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

Advantageously, the parameters taken intc account to
define the terms t, may comprise time information
corresponding to at least cne of the feolliowing parameters:
the energy of the audio signal frames, the standard
deviation of frame energies in the clips, the sound
variaticn ratio, the low energy ratioc, the rate of
cscillation about a predetesrmined value, the high rate of
cscillation about a predetermined value, the differsnce
between the number of oscillation rates above and below the
mean oscilliation rate for the frames cf the clips, the
variance of the cscillation rate, the ratic of silent
frames.

Nevertheless, in alternative manner or in addition,

the parameters taken into account for defining the terms
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A frame may comprise about 512 samples to about 2,048 samples of the
sampled audio document. 25 Advantageously, the parameters taken into
account to define the terms t, may 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 30 viriation ratip, the_low energy ratig, the rate of

0

eﬁlg IS AbSEIES Pedetsiincd valdé SREHi a3 ot T BEIRRdN about
apredeenaiddvalbe, the diferdhcenbetWeenthe frnidiseriofoscillation

raias akeve and belew dhe rmeanfosgilation yatefor the framesaidhe

cls, 1ne 35 vagange oL he osgllation tate, the rato of sent, franes, o
Nevertheless, In alternative manner or in addition, the parameters taken

intd GBEount F6LAERAIAY 1HE Terfis 91E aBivdritag8ddsiy contpiserat io
freguereyninformationr gorréspending 4o akleasbane of the fodlowing:

paramefers; the fenter of gravipy.of e frequengy spegiium,of e shart 45 o,

Fourier transform of the audio 5 signal, the bandwidth of the audio signal,

thie &8 betwde i endtgy n GfretRinty Wandds thé taal @nerdfin
thedentireriteqireavy band of thé sampiéd aodioo §ifjnak ¢heenean vdlue of
spagctpim variation of two adjacent frames in a clip, the cutoff frequency of

alo cIipMMore ﬁart{'_—cular{% t?e pa{%rgeters taken into gci{ount .for definin

the terms T ma (‘%mpl)ﬁ%le At Teast eneré?/azﬁ%naeuﬁaeﬁ'ﬁosn a ‘ﬁ%rt%?ﬁ%).acc nt

Offsar crfastenstidsiand auvanfagdsrof tRemPS irentibn sppehr AoaT the
follewingzdesetiptionofhpatticularimplementations, given as examples
and with,tference o e aceampanying raniigs, udich: Fgure 1 is a
block diagram showing the process of producing a dictionary of concepts
fromvsabeGmefFEs8e from the following description of

particular implementations, given as examples and with
reference to the accompanying drawings, in which:

Figure 1 1s a block diagram showing the process of
producing a dictionary of concepts from a document base
in accordance with the invention;

Figure 2 shows the principle on which a concept
base 18 bullt 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 varicus steps
of building a fingerprint bkbase;

Figure 6 is a flow chart showing the various steps
of dldentifying documents;

Figure 7 is a flow chart ghowing how a first list
of regponses is selected;

Figure 8 ig 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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20 in accordance with the invention; 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 25 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 30 of building a fingerprint base;

Figure 6.is @ flQyy ghart shoyving the vadeus stepsielddentifyingricus steps
doguments; Figure 7 is a flow,chart showing how a first list of responses

is selec}:(ted; §§ f—l@ure 8BS a tﬁ)w chart s%owmgqthe vatious steps ina

stage of indéxdHg totdmbnts irfaccoidin SaiWith thé imetHdttofthecess of
investiapo}A riggure 9isigdlovhehart shewingithe atiousstepsatous;

eXtraC“”_g,tﬂ'#]ﬁf’&%eriqu,%sﬂ“gsiﬁlﬁfgfaéh@%“r&é‘a%ﬁl%_giac%a%ages
summarizing the process of decomposing an image that is regular and

hERTeMROUS; S HiGGRP L RSBl itEE'€R-Mples of images
containing Bifferertstypés of eleéméntshdmguespiactovidfishon example of

rea%p%yyglyme&ma'@,ofaﬁnéazmﬁémase 3R expaple gktheimage

after rocessmgct%km account of t ;gr%dlent m@dulus, an four
e?g%p?essséﬁ%agaéslﬁ c8SSed With Uis aﬁtliﬁﬁ 1 holinda §On3§lgf
tHeolageiamgies 188 sHowdea fibstes@AfRe o Ahimagemasithinigy ohethe
diseciienatelemmants HgutdSakisp=3D view of the spectrum of the 15

e S S 205 LSADRE A4
centaining one directional element;

Figure 15al is a 3D view of the gpectrum of the
image of Figure 15a;

Figure 15b is a second example of an image
containing one directional element;

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 15cl is an image of the Fourier modulus of
the image of Figure 15c;

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

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 1i8al;

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 modulus for the image of Figure
15b; 20 Figure 15c shows a third example of an image containing two
directional elements; Figure 15cl is an image of the Fourier modulus of
the image of Figure 15c; Figure 16 shows the projection directions for 25
pairs of integers (a, 3) in the context of calculating the discrete Fourier
transform of an image; Figure 17 shows an example of the projection
mechanisnr y4tithe example of azmairekentges (ak' BKkscr@iel)idQrier

Flgue 18a) shaws anexample O‘;%nﬁi%g%iegf?t% .ningl}ﬁﬁ‘g%%iea discrete

components; Figure 18a2 shows the e'mo
FOUMBREAASRIMRS the FhaBE¥f Eigure 18al; Figure 18bl shows an
example-offd gymthetie image 35 centdiring osiegperiogic tempanéntyd 1

Figure 18p2 i%%%,%yg%gf the disgrate ourer trapsfogn efdhg image of
Figure 18bi, showing a s%mmetrlcal pair of peaks; Fﬁgure 19is aflow |,
cﬁ&ﬁ%’%i}\ﬁﬁ&%et\l?gﬁo& BREHS I fotesSing Hiinade With Tvditst-on

beihgl establishedpsat chagactérizdés tHanggtial distribution of iconic
properties of therimage; Jrigwee 28 shewsAar-example afainags heing
partitioned and.of a characteristic of said image beipg 10 created; FEigure
SPEhons S foation throhgh SO0 PG bartibsed S of PSS 2040
tHer&R&HBN of a vector characterizing this image; Figure 22 shows a
sound signgi. macke ua oktiamesa 1bdeing dacamposed:irdo €lips; kigure

233 showshe yariatign ip he-¢geray of @ SREeERSIPAlation of a
vector characterizing this image;

- Figure 22 shows & sound signal made up of frames
being decompeosed into clips;

Figure 23a shows the variation in the energy of a
speech signal;

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

Figure 24a shows the zero creossing rate for a
apeech signal;

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

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

Figure 25k shows the center of gravity of the
freguency spectrum of the short Fourier transform of a
mugic signal;

Figure 26a shows the bandwidth of a speech signal;

Figure 26b showg the bandwidth of a music signal;

Figure 27a shows, for three frequency gub-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 ghows, for three freguency sub-bands 1,

2, and 3, the energy ratio for each frequency sub-band
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Figure 23b shows the variation in the energy of a music signal; 20 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 25 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; 30 Figure 26a
shews thebandwidth of a:speechsignale Faitre:26brshowethe/bansaidtir or
of.a musie, s%afi’gure 27a shows, for three frequency sub-bands 1, 2,

and 3 the energy ratio for each frequency sub-band_over the total ener%y

over the erfiit8 frefudhey BARY Sfok 85 SRGIERERSidnai* FRjuré 2eec
skdwsafbr three frequency sub-bands 1, 2, and 3, the energy ratio for

each frequeney, sub-bapdiZ-pyet the totalanesgy eyektheentirgusic
frg(ﬂuen y band, for a music signal; Figure 28a shows the spectral flux of

a'speech 'signal; 5 Figure 28b shows the spectral flux of a music signal;
Figure 29 i§ 59graphshohing tieragetinigbr el e ehfofifédndicyosf & the
clip;tarel Figure3thshows eaetgy:modatation around 4 Hz for 10 an

audio signaly Wit elerenae a Figures.) ipihe deserinion, beaine ity
the general principle of the method of “indexing multimedia documents in
afCordarie Wit mvention that leads to a fingerprint base being built

15 up, edchindexeerdosument Beigg assodiated With ghe description

begins with the general principle of the method of
indexing multimedia documents in accordance with the
invention that leads to a fingerprint base being built
up, each indexed document being associated with a
fingerprint that is specific thereto.

Starting from a multimedia document basge 1, a first
step 2 consists in identifying and extracting terwms 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 3¢ 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
frameg 160 that are subsequently grouped together into
c¢lips 150, each of which is characterized by a term
constituted by a vector of parameters (Figure 22). An
audic 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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fingerprint that is specific thereto. Starting from a multimedia document

base 1, a first step 2 consists in identifying and extracting terms tj for
each document, where the terms are constituted by vectors 20
characterizing properties of the documeyy 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 tj for a
sound dosumentads An addiamlecumentd4drs Mitalyedecampesed into

frames. 160 that are su (}%q%eeﬂitlxr%rswee together infq (¢lips 150, each

of which is characterize aterm constituted by a vector of parameters

(FGGES22 0 A SicCESAIMBAt FAFRUPus ChardbiBksdd By aSHiotss in
texmra tivat slneslaiedan arteirh based (Rigore:1k AMudiadpdumentsriiom

W@!ﬁt‘t%égﬁﬁacﬁ%rﬂs@nv%@&@iés %%}5%%@919381@&5%@ pl?&né%fe‘?i@&%@‘?’ at .
050 Hz In orde%to avoid any allasn? effect. The document is then

22,

stbavitied iRth 856 of &S, With W Nultber b 35 ampeE peY falieatd
befgidatgamineddas apandtion.¢fBe sgipelstdile for analysis. 13 For an
audiofcliqgunaemﬂs:hﬁaér@%@cieﬁi@wctg@nu@@i@glmwt\éafk')@i@esb%g-
as.in films, variet OWS, Or even sporting events, the number o
R R sttt Aol oL EREE
cORFERC S atratdio tobBntnt tRAYE PloMbgeedt82E Hcontaining

only speechics qriys milsic this nuraeberishautd shenlarge, e.geabautz048rs

samples, An audio.dacument clip can %efa@afrae%?r%sgn%geﬂm of

parameters serving to make up the terms and 10 characterizing time or
f

RGHBRET FFSrmTatioH: 158 poigibid fo GEE™AR of SBhte St iRpaHARtSsive
that Bpe neentidnedsleelowsand orderito fdomuweetdrs of parameters

constituting thentergs identifiiingrsucressive ¢lips ofithe sampled audio

document. . . .
constlgutes a first parameter representing time

information.

The energy of the audio signal varieg a great deal
in speech whereas it is rather stable in musgic. This
thus serves to discriminate between speech and music, and
also to detect silences. 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 zerc 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 music signal.

Let N be the number of gamples in a frame, then

volume or energy E{n) is defined by:
N-1
E(n)m# > S3(i) (2)
i=0

where S (1) represents the value of sample i in the frame

of index n of an audio signal.
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15 The energy of the frames of the audio signal constitutes a first
parameter representing time information. The energy of the audio signal
varies a great deal in speech whereas it is rather stable in music. This 20
thus serves to discriminate between spggch and music, and also to
detect silences. Energy can be coupled with another time parameter such
as the rate of oscillation (RO) about a value, which may correspond for

exampledenthie 2e/0:6/eseing ratedlR). faloyRO-ana high enargynddr ion

are_synonymous ith yoiced sound, whereas a high. RO represents a
non- r\%/c:}%ed%o(ﬁe ?—égu%:eoé%a ghov%} a S|gn2f 129 skrl]fowmg v%rlgsfoﬁ of

energy for & 3pe&ERRAFEAL F§UrE3BhEWs BrsiffarcTer thist flustatds
3@ vapatiom insenergydot-adnusic signattiret Nvhe dhe aumberoisamples

'nsacgé‘@edétfq@le\@llé@etﬁ{eer@égxgzg@)e'sé:}?f'ﬁﬁgnpé/ TGk 512(0 (ZJ;zlp

N i=o0 where S,(i) represents the value of sample | _in the frame 35
iMBRX PP dudD GG hal® 140k mﬁ{@e&s%ﬁp&e&ﬁ?&m@oﬂﬁngm

infdrigation can be deduced from energy, such as, for example; the

standard. devjation,of Hame-energias indhe sclipsyalsoseferred to as
VSTDQ hICh cgn%tltu{:(?1 sﬁ]‘.%te defined as the varlz;}} ce of frame
e

volGhestina e ip Pormaiized FAISHvE S tha Thasimaum trame Voitie dpthd 1€
clipt BHESBUAY FBfiation vaes (SVRpwhicHoisdéotistrgieibyite diffedanes
betweahdthemaximumantthe 204aninimum frame volumes of a clip

AL SR i i R
(éﬁ &ﬁ%ﬂes of volume lower than a threshold (e.g. set at
95% of the mean volume of a clip).

Other parameters enable the time aspect of a clip to
be characterized, in particular the rate of oscilliation
about a predetermined value which, when said
predetermined value is zero, defines the zero crossing
rate (ZCR}.

The ZCR may also be defined as the number of times

the wave crosges zero.
1 N-1 f
Z(n) = E(Z}Sign(S L (D) (Sign(S, (i~ 1))])? (3)
i=0

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

This characteristic is frequently used for
distinguishing between speech and music. Sudden
variations in ZCR are representative of alternations
between voiced and non-veiced scund, and thus of the
presence of speech. For speech, ZCR ig 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 represgenting an example

of ZCR for a speech signal.
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95% of the mean volume of a clip). 15 Other parameters enable the time
aspect of a clip to be characterized, in particular the rate of oscillation

about a predetermined value which, when said predetermined value is

zero, defines the zero crossing rate (ZGR). 20 The ZCR may also be

defined as the number of times the wave crosses zero. Z(n)=
(=jSign(S"()II-(Sign(S,,(i-1))Dfl (3) 2 ;=0 N S,(i) : value of sample i in

frame n. Flgnumbesiof samplesinca: framer £2b fsegamaphng irequencyxamplie
This chegagigristic ig fraquently.used for distinguishing between speech

and music. Sudden variations in ZCR are representative of alternations
between VSicetF and HoAN\oicdd SBERE At thas ¥ thd 30 rBgeAs®sFt of
speethi Forapebeh cZORLS iowad vbiced 26w and vepfhighdol lation
nam-yoices Zones: whergas forvanusic, ¥atiationsM-£CR-arg very small.
Figure; 24 shows A suive 143 representiic. gy example of ZCRIorg s
sﬁgerec% signal. 18 Figure 24b sHows 4 cuirve fffrepresgn ing-an g
exahple BFZRR for a music signal. Another parameter characterizing the
time aspeetef @schpomayde censtiided dyrarhighaate efieseifatiate Snunber
ahouta predetermingd value which-whensaid pradetegnined yalug is;

zero, defines a high zero crossing rate (HZCR). HZCR may be defined as

bERGIHE Talid BFtH RuMBRE SFffarids fdtvifidihelZ8R has a value a

e.g. 1.5 10 greatent the mean ZCR of the clip fis): 1 N-1 HZCR =
[sgn(ZCIg(%g:B:L%Q s BGER N L RVZCR) +1 (4)
such that:
1 N-1
avZCR = gz 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 corresgponding
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 (SFR) which is the

percentage of non-silent frames in a clip.
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such that: 1 N-1 avZCR =-Z ZCR(n) (5) N with: 15 n: frame index; N:
number of frames in a clip. For speech segments, clips are of 0 to 200
seconds (s) with an HZCR of around 0.15. In contrast, for music
segments, clips are of 200 s 20 to 350 sand 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 faramb deatening sound (ergna sitamhdt iSfalse possiblento

d%@!&%@c@é@ﬂ?&%%@ﬁDtWPéCQh&%O“F‘P&%teQM t?% g e@&?@&“é{%e'l ts

R number above and below the mean ZCR for the frames of a clip,

aﬁ&ﬁwéﬁa%@t‘ériw Siten & &stituted by the 30 variance of the
ZCR. Aribthver  parametertdloaratterzingsthestimie fspeetofia cipds tiwe

simv@é‘n%gﬂt&@%ﬁ@) whichisghe percentage of non-silent frames in a
clip. 16 A frame is said to be e pon-sil -silent if lts vqu e exceeds g certain

thresholg t( Fard éﬁﬁe vaFu ofits’ 1S Beldw § ftireSRAY ﬂs"f’ﬁugs
t@@f@%%ﬁﬁ%ﬁtwm%hﬁ@%%s to detect silence. Other
statistical preperties D& (R} gap bedietas CharectEstC parameters

such as: |}L5hettrtl1érdnqlrrggegwor’@e t&{l m%%%f}-[‘d i) Eheernumber of
ZCRs exceedlng a certain 10 thr e para?neters taken |nto
abtdiRRRe defining the

The parameters taken into account for defining the
terms £, may also comprise frequency information taking
account of a fast Fourier transform {(FFT) calculated for
the audio signal.

Thus, a parameter known as the spectral centroid
{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
2:& (i)
SC(n) =+— N (6}

ZS )

such that S, (i): spectral power of frame No. i of clip
No. n.

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

Figure 25a shows a curve 145 representing an example
of S8C for a speech signal.

Figure 25b shows a curve 146 representing an example

of 8C for a music signal.
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terms ti may also comprise frequency information taking account of a fast

Fourier transform (FFT) calculated for the audio signal. 15 Thus, a

parameter known as the spectral centroid (SC) may be defined as being

the center of gravity of the frequency spectrum of the short Fourier

transform (SFT) of the audio signal: N-1 1is" (i) SC(n)=Ni (6) 1S"(i) i=0

20 such that Sn(i): spectral power of frame No. i of clip No. n. The

parametanSﬂqismiglaf@nmtleic $mcedhe thighifretjuencigsearespigadith BwW
ver awiderzane thanfor speech (ingengral,§ petayes formysic and

onI 3 for speech). 25 ThIS is a?somated with the sensation of brightness
Iﬁ’&%m?ﬁ is&n Wportant perceptible attribute for

characterlzmg tone colo 'Zt(rfl_u@ 2 @Jr 25a shows a curve 145

representing BRERNPIE0 SC fora eech signal. 30 Figure 250b,shows

a curve 146 representlng an e%})ﬁn of SC for a music signal. 1

Another parameter is constitut e bandwidth BW which can be
calculated from the varlance in the preceding parameter SC(n).

J(-SC(n)T8T0) BRI N 2507) 125 (075°8 e Baiidwidin Bigis and in

ingpertant both in music and in speech. Figure 26a shows a curve 147
presentipg gn-examplesabihe Bandwidth oby speee8ignal an example

of the bandwidth of a speech signail.

Figure 26b shows a curve 148 presenting an example
of the bandwidth of a music signal.

Another ugeful parameter ig 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 congideration 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 Hg,
and 4,400 Hz-11,025 Hz. For each of these bands, its
SBER1I 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 freguency 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 frequency sub-band over the total
energy in the entire frequency band, for an example of a

music signal.
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Figure 26b shows a curve 148 presenting an example 10 of the
bandwidth 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 bang®f the sampled audio signal. 15
With consideration to the perceptual properties of the human ear, the
frequency band is decomposed into four sub-bands that correspond to
the filteraof theecoghieamdtieen ihre sampling freqdehgy tsi22,8pbdtz;4he

frequenay: hands,are ;0 z@é@ﬂﬂé:ﬁ%% Hzpk 76Q 417, 12A20LHZ 4. 400 Hz, 20
and 4,400 Hz-11,025 Hz. For each of these bands, its SBERI energy is

céfl%ﬁfa?é&%rr §5SSRg & ﬂw@?’é‘t?oc@mhefgﬁ‘g\%?/ inthé& bahdRier the
energy ov entir m 7 ows three curves
151, 152, ﬁ%@ f‘e% ESE sub- bandsi i
and 3, the energy ratlo in each frequency sub-band over the total energy
ofvtherentire frequency band, for an example of a speech signal. Figure

27b showis tgr%ﬁg@/gﬁg@f 1§z§a?ﬂd\?§’§u§0 showing for three

frequengsub bands 1, 2, and 3, the energy ratio in each frequency

sub-bangrdver thgﬁgfé?’a‘ﬁerﬁﬂ‘ﬁﬁeogntﬁjéaf??q%%cybaﬁf for&R No.
exampleloka spasicsignd L 18 Afothiee patametey siegrstityteddnether

spealralfli Sk whilsisdelined anthesmeanyvaluerglspestral variation
between two agjgj?ent frames in a cI N SF 1)1]1

E‘f’ogf‘gf?(mﬁsfl ?l }ffl )ff( ‘?L% where: S: d cons%ant Sf small
vaRRs SAEF 3béttralqisveatest ﬂﬂéﬂrﬁé I\le@ oPERSNOL e FHespdéral flux
of speedhiisigenerally greates a curve 157 representing the

spectral flux of an example of a speech gignal.
Figure 28b shows a curve 158 representing the
gpectral flux of an example 0of a music gignal.
Another useful parameter is constituted by the
cuteff frequency of a clip (CCF).

Figure 29 shows a curve 149 illustrating the

n.

amplitude spectrum as a function of frequency fe, and the

cutoff frequency fc is the frequency beneath which 95%
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(ny=> SZ(i) (9)
i=0
The cutoff freguency fc is determined by:
i
> 81()20.95xDS (10)
i=0
and
-1
> 8%(i) <0.95x DS (11)
10

of

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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than that of music, and the spectral flux of 10 environmental sound is
greater still. It varies considerably compared with the other two signals.
Figure 28a shows a curve 157 representing the spectral flux of an
example of a speech signal. Figure 28k shows a curve 158 representing
the 15 spectral flux of an example of a music signal. Another useful
parameter is constituted by the cutoff frequency of a clip (CCF). Figure 29
shows amiiee idQslliisinating thekamplitudesspectum as aduaction et ize
frﬁﬂ%%g;é%\’sf%&‘gé@ﬁ S euloff tipquency teds %%frﬁg%%%/sb%e@ﬁeech

which 95% of the spectral energy (spectral power) is concentrated. In
ofiet 16 delermile tHE chfbi-REqteHey drd Tlip CiherdiR ESuMB tidh ok -
DS(n) isateutatesr dndtBEM)=d8"GL@) e 25aHmncutoffdreguemeytic or
determined;by:n £ S2hnd - 99XB% @A) 70430d 6L ) <RSP (Thergy
=0 d e CCE s higher for 2 non-vpiced sound (fisherin 0 fugh
frequencies) fhah Tor & voicet sound preser?celgisJ Eﬁgegh Frwhith power
iscetcegtratad H-tediaws e qGBREieS Y U TRy measlikFientangkés am
pessiblesig-ahasaeterize changes between voiced and non-voiced periods

in speecfy, singe hisyalue i I (or ips conigining Music pnly LOMher e o
parameters can also be taken into account for 5 defining the ferms ti of an

abl® dCEUMENCSHERAE eretgy rhbgulbReh aYeda & M7 Whith

constitut arameter
S OWDSG+ixT) 4)
4EM =20 =0 (12)

D Sk)

i=0

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 c¢lip.

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

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

Figure 30 shows a curve 16l representing an example
of an audio signal and a curve 162 showing for said
gignal 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 £, that are
constituted by key-images representing groups of
consecutive homogeneous images.

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

document.
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coming simultaneously from frequency analysis and from time analysis.
The 4 Hz energy modulation (4EM) is calculated from 10 the volume
contour using the following formula: N/T T E(EW(j)S2(j+ixT))/4) 4EM = i=0
j=0 N (12) Sn (T)i=0 where: S,(i): speetgal power of frame No. i of clip
No. n; W(j): triangular window centered on 4 Hz; 15 T: width of a clip.
Speech has a 4EM that is greater than music since, for speech, syllable
changesrtakgeplace at aroitid 4 izg e Syliahle is-a Coawinatienreba zene

ofslow, energy, (gonsonant and.a zone of high energy (vowel) 2. Eigure

30 shows a curve 161 representing an example of an audio signal and a

cURREMBAShSRTYTOF S5/ sfnat tHe Eéngy e Ralidn Groumtra HACnes
Muttirmediardgcumedsvrcladingealdid componeatsi axel eesotilsed above.
25 When dndexing muliimedi-documents:haying vdee signalscifi® image
possible to sele%t.terms ('gi fth;é\h%rei T%gngtitugeﬁi t% elé-inggggs E%presentir%%
g?orupos"’rc‘)?fr chbhsecutive homogeneousgirrfages. etermsti’canin tarn.
réprEBentioriSEmiisie C30 BRRTRAAIZCOIS st fektdraR Broperties, or the
structures>0f dlominanizanesdnibe keydmeges of the:videemgdoeyment be
290&95%%‘%!@&%1('mmsa%geé%@e G Qgaler %%%LQ%'S%A%%&G@\@S,
can represent dominant colors, textural properties, or the structure of

dBMiRERIRs ffaRimagesSevetalmbticdsSc&iPBe frhblerfénted in 5
alterriatioatoraumdativély reitherovel anentivenhage tions of letters

and digits).

Consideration is given again to indexing a
multimedia document comprising video signals, in which
terms t, are selected that are constituted 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 imageg in a
video document are grouped together in groups each of
which contains only homogeneous images. From each of
these groups cne or more images (referred to asg key-
images) are extracted that are representative of the
videc document.

The grouping together of video document images
relies on producing a gcore vector SV representing the
content of the video, characterizing variation in
consecutive images of the video (the elements SV,
repregent 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 crder to calculate the signal 8V, the red, green,
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 determine the terms ti before
characterizing the image. For a document containing text, the terms ti may
be constituted by words of the spoken or written language, 10 by
numbers, or by other identifiers constituted by combinations of characters
(e.g. combinations of letters and digits). Consideration is given again to
indexing a multimedia document comprising video signals, in which 15
tetmsdraesselectedahat gheicenistityted Hhyfkeysmesages ispnesetingas to
groups of consecutive hOROgeReols, ages AR FONERRIS Ci amg, 4o
d%fgmineéj %yl%r.oulping %0 etther terms_ti. Detecting kf -imaggs relées og, .
the Way inidgel i 5°30 Video dduniem XreRfi5ipéd gethat ingtdups 219
eRavBf Witk EolRing 6alyURFAogEeduSIRfagaRP FieA dath=nfctseion
graspsieneremosa dnages referraditaas ey tinages) gee extrasteghthak
a.rc?frefé{ﬁ%%'llaﬁ‘f% OL1IEs i’!i;deePe%":C“am?ﬂéEa@Ja{l?e%@% PING, OIEETOf e
video document images relies on producing a score vector
reptéSERtinpiRER Sontent BPINVIdRE, BHEAEERThY variation in
consecutive images of the video (the elements SVi represent the
digferencespetwgen the content of the image 30 of index i and the image of
index i-1), with Si! beFisHI% equal to zero when the contents imi and imi_1

r

are idertfcal anidit g WheRAE diferBhS&BERFeen the two
contentsFistargfesin prdertto @alcylated thdisighubsw, e redy green, 35

and blue-RGB) heads wé epeh image imbef ipdex i Buther videorare added

.tolq%her tobconsttzlt%g éa stlplgle |ma19e rﬁferreg tIo as TRi. Thereafter th

image TRi €21 decomposed into a plurality of fréguéricy Barids'sdas to
rétain, only the low frequency component LTRi. To do this, two mirror
filters (a low pass filter LP and a high

Column scan
From two low images, the image LTRk is produced

For each peint b of the image TR, do

i, 2x]

Calculate the point bb, . 0of the low frequency low

1.3
image, bb, ;, takes the mean value of b; b and

3 i,2x3-1¢ i, zxif
bi,2xj+1 :

The row and column scans are applied as often as
desired. The number of iterations depends on the
resolution of the video images. For images having a size
of 512 x 512, n can be set at three.

The result image LTRi is projected in a plurality of
directicons to obtain a set of vectors Vk, where k 1is the
projection angle (element j of V0, the vector obtained
following heorizontal 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 ail 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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pass filter HP) are used which are applied in succession 5 to the rows and
to the columns of the image. Two types of filter are considered: a Haar
wavelet filter and the filter having the following algorithm: Row scanning
10 From TRk the low image is producec for each point a2xij of the image
TR, do Calculate the point bij of the low frequency low image, bi j takes
the mean value of a2xi,j-1, a2xi,j, and a2xi, j+1 15 Column scan From two
loaniindades, tiee imag&k TRK isnprgduded. Farmdchipointlli2xjadf théese
ipage-1R-de Salculatethe paing bbij of the low frequency low 20 image,
bb  takes the mean valq of Bi2q:1, i, 2xi1. and bi, 2xr1 The row.and
column scans aré applied-as often as &eswed‘.lsluﬁe Humber of iterations

JdESEHEF o Yhe ESBIRIiIEN bf he VilleSTAGYES Folimagie8 Hardrd 4 size
2hef hd2ix 512 nieanbersat at #eechbe Tesuleimage LTRI isypiejeated or
ina,plurali irections t [ t.Qf » S\ i
T F e e AF STl B I age

pidjedtih SRMETNERRSICEGTRIRY PR RUHR bR A of fife H&ia%"of rowj_
in the infaigey e Theldwection vectorsigithenrmage 1T Rizarmmbenpaied with
t@r@ﬁﬁ% YE@Q&% Of:g}fe'm?&e 'aEB"éi%PQEadﬁﬁgS@Qé?l i%@%@s .
measures the similarity between the two images. %‘IIS score is obtajned

by averabity ATOf te SOethR 38 MRLHASSS RIVIRGHRS shme MrSAbHAforthe
ed@ly k g distahed isceaies arerisetive ehlthe wettoraylodf infayeviedues of

aper the xectondeofdmagedsk and tken-alh of theseq distancesyea key-
calguiated ;The,get gfallihg prores gonstiules e SCOe s ¢ sv () is
situated between two minimums minL (left minimum) and
minR (right minimum) and if the minimum M1 where:
Ml = min(]|SV{(C])-minG|, |SV(j)-minR})
is greater than a given threshold.

In order to detect key-images, minL is initialized
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 (minkh and minR) 1s 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 |sv(j) = minL| is less than the threshold and
mini. does not correspond to SV{0), then the maximum SV (j)
is ignored and minR becomes mink;

ii) if |8V(j} - minL| is greater than the threshold
and if |8V(j) - minR| is less than the threshold, then
minR and the maximum SV (i) are retained and minlL isg

ignored unless the closest maximum to the right of minR
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vector SV: element i of SV measures the similarity 5 between the image
LTRi and the image LTRI-l. The vector SV is smoothed in order to
eliminate irregularities due to the noise generated by manipulating the
video. There follows a description of anzxample of grouping images
together and extracting key-images. 10 The vector Sv is analyzed in order
to determine the key-images that correspond to the maxima of the values
ofi S\ r&m irpagé ohindextlizedrsiderediasiseing ecke s imagedttaece s,

valugrS V@) isssmaxinumnand K2V () isi situaledhalwegn WonimHMedex
minL (left minimum) and 15 minRr%ght mlnimums)d’a\nd if the @A@g}surgllgél

wheré: MiZ rﬁ?na(g \'/(Cj)-n%fﬁér}ll (ﬁfimllﬁﬁﬁrls greran%el} han agiven

thfasNldCP&Ret té detdet KBYITAYEs Shitaisaritiafzéd svith- S0 rdnd
themthe aeotor SV is scrolled through 20 from left to right. At each step,

the index | eorresponding 49 the. maxjmum.yalue sifyated between, tvo,

minimums (minL and minR) IS determined, and then as a function of the
S5 o tfe EtALBR YeThthd R i@He cide 8 ThetHERPEERbt to consider
as beinghdr indesed® fariankey-irkage iltipossilile tptake:agrasp of
several adiacenhkesiinages, &-4 ckeyimages:havngpdicgsdsl, J, and

jH. Thre% .stitklljatio?s arise if the minirgum of the twi)_sloges define b\hqthe
two minirﬁ"ums]frenlrﬁ_rgﬁ iRy wnd go%g%éexim(m?vglﬁié}%% rom a
gksaiar Prgcthe thrsshiotd:R) §$3V§) = PiALEBYRSS tham tife Bresitsiged in
and sminl- doasl@ogmg%@mda@e\%%@), tharsthednaxipram cﬁ\é(ﬁ'iﬁjure 2)
ighore .minR. beco int; 1) i 1ISV() - minkl is greater than the . ...
ta%gh%lggg%% dzi%)xIS%V(J S-Ené}il’rﬁ% igi fecs%lt aﬁlfﬁ/e %}iresgflfgl%, %hééenaL rﬁllnRt%lls
aRaRE nidkifting SRAH AFE rétaffedParit minio e fghcied tieacherizing
closestmaxinfurictouthe might of mirR 2Bismgreater thas altweshgldors

URder sUCh CUCURSIANEeS; nage, represent color, shape, and
texture. &4 document can then be characterized and
repregented by the concepts of the dictionary.

A fingerprint of a document can then be formed by
the signature vectors of each concept of the dictionary
5. The signature vector is constituted by the documents
where the concept ¢; is present and 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 ¢; 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 wis.

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.
BEach concept c¢; is intended to group together terms that
are neighborg from the point of view of their
characteristics,

In order to produce the concept dictionary, the

first step is to calculate the distance matrix T between
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minR is also retained and j is declared as being an index of a key-image.
When minR is ignored, minR takes the value closest to the minimum
situated to the right of 5 minR; and iii) if both slopes are less than the
threshold, minL is retained and minR apwl | are ignored. After selecting a
key-image, the process is iterated. At each iteration, minR becomes

minL. 10 with reference again to Figure 1; starting from a term base 3
haviagt trens, thé ternisgaré procassettin sa sepd andgrogpedied to

togetherinto sancents & Figure2)afos storngrbea-carRapt dictionasy S.

T esig%%fgt ltlh&%b%o];n&is tg gcegr(ler%tetasstep of signatures characterizing 15

a (14ss 6 documents. The S|gnaﬁuPes are descriptors which, e.g. for an
image, rEpfeserit €6, sHalie GIRI TextSreS tdodurienttaih feddtss :
characterizégant seprepentad by the corcepis of the-digtionare. A... U p;

fingerprint gf.2 docyment can tBEF}PEJ?HHe‘EQXtZQé*&%I%@QQé‘g%’eﬁg%gé M

of each concCept of the dictionary 5. The signature vector Is constitute

! y
tie- 868G Tehts™ wherd tife conteptic & prBsEnt& /oy H8 positi6ASahdte P-
the weighitef saidocoreept inthe dodumemnta Thetepms t extsadtedfromeduce

dogument-base 1 %ﬁezé&?ﬁﬁ;_géﬂﬁt@ﬂﬂ basep3 apd pracessed:ings {p,,
mpodule 4 frpr} exgactln co%ceFPts tc,whlcrfD are themselves gcrogp%d h
togethér in & COV\{’IC%E?dIC?i(C:)na yog. Ii‘iaﬂre 2 SHows Iéesp?élce%s off the
cbastfudting’aiconcept baker (2< bin it fron ceraB ) (1wd th<thyg error
presanting siméarly-searesouii 3:The needide fargreducing thewongept

dlec:)yogggls receives as input the set P of terms from the base 3 and the

OI1 . .
maximum desired number N cpncepts is set by the user. Each concept ¢
is intended to group togetler Erags,thatgtgse 'tg%{biorjs)from the point of
view of their 35 characteristics:iIn order to prg@tuce the concept dictionary,

e NESERIJP GHAR DF HRBCedpalbs LoeMR erms ¢, of »,
by t;.

It is possible to decompose P into N portions in
such a manner as to distribute the terms so that the
terms that are furthest apart lie in distinct portions
while terms that are closer together lie in the =zame
portions.

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

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

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

Step 1 ig iterated until the degired number of
portions has been obtained, and on each iteraticn steps
a) and b) are applied to the terms of set P, and set P,.

The optimization stage ig as follows.

The starting point of the optimization procegs is
the N disjoint portions of P {Pl, Pyr s PN} and the N

terms {t,, t,, .., ty} representing them, and it is used



24 the terms of the base 3, with this matrix being used to create a

partition of cardinal number equal to the desired number N of concepts.
The concept dictionary is set up in two stages: 5 decomposing P into N
portions P =P1 U P2 ... v PN; optimizipg the partition that decomposes P
into M classes P=C1 U C2 ... U CM with M less than or equal to P. The
purpose of the optimization process is to reduce the error in the
deegmpnsitioniFinte N pedions{F 1 Hd B2kor PN} wheregaching p
pgrtj:on P'Lpis representeg l})y trcqu:gelrén ti which is taken as being a concept,
with t e{eriér that is'thefh C(]Jc_)mmltteéllg)éing equal to the following
expressiort G TPEE B EPPESiE e Rfrdt b RieHh i Fe pi&ERE ERe O F
tarnRvt bF PRiby fi. IthepBssibldteteedihpuse RantrNqortiens i XLttt t,)
manner as to distribute the terms so that the terms that are furthestapart
lig dn ggsiiagt_ta@réi@nﬁz?&)%vgm&e termsthakate etaserdogethet lie inithe

same, portipns. Step.l_of decomposing the set of terms. P into two
L ol 95 14 Beberioad e A1s: SThe o termio AN K that
afe I&itHest 17 aphft dreWeterdihEd Tthi Corids iRy eitfesyrbfitasdt
distance:=B,] aidkemaisX 03 oy fdrseaehrtkaafiydk is aliecatedto Pdrifitheion
distance-Dk is smaller than the distance Dk, otherwise it is allocated to P2
30 Step 1 is iterated until the desjred r}umber of portions has been
obtained, and on each iterat o anri®)<drelapplied to the terms of
set P1 and set P2. The optimizatien stage is as follows. The starting point

o fie-aptivizaionrocess isc, being the error committed at the

instant t that represents the iteration.
There follows a matrix T of distances between the
terms, where Dyy designates the distance between term t;

and term tr

o [=5 tx £ tn
tq Do Doi Do Doy Don
Ly Dig Diy Dix Dy Din
tx Dyo Dyy Dy Dy Dyn
£y Dio D Dsx D4 Din
T Do Dni Dk Dy Doy

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 i1s closest to a
given term, the dictionary 5 is analyzed and a navigation

chart 9 inside the dictionary is established.
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35 the N disjoint portions of P {P1, P21 PN} and the N terms {t1, t2, ...,

tN} representing them, and it is used 25 for the purpose of reducing the

error in decomposing P into {P1, P21 ..., PN} portions. The process

begins by calculating the centers of grayity ci of the Pi. Thereafter the

error eci = Yd2(ti,t) t3'Pj 5 is calculated that is compared with sci, and ti is

replaced by ci if sci is less than sti. Then after calculating the new matrix

T and if coRvergeneR isiBel Feached; decompesiionds pedprredeihe on

sto dBtlon IS defln%%by 1 (e? ectfllcfatq;eshold e C%‘{"Qﬁh IS ablout
€ing She etror conmitted at th ant t that re represe s fie ™

itéi%‘ﬁ@n CYRerEOREWS a fRafrix Tt dié”taﬁé’é%ﬁbéﬁ\?ééﬁtth@nterﬁ?ﬁ wheréhe

Dif:gesigpates the distanae hetweaen ermit sib-and termbéirtalf thyifdade is

DBB%%B% 59 E?I?{?ﬁ DJBQ'EQ%DEPR&P&Q %‘ %5@&%%8 t Drfe

D.n to Dno Dni D For multimedia documents

héﬁﬂa EYTay b?’&oﬁ%@%gér%rs %ﬁGWB% rexdifpleSihdur el c1ng
conteptt 20 dictionaly hissigactaret: Inortertosmeilifate panid@tion

ingide; the; dictionary éﬁ&ﬁ;ﬁeéermmﬁeqwqmﬂlueeg@ﬂt identification rv
stage the co eﬁhtha}a} glosest to a given term the dlctlonary 5.is

3%& and 'y navi 58 tha rtc§|n3|d’e the & cﬁgﬁ]é:rye/pﬁ %s%%llgﬁed
261Tité pavigation €haite rRosteduedd fefativeRe Grpntain the

information necessary for traversing the tree during the
stage of identifying a document.

There follows a description of an example of the
module 6 for distributing a set of concepts.

The set of concepts C is represented in the form of
a matrix Alzzk“cp"ch]eiﬂwN, where ¢ e€®R’, where c¢;
represents a concept having p values. Various methods
can be used for cbtalning an axial distribution. The
first step ig 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:
iN
w=-—>c (13}
Vo

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 special 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 esigenvalue of the covariance
matrix.

Step 4: calculate the value pi = uf{c, - w) and

1

decompose the set of concepts C into two substeps C1 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
number of groups is 5 obtained or until the stop criterion is satisfied. The
stop criterion may be, for example, that4he resulting subsets are all
homogeneous with a small standard deviation, for example. The final
result is a binary tree in which the leaves contain the concepts of the 10
dictionary and the nodes efthe treé ontaih the information necessary for
traversing the tree dufingdhe stageof idgatifying a docliiiént. There
follows a description of an example of the module 6 for distributing a set
of conceplis: 151 Fhe set oFEGpts C ishepresentabirahedbad ofigh C is
matrx M=1g5ed,,... eNjeQHN where 6 edde whetewinrejresentsg < o
c pt.havin values, Varigus methgds can be used for obtaining an
a%% di %:iblu%ig%?‘?hﬁlfﬁs?gfrﬁepgi% tgicqélc%latg taﬁpé center of gravity C and
20 the aXRuS&RLRr 88Eormposifg theset iftd hwbLubsésitrse the
procesgingisiepd add as follows rStepd : catotdgiingdd tepresantative Tifitize

mats iyl sueh as{he.centroid wof matbeMe NWess Srfd 8L NHLL2.SIER -2 o

calculating the covariance matrix between the elements of the matrix M

afif e FeptesERfatTeof ThE mikbik M3 giirShithe BBode Speliatcasei
=W Lwge here e1=([4; 1;1%.1,1)4($48tep 3 talt utatd anbats fdre node
paﬁ%‘amgam@@hmied@n@mt%f _tgslrealﬁfgdvlw-g | the.eigenygatoy PS< .
associated with the, greatest eigenvalue of the.covariance matrix, ,Step 4:
cjl u %é’“ ?he_ vgl%qe Ip’l :gj‘fg(%ft-%ﬁ) gr?(%]% déc%rﬁ“ﬁos%e;ﬁ%cs%e%f co%‘gzléepts C
inkd BH6 3BbsepsiCratE 35702 ks feliwet the leaves of the tree

has been reached.

A singularity detector module 8 may be assoclated
with the concept distribution module 6.

The singularity detector serves to sgelect the set Ci
that is to be decomposed. One of the posgible methods
consgists in 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 basge 10 is constituted by the set of
concepts representing the terms of the documents tc be
protected. Each concept Ci of the fingerprint basge 10 is
assocliated with a fingerprint 11, 12, 13 constituted by a
data set such as the number of terms in the documeénts
where the concept is pregent, and for each of these
documents, a fingerprint 1la, 1llb, 1llc is registered
compriging the index of the document pointing to the
addresgs of the document, the number of terms, the number
of occurrences of the concept (freguency), the score, and
the concepts that are adjacent thereto in the document.
The gcore ig a mean value of gimilarity measurements
between the concept and the terms of the document which
are clogest to the concept. The index of a given
document which points to the address of said document is
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27 rc 1LE=C1if pi <0 (15) ci C2 if pi>0 The data set stored in the node
associated with C is {u, w, Jpil, p2) where pi is the maximum of all pi 0
and p2 is the minimum of all pi > 0. 5 The data set {u, w, Jpi, p2)
constitutes the navigation indicators in ke concept dictionary. Thus,
during the identification stage for example, in order to determine the
concept that is closest to a term ti, the value pti = uT(ti - w) is calculated
and therithennadeld 0asseeiated withtGl isi sejeeted ik Mptkill< J€ptil -

p%)}b(glggégg ngde C2 IS selected. The process is iterated until one of the
leaves of the tree has been reached. A singulari%detector.module 8 may

be assoCidfed® AR tHe cdivce I eRGRBGHAY EEEPTRE Shatfarity
detegtarserees (o selbet thecsetditthat ¢s toebe déeomposed sQnerof thne
passibledmethods consists in selecting the less compact set. Figures 4
and sh%w the in exin‘g of a document or a 20 document base and the

construction bf’a fiTgetbiitbase T The it plimhase fgent terms
cOFstitGrEaIRFE thrdsdtuive dice pis rapreséntiif e s oftide the
deewipepts @ike psateeied. Faclkeoncept &1 ot the,brgerpEapbasy 10 isach
28 psspaiated yith.a figgernyint 41, 1,43 constiiuted by 8 datg sot such

as the number O? terms in the documen{é ' ergﬁnejconcept IS present,

afi@36eesth bPthesen@6EieRtst BRrRITIRMHaCHBa §egRiGEGIne
cohprismgctedndex dtdhe decumeahpeinting ta 16130 address of the.

document, the gumber of terms, dhe number of accurences ofithe, o oq

concept (frequency), the score, and “the concepts that are adjacent

theF&fPindhé doc (YRR S e I aRfeaTvAGE SR g on

madastnements not the concept has already been encountered,
i.e. whether it is present in the documents that have
already been registered,

If the concept ¢; is not yet present in the database,
then a new entry is created in the database (an entry in
the database corresponds to an obliect made up of elements
which are themselves objects containing the signature of
the concept in those documents where the concept is
present). The newly created event is initialized with
the signature of the concept. The gignature of a concept
in a document is made up mainly of the following data
items: document address, number of terms, frequency,
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 1g implemented on an on-liine search platform 30.

The purpose of identifying a document is to

determine whether a document presented as a guery



i0

15

20

25

30

35

between the concept and the terms of the document which 35 are closest
to the concept. The index of a given document which points to the
address of said document is 28 stored in a database 14 containing the
addresses of protected documents. Thg process 20 for generating
fingerprints or signatures of the documents to be indexed is shown in 5

Figure 5. When a document is registered, the pertinent terms are

extragted from the-doeument (step, 23 %, anditheusenceptdictionagkissbase
taﬁ:n jgtobacsco#nt str%g aZSZQI.r Each g f éh% {%misat]if ggtheb%%c%m%nt is
projected w?to? e 10 space oﬁﬁg concepfts d‘lctlonaryin oraer 1o

dStRFMRRI e conEEpiRHIRaSRpidsets iitcibmiy (stes 2B Fhereafter
thecfirtgﬁpﬁmgofgﬁgme@t edsalpslated: (step @4pvihis updating iotal or
periormed depgpding on. whether.gr.naf the &8”8%%@&&@%%‘13’ RESL peen

encountered, 15 i.e. whether it is present’in the documents that have

alFERAPEEE T régistEred it i CORLRpt eFIs R yet prdSeif it Sentences
ddtabase, tkerta reWivntry s oeatedhattherdatfibase tan emtrgén the

database £otrespands i apobjeci suade up of slements 20 Whigh-gent
themsr—ijlves olﬁggc contai&ier%g g‘f %igrllature of the conceE}t in those
ret

décumentsw & c%lhcept IS presenﬁ?)’. e nsélv]\ﬂys/tc%é:a et S entid"s

inftiliZe @ Wit thesimatirefofti& eoncept. The signature of a concept in
a docunwent ésrmagedsn mairly Hf the-folewing datee25 dems: doednest ep

address,.pumper of terms, freguen adjacen cepts, and score, If
the c%nc%pt ci exists in the (fg‘?;bas%%%en f%% %%%% acgégg?gteéq Wi{ t[ke]g
cé”r?(?ept has added thereto its signature in the query document, which

signatur@is mastec3G tpaf (dacimehicaddregs mumber bkteemsstep 25),
fregdency, R4AceLGNPERIS ANELSERreh ONGe R INISHRIRASENAS the

been constructed (steI[? ,
query are put into correspondence with the concepts of

the database (step 33} in order to draw up a list of
documents having contents gimilar te the content of the
guery document.

The process of establishing the list is as follows:

pg; designates the degree of resemblance between
document di and the query document, with 1 £ j < N, where
N is the number of documents in the reference databasge.

All ps; 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 is present,
its pgy is updated as follows:

Pay = Pgy + E{freguency, score)
where several functions f can be used, e.g.:
f (frequency, score} = frequency x score
where frequency 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

di with concept Cj.
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25), the fingerprint base is registered (step 26). Figure 6 shows a process
of identifying a document 35 that is implemented on an on-line search
platform 30. The purpose of identifying a document is to determine
whether a document presented as a query 29 constitutes reutilization of a
document in the database. It is based on measuring the similarity
between documents. The purpose is to identify documents containing

protectedelempents, Copying,can, be totak o5 patial Whep partial the than
copied eleme FWI&S%\/ been subjected to modifications such as:
oS SORTEHEES okt KT8t eiihiriihg e AR from LiEimdds
elimiFRONgFshctorerséduact from & wlibdadoedmetiteshariging the
order of tesBise.08 SUbStitElipg ieas 1Gwith Dikar tems dkpdaxte Aftes
presenting a document to be identified (st the terms are extracted
g e o rar I CHITR he e pads waren.
(St 285 S E5REE EREESts caldtifatbdi6ih RS tétifCeitPadted fonthe e
query=y ot dntokearrespondeace svththe tonceptsueirtheadatabase of
(Step 33) p,arder o draw up a list of documents having contents similar

to the content of the query document. 20 The process of establishing the

list is as YGIloWE  pa Yesitate S tHe §EgreR dfFESembiIntE BetiRasn

doswnentdjsandithesqudryidocumantowith dia fhaiN, geirdrenh iBalse been

ny@beraf.daguments-rifedgiesence gatabasg oAk pdi areinitialized 4,

2010, 23 For eadh lermd in fhe gueny provided in step 331, (Figure D) the, ¢

conceprtl%&ﬁat represents’i 9§ détermitie (s?epp 5 or eReR™ &S o

déasmeRtdARieretheltonceplRpresast; iis-pdids Upartedras fis:

30 pahEpst Hdfitequenagye SeRke)ry document is matched in the
response documentg, i.e. Lwo concepis that are neighbors
in the query document must also be neighborg in the
response document.

The list of response documents 1s delivered (step
35) . |

Congideration 1z given below in greater detail to
multimedia deocuments that contain images.

The description bears in particular on building up
the fingerprint base that is to be used as a tool for
identifying a document, based on using methods that are
fagt and effective for identifying images and that take
account of all of the pertinent information contained in
the images going from characterizing the structureg of
obhjects that make them up, to characterizing textured
zones and background color. The objects of the image are
identified by producing a table summarizing various
gtatigtice made on information about object boundary
zones and information on the nelghborhoods of said
boundary zones. Textured zones can be characterized
uging 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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where several functions f can be used, e.g. f(frequency, score) =

frequency x score where frequency designates the number of occurrences
of concept Ciin document dj and where score designates the 35 mean of
the resemblance scores of the terms of gpcument dj with concept Cj. 30
The pdi are ordered, and those that are greater than a given threshold

(step 333) are retained. Then the responses are confirmed and validated
(step:8dre Respnnsa teafitaaton the list afrespansesisdsnbilieredndiom

0 tain anly the t e_the mast perti .. The filteri
S L o O e o e

of thé Fes siHsRe v aliddtidit- thie Senrsstorétdin bhiFthoeto to find
respepses ewheredttisaery sértaibathabesténthasbeéen  reproduced. £inal

Dygng Lhis,step Jespanses arg.filtergd s daking account of algebraic and
topological properties of the concepts wjthin_.a document: jt is required

that neigAboThood A tHéE quihidScitheMs Hiatifed h fHa 95 T&dpdHS
decyrents, L.e. tvadkeoncdptstiarire hicighlsors sinithéefiely dobgmearm of
Mutsihplsioche: Beighbersimiher e spepseOnsument cthe listof response
documents s deliysred (s1en. 39), 20 pansideration  ghanbelow, ;.
greater detall to muﬁimedgla documents that Contain Images. The

desetiption 15e4ts it paficifs GibGIRIRG up-Icfimiefphfit BEse tHatds fF 2
beaisedfasod ieal fer pdenidvingra document hased oniising: rwthods
thal.ace 2bdast andefiective forideniifving ipages andhatiake; ageouly

of all of the pertinent information contained in the images going from

characteriZitty e SitctUfeT S bBjectS B MR thehifp, foomplement
Chénaetariziag textomecngzoties and baekymermtcoidre Theobjectstof the

INAAFBeity of texture patterns (images 82 and 83 of
Figures 12 and 13).

Figure 11 thus shows an image 81 containing
structural elements that do not present any texture
patterns.

Figure 12 shows an image 81 containing structural
elementg 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 ag to extract pertinent information
therefrom. This information is then indexed and
analyzed. The analysis is performed by a string of
procedures that can be summarized ag three steps:

for each document, extracting predefined
characteristicg 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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30 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, 35 both
spatially and spectrally, based on three fundamental characteristics,
namely its periodicity, its overall orientation, and the random appearance
of its pattersi, 81aTgxtuse s haadied hereinasa duarimeasippakrandom
p&’&ﬁé%-e‘r%g'oéscl‘ %a%eg%%ﬁi%” é§u%%!£“rp%r£a”t£%%%%s(’.f th%é%‘?}héigcﬁment
can be used as a first sort to find responses t%at are similar based on_
cofor [Yuss & FiRArs deeRich Afade thikARE IR Béarthan the iBRRF stabe
of:huitding up fingerprints, account is taken of information classified in the

form of gomponeptshelonging.to e maiar cateqaries; S0:Callelinent s2

"structural™ components that describe 10 how the eye perceives an object

tHATHTAY BE FsoiRtedl 818 St of bhjectd praksl T ah S Psndetientin thiee
divmgiasions (inferfesc8leand 82téferigmesel Hand 2% dididseatiehber of
"tgéwaqlé@ﬁmoml@gs it i%am%@@ah@i@acwagm@@n%@ and :
represent.t regu arity or uni rmlty texture patterns (Image

T e o e R T e S i e Rt da £rom
chairtifg JStRTttua? e erRiRAEFo ABE PRyt akf tSRaHe Palterds.

20 Hgere Tkshews astarmgei81 containing structural elements and a

textured hpckgroungs Figiye, 13 shogrs 20 i312ge A3 biaving naLstrytygal

elements but that is entirely textured. As mentioned above, during the
SERRECS BUIdiY 255yt BhftsP@8En document in the document base is
analyzedsosts=io &drach pedirant isformatar thersfrom sThibtained

"HQ@H%@Mb§ﬂQ§H&&§¥%%§%%S to the terms in the document o
be searched.

Step 57 consists in distributing the terms in N
groups 58 o0f concepts.

Step 59 consists in projecting each group 58 into
concept space in order to obtain N partitions 62.

Firally, an orthogoral projection 62 leads toc N setsg
63 of reduced vectorial descriptions (RVD).

In a subsequent search stage, following a regquest
made by a user, e.g. tc ldentify a qguery 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 ig/are
gimilar to the guery 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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analyzed. The analysis is performed by a string of procedures that can be
summarized as three steps: 30 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 35 characteristics, thus enabling searching to be made
more concise; and 32 building a fingerprint that characterizes the

deeupgpt usinga small numberof emies. Each dagemebt-dsthesd when
associat(g with a fi&ge&printéhat is specific thereto. 5 Figure 8 shows the

. a . L ST rved. . . . .

inde ing of an image document 52 contained in a previously registered
image babé 5155 <6rdePis eRam ez heliRthge S By @ithite RABEL §f

parametesd that can sitbsegnentiybelstaredzangd maripulated easily. In
StgpsedI8rms RLe eXaciRdf1am LG the decumentdo pe.searehed.and; o ¢

th,eﬁ/ are stored in a buffer memory (step 54). In step 55, projéction is

d b ,
peftoféd i tHetterm=¥pace S the fetBrencd p4EE: fif 4P 56, a vd6racd
dbstriystion iswbtaineddb giVingspetiinaacd Lalugs tp thertermdip themethod

deeumepbits bersearched. Steprik consistsdn disiibuling thedesmsdd Ny st

groups 58 of concepts. Step 59 ¢onsists in projecting gach group 58 into
28 c@ﬁ%éég s]"p()ééf:eoiﬁorae?%gg’tair%s Rppeé’lr%ﬁgﬁjs 82. Final y(,ggﬁliorthogonal

pRIjé TSR 62 FEadafiotteetd8 I of FedsteriVectshd destfplions (RvpY. the
In-asubsequenirsebsel stage; &llowing a reguest madeubya usefuggitade

i oLy Inage. A seach, 28 it made for all suitimedia, dgayments
that are similar or that comply with the request. To do this, as méntioned
elements (SSE}. Each SSE belongs to an outline of a

gcene and 1s characterized by similarity in terms of the
local orientation of its gradient. This is a first step
that seeks to index all of the structural support
elements of the image.

The following process is then performed on the basis
of these SSEs, i.e. terms are constructed 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 suppert can be distinguished: straight rectilinear
elements (SRE), and curved arcuate elements (CAE).

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

dimengion (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 statisticg such as the

numbers of supports of each type and their disgspogitions



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 30 similar 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 35 supports of the image.
Structpakbsupppstsarerdlerients: making: iprasscenevwaidhe dupgerthe
mast significant arq these Pl%rg@,ﬁ”ﬁitﬁﬁf@je‘ﬁ of the scene since they

33 characterize the various shapes that are perceived when any image is
observed “TRISStEE cont&m Sdrading RecurhPSugpors  NeRbnsists in
disntantiiag boundaryraoriescofimayeti:objgets; wheradoindarigs are
charasterizedhynipsatiors inyvhigh high;levels of intensity variation are
observed between two zones. This dismantling operates by a method
that consists in distributing the boundary zones amongst a plurality of
"classes” depending on the local 10 orientation of the image gradient (the
orientation of the variation in local intensity). This produces a multitude of
small elements referred to as structural support elements (SSE). Each
SSE belongs to an outline of a scene and is characterized by similarity in
terms of the 15 local orientation of its gradient. This is a first step that
seeks to index all of the structural support elements of the image. The
following process is then performed on the basis of these SSEs, i.e.
terms are constructed that describe 20 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).



25 The straight rectilinear elements SRE are characterized by the
following local properties: dimension (length, width); main direction
(slope); statistical properties of the pixels constituting 30 the support
(mean energy value, moments); and negighborhood information (local
Fourier transform). The curved arcuate elements CAE are characterized
in the same manner as above, together with the curvature of 35 the arcs.
Global properties cover statistics such as the numbers of supports of
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The stage of constructing the

Table 1

terms of an image also

implements characterizing pertinent textual information

of the image.

The information coming from the texture of

the image 1sg subdivided by three visual appearances of

the image:
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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 5
implements characterizing pertinent textyal information of the image. The
information coming from the texture of the image is subdivided by three
visual appearances of the image: 36 random appearance (such as an
image of.fing sane os grass) avhere Nopatigulas Arranggment Cane sand
determined;, periadic appearance (g chas.a gatterned knit:)ior 5a
or.?ras?) whHeres émr'lc #ar arr n%ﬁmenﬁ can be ]
reﬁ%etl ion of dominant patterns (pixels or groups of pixels) Is observed;
af& FiRANY edirectional appearance where the patterns tend overall to be
oriented inweeiarahoreapiétegedcdiréetians. 46 Ehigpinformpatah Isnit) or
obtajnacl.by approximating e, jmage.ysing pargmetticrepgie S
models. Each appearance is taken into account by means of the spatial
aRd &pettrar@pressiiishs ARRING GE the pertinent information for this
portion of the frhageReriedicikyDsang oriemasort atéeharatterized Byend
SP;%IE% BUPPErtsawhile Hi&é’%i‘dﬂm SRhBeatangete re ﬁ%@@@e@/
eﬁtllmagr%qop%rameters for a two-dimensional autoregressive model. Once
aff ot the perlf‘lnént information has been extracted, it is possible to
moceedﬂﬁﬂ?sﬁ@@ﬂﬁﬁ@tion ig obtained by approximating the
image usging parametric representations or models. Each
appearance is taken into account by means of the spatial
and spectral representations making up the pertinent
information for this portion of the image. Periodicity
and orientation are characterized by spectral supports
while the random appearance is represented by estimating
parameters for a two-dimensional autoregressive model.
Once all of the pertinent information has been
extracted, it is posgsible to proceed with structuring

texture terms.
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20 texture terms. 37 Spectral supports and autoregressive parameters of
the texture of an image Periodic component Total number of np periodic
elements Frequencies Pair ((o p, vp) 0 < p <_np Amplitudes Pair (Cp,
Dp) 0 <p 5 np Directional Total numbeg 9f nd component directional
elements Orientations Pair ((xi, (31) 0 <p <np Frequenciesv.,0<i_<nd
Random components Noise standard a deviation Autoregressive a 1j,
(i,)eSNN parameters Table 2 Finally, the stage of constructing the terms

is often repul ented 8y co%?%?sﬁggrra?ﬁs’ss, “Which{are invariant in

ofefibARRERhURE agam st el PAndRhARGES N camera viewpoint.

1f0?5£?650%:maqe can aISQFlmpllelQent characterlzmqrthe ¢olor of the Image.

& Golouanitfieptior sen becperformesbiarthe red, gregn, blue (RGB)
rethoc-of ndexing by coH Aot F e SFi e mitaions-since &
yives global information ahdU @@ fiEgES S0 that durifgP85 hd&Ring ds -
possible to find images that have the same color histggram hutthapare
completely different. 38 NU 'R%E?Pft%&@%rs propose color Pptqg{oqmﬁ ;H]?t
0 < p = np
Directicnal Total number of nd
component directional
elements
Orientations Pair (o, PBi),
0 < p £ np
Frequencies v,, 0 <1 < nd
Random components Noige standard o
deviation
Autoregressive {aLJr ij)ﬁswm
parameters
Table 2

Finally, the stage of constructing the terms of an
image can alsc implement characterizing the color of the
image.

Color is often represented by color histogramg,
which are invariant in rotation and robust against
ccclusion 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 gpace, but the method of indexing by
color histégrams hag shown itsg limitations since it gives
global information about an image, so that during
indexing it is posgsible to find imageg that have the same

color histogram but that are completely different.
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integrate spatial information. For example this can consist in
distinguishing between pixels that are coherent and pixels that are
incoherent, where a pixel is 5 coherent if it belongs to a relatively large
region of identical pixels, and is incohesent if it forms part of a region of
small size. A method of characterizing the spatial distribution of the
constituents of an image (e.g. its color) is 10 described below that is less
expensi\zmrnetems aiucomputationgivee tharlthe aliovesmeationethat

20d thatis iobust fosd i fotatipns andign shifs. The valous

charac eristics extracted from the structural support e lements together

with e ?)Sr&rﬂef@rétf@%‘r‘ﬂ%lbé‘ﬁo&% CoifstioRal aht rahabnfte
combenents ciithe péxtale fitlua andmdsd thecparaareterswifcthe spapiakel is

distriuitionof the constituentsotthedmage-gonstituje 1theqtermsy that ¢an
beélse for escrlblriz%the c% ntent ofa(ijlocum%nt }'hege rms are £ of
groupedjtogeth%r% constitutd "concep?s in order fo reduce the- == °F 2
alfREiheBf “liseftdinfofidfon" of a document. The occurrences of these

conceptaandihein posiions-and fegueneesiconstiiute He dngemnit obn
acS'PCHH‘ee Nt Hese {ingererints thensagt as links e&’ew%%%” o Sﬁ“e{%

document and documents in a database while s€arching for a document.

ARGRREERRSE D E LR hriftoktain SFathe ‘cifardBieristidgidiients
desonbeckabove. Corsedguently héd eritibyrg marimagediegres iifis, and
detecting the presance, 30.0fiis.qonstituent slements ./ Eiguse 9:shows an

example (ﬁ‘ a flow chart for a éﬂocess of extracting terms_fram an image,

the procg S haa\‘)fﬁgo R¥irSEGE %%f%%%ﬁ&eﬁﬁ alﬁﬁ%% Q&Sﬁﬁe
teshssfisttrtural sopports Weieh hwhérosiprepriatet B5tmhay perameters

peeceded hy=a test for, deteeting stusturals glemenaowhichdgshserves 4e

og}iltethgesé%%7l Ifft:[]ee{%,araen%o gq%%”%%&'%@%ggseters of the spatial
distribution of the constituents of the image constitute
the "terms" that can be used for describing the content
of a document. These terms are grouped together to
constitute "concepts" in order to reduce the amount of
"ugeful information® of a document.

The occurrences of these concepts and their
positiong and freguencies congtitute the "fingerprint" of
a document. These fingerprints then act as links between
a query document and documents in a database while
gearching for a document.

An image deoes not necessarily contain all of the
characteristic elements described above. Congequently,
identifying an image beging with detecting the presence
of ite 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
terme 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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39 Step 72 is a test for determining whether there exists a textured
background. If so, the process moves on to step 73 of characterizing the

textured background in terms of spectral supports and autoregressive 5

parameters AR, followed by a step 74 haracterizing the background
color. If there is no structured background, then the process moves
directly from step 72 to step 74. Finally, a step 75 lies in storing terms and
10 buildiggap fingerprigts. Jhe descripion fetus, i greatsldetall g
characterlzmg%the struc ugal sug}f)ort eéeme%s of an image. The principle
oRFEIEK this CRAFARIER MR- 18 BAsed thnSiits in'HsmaRtiry® moves
beundaryories 6f imagehobretsnte iultitbbes bEsimallvadesslsmentsd

referred rigsas sigaificant sUppo lements (S ShS)anyeyng: vseful
informatiqgn abo o] zones that a ade u f linear strips. of.
amegcers %ené%?g%wga ;&)Yd%f é%é‘ﬂ d& Bfoc arég.gepr 21ng

aving erent curvatures. Statistics about

VARying size, or
tHdse %’cﬁé@t&%@nﬁleﬁ%%yzed and used for building up the terms of
these striicturalseppsrisclrsander tadescrize:npretigaroushethe:main

metheds nvglyeddn dhisappr a%'}vo%d@&t%?d*)@a% IS¢ 2p Wyiften as
being the set {y(i,)), (i,j) € | x J}, where | gnd J are respectively the humber

of rows and e Kunhe? \6FcolGmhs S thelintage ‘3§ e basis Bt
previdukly:galenlafed yerival rgradient images {g"(i,j), (i,j) e | x J} and
horizonteh 30gradient tmades dahihns( DnE § xR tis approachiconsists
n.paritoning he Image denending,on jhe lacal rientation ofts gradient
into & finite nUmbero equidistant ¢ asses 'Hie image coﬁ?tammg e
ofiBAon of the gradient is defined by the following 35 formula:

The principle on which this characterization is

based consists in dismantling boundary zones of image
objects into multitudes of small base elements referred
to as significant support elements (S5Es) conveying
ugeful information about boundary zones that are made up
0of linear strips of varying size, or of bhends having
different curvatures. Statistice about these objectg are
then analyzed and used for building up the terms of these
gtructural 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,3) € I x J}, where I

and J are regpectively the number of rows and the number
of columns in the image.

On the basgis of previously calculated vertical
gradient images {g,(i,3), (i,9) € I x J} and horizontal
gradient images {g,(i,j), (i,j} € I x J}, this approach
congists in partitioning the image depending on the local
orientation of its gradient into a finite number of
equidistant clasgeg. The image containing the
orientation of the gradient ig defined by the following
formula:

o(i,j)= arctan (—?—%—%} (1)
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o(i,j)= arctan Cgn\i~7~~ (1) 40 A partition is no more than an angular
decomposition in the two-dimensional (2D) plane (from 0 to 360) using a
well-defined quantization pitch. By using the local orientation of the

gradient as a criterion for 5 decomposing,boundary zones, it is possible to
obtain a better grouping of pixels that form parts of the same boundary
zone. In order to solve the problem of boundary points that are shared
between,twa, juxfaposed; eae%eeﬂeréeee%peﬂltlgﬁglgleysegcae@egbemn

same number of 10 classes before, b offset %/ half a class On

baBis Ot & cREBES oMY froft 1?hep Fartifiohfgd,” aSimpté ” e ing
prooteilite ¢ohsiserinsatedtinepthbss thattitive thy grestast ridmbérehl

pelsRachpixeldrelongs -bva Slasses, gach comingffopha respective

one of the wa 15)é)art|t(50n|ngs leen th@t each er pot ntlal tam 3
eferientor an SSE, ;)(/ " the'p procedure opts Jfass that CORtains
tH@(jFé%lfelgﬁ%BéPEf pi %1aiﬁéﬁg§#1ﬂ%bs%°t% §I§t§§é’s This Bsnstities

aﬂegmﬂaw};rerze:hhe prababﬂﬁ;a@ff_mdlr@canrssam‘ latges size isthedthdary
ogfRAlfsPessiie ALthe end gf his procedure, only.dhpse classes thats 5

contain more than 50% of the candidates are retained. These are regions

oP P RUpBBR thitareifble fb E5iftdin 88EX Frbf tale stppbR™ ©f
regiens cSSEs dre Detarmibed antf 26 indexedausing: ceftasiecriteffa suble

agdhe following. ength Lfox this purpese athgshald lewgtfp@ﬂeltlonmgs,
determlned and SSEs that are shoEter and Io geer than th eqthres olcjcah__we
o)

counte ; mtgnsfy e]fnea ass’tﬁe mean Ofgﬁ‘]e mojduﬁjs §8 '[h
gFdtfie AE6RtRE PixaleRhdEdnG bpreiaeh SSE (BatiesHolg Witeebrn@sthien two
definedand SSEs thaharey belaw ok abeggéhe;&hresla;eié ase indexeto

aﬁagxﬁg:éfrr%%rln u%ged 35;lhg diference hatwggy e ixel maximum apd,
element of an 88E, if any, the procedure opts for the
class that contains the greater number of pixels amongst
those two classes. Thig constitutes a region where the
probability of finding an 88E of larger size is the
greatest posgssible. At the end of this procedure, only
those classes that contain more than 50% of the
candidates are retained. These are regionsg of the
support that are liable to contain SS8Es.

From these support regions, $8Es 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
thregshecld are counted);
intensgity, 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 S8Es that are
below or above the threshold are indexed); and

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

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

with pre-identified types of structural support. They
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35 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 41 can be extracted from the original image in order to
leave room for characterizing the texturg4field. By way of example,
consider image 81 in Figure 11, reproduced as image 101 in Figure 14a,
having boundary 5 zones that are shown in image 102 of Figure 14b. The
elements of;these-bedndarywones ase ithen dismanited and,odependiag

on the orientatiop of their gradients, fhey are. distubuted amongst the

various classes represented%by iImages 103 to 106 of Figures l4c to 14f.
These vA¥Hol&10%te FEARPCSTstTBThESymilGHT stipport leifent, 11
amdpa statistidakbanalysig¢hdredf senesdoibrild 4p.theaterms dfthedary
suglucakgompenentndriguies 14610145 By wayrqlexample, image e

10 corr%sgm%ds ﬁ a cla.%s 0 g - 45), |ma?;e 104 1t corr%F.ponds tg a 4
cfasE s §0), IMaGE 105 EoRELp &St 4 thss 2 (o0 5 ande 2%
irdagendsnsorespatistbiealass B350 8e)in tessbsenes ofthey are
stueiurakelementsadi-Hs assumedyihatdhe image istextwedanith patiems
that are reqular .20 1.3 greates of lessen extent; anglthe texture figd 15,
then characterized. For this purpgose, it is possiBIe to decompose the

iRAGE RIS T oM POTENtE E BAGHE S BoRRur SHERREON St ToREdfingaRd
anarctia OB random antormationyhaecteas andmage affineudant] opgrass)

in- 2p,which %Qagigg@é@ﬁ@@gem&g&pﬁdetermined; a periodic

component (such as a patterned knit) in which repeating dominant

patterns are oFERNGEY: Hhd fiRafy & difcét8Aal mEeatR 17 whidi e 102
patterrssepdds0 overalltbased orhé br-méreprivileyadlireétons. Since

the-ideads 4o gharasterize acaurately the texgyke of thedmagecen the
b%%@éﬁé%%% J[¥%ageg¥§bs 2 (90° - 135°), and image 3106
corresponds to a class 3 {(135° - 1809).

In the absence of structural elements, it is assumed
that the image is textured with patterns that are regular
to a greater or lesgsser extent, and the texture field ig
then characterized. For thig 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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these three components are represented by parametric models. 35 Thus,
the texture of the regular and homogeneous image 15 written { y(i,j), (i,))
E 1 x J) is decomposed 42 into three components 16, 17, and 18 as
shown in Figure 10, using the following,telationship: {y(i,))}=
{w(i,)}+h(,)}+e(,))}. (16) Where {w(i,j)} is the purely random component
16, 5 {h-(i,j)} is the harmonic component 17, and {e(i,j)} is the directional

CQmPYNent-13. E@éﬁ&%{%ﬁ&%xtﬁ%ctingv inforrpation fram.a degument is
teﬂ;mlnated b estlmatlnqugr%mﬁers J‘or thes three c%mogonents 16, 17,

and 187 ﬁ Lng o are 5escr ih the 10
foIIowmg - &ri g? with an example of a fiéthod

for detemtmgr@nc{ eharagierizing meedmseﬁtwl CONRANENtRHHIR:images
Injtiglly.it Sists i 2 plngag]gl;g! magdel 15 to io I
ccﬁ?nﬁpc})/neﬁ]??e(% }. ?t%?c%%%%ltute éa d%enumer Ie s%ttrqngotfcele fect?%al is

eleifertd i WhicHah cheReE6&atetPwith Higdir StiRkeders Gt ¥grting
defidfingreandnentitiom od adgleudhsuch fmattCrtamd (3d. hy otlreriwardsng

e(drisdafioed by 208(b = ieldh L RRGIBNUCH gach-£(a D (41)1g |

defln ) k(la '(3 XCOS (2naz+Rz (iR+j i7 )xsm
g LR T e e e A R e
a§§6c3imnlﬁ>@(5‘(a£8)a9h%-the frequency of the kth element; and {sk(l(X

- J(3)) anehitk i = {3)hAre dhe vaylitudes. t ihe liregtianal €oganant t hod
&%%Q}Eé géting and characterizing the directional
component of the image.

Initially it consists in applying a parametric model
to the directional component {e(i,3)}. It is constituted
by a denumersble sum of directional elementg in which
each is associated with a pair of integers (a , [)
defining an orientation of angle 0 such that 6 = tan'f/a.

In other words, e(i,j) is defined by:

e(i, )= Z% B)(lfj

O(BO

in which each e“xﬁ)(i,j) is defined by:

Ne
e(mﬁ)(i , j) = ;[ si (icx -3 ﬁ)x cos (2 O{ZV_:

- (ip+ja))

+t;,ﬁ(iumjg)xsin(2n ka ?(lﬁ‘{‘ja))]
o +p3°

where:
+ Ne is the number of directiocnal elements
associated with (a, B);
- v, 1s the frequency of the k" element; and
{s (i - iP))} and {t,(ia - B)} are the amplitudes.
The directional component {e(i,j}} is thus
completely defined by knowing the parameters contained in

the following vector E:

B= Jp(l By {vlk ’ Slk(c z tlk(c)}_f;;i }(%,Bj)ég {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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completely defined by knowing the parameters contained in 30 the
following vector E: E I'RI'{vik'Sik(c),tik(c)}ik=i1(, )eo (18) In order to
estimate these parameters, use is made of the fact that the directional
component of an image is 43 represented in the spectral domain by a set
of straight lines of slopes orthogonal to those defined by the pairs of
integers (al, R1) of the model which are written (a N1)1. These straight
|i&%§3@@@ﬁﬁt@ﬁf«0£(\j&p®§%i i@%ﬁé?ﬁmS&@B&M@@I@p%@m%@a@traigm
associated with a directio element. By, way of illustration,.Figures 15a,
L R Ao EE e

while FigGeetste dRows Bl infdge BS cBRERing e Fafestiohafen (@ 1,
efernents. Figuke Lhalshomis A prot 85darhise dimensionssaf theco subsets

spectiym of 1he inage 840l Hgure, Lo, Rigures 1ahland 1bc) are Futer

modulus images 87, 89 associated respectively with the images 86 and

85 6t "5 Eigures 15b and 15c. In order to calculate the elements of the
vector EByit isepossible 1d asloptan apprddchiiasedion prgjdctirid théow
i?ﬁa&%g‘sdiéf@f%firidji@é?ti@aﬁhT%mﬁ'ﬂﬁ%@%néiﬁ§ ditkRIbindnaking sifent ,
that a directional ¢ onegnt is 20 present before estimating it
Gt S G B b e B e dotEtied "6 the
bdsisest khetrddge- aB6titits spectral properties. If the spectrum of the
image israonsidereskas beiogs dhreectimensionat ipage Xm¥néihs of
whieh 6,035, erresentin. goordigglas:ofiihe pixels apd Z represents
amplitude, then the lines that aré to be detected are represented by a set

of peakd ¢oETRrated BIGHlinesdf ebpeltnatias dutbedusy daages 87,
lokedsoppans €k Igipdct Fgurg Mbai). nimrdémtoyaetetmirmenthess of

pgegf@lcggf@os%q{hliq% it suffices to count the predominant peaks.

In order to calculate the elements of the vector E,
it is possible to adopt an approach based on projecting
the image in different directions. The method consists
initially in making sure that a directional component is
present before estimating its parameters.

The directicnal component of the image is detected
on the basis of knowledge about ite spectral properties.
If the gpectrum of the image lg considered as being a
three-dimensional image (X, ¥, Z) in which (X, Y)
represent the coordinates of the pixels and Z represents
amplitude, then the lineg that are to be detected are
represented by a set of peaks concentrated along lineg of
slopes that are defined by the looked-for pairs (a ;. B;)
(cf. Figure 18al). In order to determine the presence of
gsuch lineg, it gsuffices to count the predominant peaks.
The number of these peaks provides information about the
pregence or abgence of harmonicg or directional supports.

There follows a degceription of an example of the
method of characterizing the directicnal component. To
do this, direction pairs (o,, B;) are calculated and the

number of directional elements isg determined.
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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 35 do this, direction pairs (al, N1) a@r¢ calculated and the number of
directional elements is determined. 44 The method begins with
calculating the discrete Fourier transform (DFT) of the image followed by
an estiae 6fhaqatiosal Sipelids 6Bdeived i fite tiamsforBfatRiRfage
yXiihiB &0 do-thiss m-eiscraieset ofprajectionsds definedwsubdividing the
freguenc domarn jnlo Aitrent, prajeciion aogles QRANIEL BN,
This pr%ectlon set can be obtained in various ways. For example it Is

pbESBR- B EEHCATEER Palrs oF mutually prime 10 integers ((Xk, PK)
defining@am ainglelQls sueh thatGle ttans e ok where @ edki® s Arsordief ined

Séﬁ%&aﬁﬁﬁﬁktﬁg @%ﬁaﬂ&ﬁr%@i@@%@%%@@éﬂ '
projections, Symm t@/ pg)pertlr?s can }t{hen be used for ohtaining all pairs,
BHS 2R TheGe Bt Ge Lo iigle.T6 for 15 ak, PKE AL Con
peEsiEctitg dfthelmadiies of the BFTopRthezirtage SR peHomied aldhgl ¢
the-argle QK agh prajection: genergies AwvesionRftdiRENSION-Emé( ., ,..),
Writtgn VK to (s&mpli She n%tation, which coniaeiné the qu%(eg-f% 20

5. d . h
directional informatibh. Eac lpr%f"? tion VK is glvenkbﬁltjﬁ:e formula;

Vi 3B (S 3khtiaA O<eejPk—<]-1,0¢ jetinles- (2Qrmwitthaz-iNisjak B,
and 0<-Inl<Nk and Nk=lakl(T-l)+&kI(L-1)+1, page 40 where T*L is the
size;ofdhedmagesyetiisZb thednaduiys of e Feurekiransferm of the

wIsselge psemess. o emt Yol S o) rproL VS
pairs up to 2n. These pairs are shown in Figure 16 for 0
< o, By S 3.

The projections of the modulus of the DFT of the
image are performed along the angle §,. Each projection
generates a vector of dimension 1, V, ., written Vv, to
gsimplify the notation, which contains the looked-for
directional information.

Each projection V, is given by the formula:
VelLi)=> Wi+1B,,j+1a, ), O<i+if, <I-10<j+1a, <J-I (19)

with n=-i*p, +j*x, and 0<n<N, and N, =l [T-1)+BJL-1)+1,
page 40 where T*L is the size of the image. w (i,]) is
the modulus of the Fourier transform of the image to be
characterized.

For each V., the high energy elements and their
pogitiong in space are selected. These high energy
elementes are those that present a maximum value relative
to a threghold that 1s calculated depending on the size
of the image.

At thig stage of the calculation, the number of
lineg ig known. The number of directional components Ne

ig deduced therefrom by using the simple spectzral



10

15

20

25

30

35

elements are those that present a maximum value relative 30 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 fherefrom by using the simple
spectral 45 properties of the directional component of a textured image.
These properties are as follows: 1) The lines observed in the spectral

demainota (directional.compaprentareisyramstical relative to-ther greq

orjgin. Conseﬁuently it isgossible to reduce eﬂnvestigation domain to

colvear%%ly ha %?ft?hg) ShiaT lu%%e?%%ngi%leré?ﬁonqﬁ The maximums

retained n tiid:¢edtbnafe Waselioees for represeptinginés delsrigingfo &
19 directianal slemenissm thesbasis phikaewlesge ofdharespectvaehe

B%ﬁg%ll%‘?f tr@éﬁeiqg{eééj&?e@odgpsi%f rtpug disgrete Fourier, i%gsq%@

. S possit ce the exact number of directional elements.
TREVRSRLHR bE fife A MEXirh BmECOFfdspont 83 afdurh8ft SRR 15
maxirumoairthédrectarivis the other lines of the same element being

situated gyentmin{l T The preieginp amechaniam js shown in Eigure 17

for%%?k, Pk) = (2,-1) . After processing the vectors Vk and producing the
26 YLt f)ﬁirg? IGTHE R bERT oIS O BIEHREWRT &th pair are
obithireek: osahus pewssibiesto count the tatabriumbér shaolirketigwalof the
elements by-using the-twe abee-mentipneds praperties, ana thedairs efe
integers (dk,p Zhassocia ed 25 with th components are.identifjed, i.e.
T o Lo oFhOTS RS (hAcs 1 ase Tt Eianed. Eaaire
of- R SRS (ARG Te Stim St te’ FreglieRdieddt elch dBisctegsition
elemenicanike doaes immediaialy.db caasiderationds givpmenlelyds thae
maximum of the vector V,, the other lines of the same
element being situated every min{L,T}.
The projection mechanism is shown in Figure 17 for
(akr ﬁk) = (2 ; "1) .
After processing the vectors V, and producing the
direction pairs (&kJﬂ), the numbers of lines obtained with

each pair are obtained.

It is thus possible to count the total number of
directicnal elements by using the two above-mentioned
properties, and the pairs of integers &ﬁwﬁa) associlated
with these components are identified, i.e. the directions
that are orthogonal to those that have been retained.

For all of these pairs (QRJZJ, 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 id, - jB, =c¢, then c is the position of the
maximum in Vk, and thege points constitute a harmonic
one-dimengional signal (1D} of constant amplitude at a

frequency »“". It then suffices to estimate the

frequency of this 1D signal by a conventional method
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30 points of the original image along the straight line of equation idk - A =
c, then c is the position of the maximum in VK, and these points constitute
a harmonic one-dimensional signal (1D) of constant amplitude at a
frequency PS"). it then suffices to estimgte the 35 frequency of this 1D
signal by a conventional method 46 (locating the maximum value on the
1D DFT of this new signal). To summarize, it is possible to implement the

methnd ComPrisiRg feealewing siepsch Retermiping-thegpaximym ety
e%(::Lh Bg%'?ction. The maximums are filtered so as to retain only those that
are grea er'than a threshold. For each maximum m corresponding to a

pair (Cak93RY " elfgmbéf of- Fndxassdeisted Wit edigpaitts tie method
determinedi tiamdthe ahwyesdascsibedqsoperties. The frequency

associalglif (akyk) el coriesnpnding i bedgtsgsection of

the horizontal axis and the maximum line (corresponding to the maximum

of the retAMEATOBEIBNF S ThdreToRowE A dsscription ot Howigy those
arriphitudese{keR)(grand ftkal) (thaesltalcdlated, which are the other

parametersreantainesd indhe ABRVR;MeBtioRedeeionE. Given e r (4,4, ).
direction &k,A) and the frequency VK, it is possible to determine the
amplitudes SR TP EAd Ba'PYES 2P RSHiERh the fofthtfh BR-5/3k®
=detsing andeinddovlatiohanefhode 9 (S3(cy idedualtothe ieam. of the

pixels along fhe straight ling of sauation iak-AEE oy ihg Newdmagedhahred,
is obtained by multiplying j(i,j) by: k a,P) COS V 2 (=ak + jak_ak + Rk 2 25
TRRIEFFROMHES 4 rohBRsI RFHRAICE LPR( HEoS Yk DA 250k pdo)2fi =

Nsnd-JPre alasllkum line (corresponding to the maximum of the
retained projection).

There follows a description of how the amplitudes
{§,(f"6}(t)} and {f‘,ﬁ“*ﬁ)(t)} are calculated, which are the other

parameterg contained in the above-mentioned vector E.

Given the direction (&k,[)’k) and the frequency V,, it
is possible to determine the amplitudes §$ﬁkc) and ﬁ“m(d,
for ¢ satisfying the formula idk—uﬁirzc, using a
demodulation method. E,E“’ﬁ}(c) ig equal to the mean of the
pixels along the straight line of equation i&k—jﬁk =c¢ of
the new image that is obtained by multiplying ?ﬁhﬂ by:

I;;Ea,ﬁ) .
Cos| —5 = (1,8,{+j0:k)
&, + B,
This can be written as follows:
(e, A) 1 ~ 1;;((&’/3) - N
S,E“’ﬁ (¢)= —— Zy(i,j)cos W(jﬂk +jak) {20)
N, 655 ¢ B
where Ny is the number cf elements in this new signal.
Similarly, f,f‘”’ﬁ)(c) can be obtained by applying the
equation: '
e, ) 1 s s ﬁi%ﬁ) A .
A (C)E-—A}W Zy(z,j)sm —;mz——mrz—(tﬁk+1ak) (21)
s id-jf=c k +)6k
The above-described method can be summarized by the

following steps:
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where NS is the number of elements in this new signal. Similarly, tka'P)(c)
can be obtained by applying the equation: 1 (a,P) 30 tka,P)(c)_1
Y5(i,j)sin zk 2(=ak+3ak)j (21) A', id j4 ak + A The above-described
method can be summarized by the foll \A/ing steps: 47 For every
directional element (aklftk), do For every line (d), calculate 1) The mean
of the points (i,j) weighted by: COS 2k("#) k //)~ 2 (/Nk +.~ak/ ak +Nk 5
This meag, cogresponds iathesestimated.ampltude k T@%)Thgcgnean of the
points (i,j) weighted by: v(a,fi) sin(, 2 2(Zflk+/ak) k +11K This mean
correspdtffs t8¥R&E Bstiffated AnplFGdSHAHI®. Table 3 below
summarizes the marh stepsain the khprojectionsmethotl) Stef §hCatcuate
the set of projection pairs ((x k' Pk);®p) Step 2. Calcylate the modulus of
the DFT of the image y(i,)): w{w%w@ﬁkj»m jE For every (ak, Pk)
e Pr calculate the vector Vk: th Of)rofegtion of yr(w,v) along ((Xk, Pk)
using equesion cd SteméiDetecting lises:ikat evenniaki Piye Pral#(d) |
determine: Mk=max{Vk()){; i calculate nk, the numper of pixels
significant valuie?er)%b%(rjl)[‘{éérae% Q%uns&ﬁe %?djggtlsong)l’ 1) ngﬁ‘?’d Py:

il —%__[ip 4 6

$ niﬁkz +ﬁk2 (z/ﬁ’k +j05k)

This mean corresponds to the estimated amplitude Eﬁﬁ%d).

Table 3 below summarizes the maln steps in the

projection method.

Step 1. Calculate the set of projection pairs (o, B, €
P,.

Step 2. Calculate the modulus of the DFT of the image
?(i ' j) : IIj((*) ,\))m iDFT(Y(i r])x

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

Step 4: Detecting lines:

For every (o,, B.) € P,
determine: Mk=H@Xh&6»F
J

calculate n,, the number of pixels of significant
value enccuntered along the projection

save n, and j.., the index of the maximum in V,

select the directions that satisfy the criterion:

bl NN

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

the directions of the loocked-for lines.

Step 5. Save the loocked-for pairs (@kJi) which are the

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

Table 3
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save nk and jmax the index of the maximum in Vk select the directions
that satisfy the criterion: Mk > S, nk where se 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 t e8Iooked-for lines. Step 5. Save
the looked-for pairs ak,Nk 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 harmonic component {h(i,j)}. This 5 component can be represented

as a finite$unt of 9Bt Siewavdsspription of detecting and
h@p=ECRcosRy{inP Hep@RginlkcéinmPeivd), (20oPxk wherne:ircRandmage,
DEareapplitides;: 10 P, whhis the-pthspatiabfreqyenay. figure 3al s
shows an image 91 %ontainirll‘%gerigdig comgernts and Figur Ig iisa

C cnent ~can e re enteaed S init Uun- o
syn‘iﬁlgsuea image contam?ng one perlo?:hc componeﬁ?t. Elgure 8a
skowsdaiARage 92 which is an image of 15 the modulus of the DFT

presentin et ofpgaks., Figure 18b2 is @ 3D view 94 of the DFTwhi%h‘f
shgcﬁhé[)th res%%sczg%fw & gyﬁw‘gﬁ%fréaf%a%@fm p’e'glzsii’ 95’ 96. In the spec{ra )

domain, the harmonic component thus appears as a pair of isolated
pé’a?srﬁat are symmetrical 20 about the origin (cf. Figure 18 (a2)-(b2)).
This companentréflBgtsittre existehcedt periodicities in the image. The

information(ﬂﬂg; iﬁzgq be detemiped iratial frequency.

Figure 18al ghows an image 91 containing periodic
components, and Figure 18bl is a synthesized image
containing one periodic component.

Figure 18a2 shows an image 92 which ig 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 isclated 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={plc,.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
parameters are estimated.

Detecting the periodic component consists in
determining the preéence of isolated peaks in the image
0f 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
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constituted by the elements of the vector: 25 H=t'fCp,Dp'cop, vp )P1 (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 parameters are estimategl, 30 Detecting the periodic
component consists in determining the presence of isolated peaks in the
image of the modulus of the DFT. The procedure is the same as when
detesmining the girestional companents. droptthes mathod deseribed i
Talt%le 1,i the.valu%krfk obrtained 35 gl%ring tage 4 cl)f the method th
d&sGised in Table 1 1s 18SS 46 than a thtesho ,O then ig&%:?eocpg@éﬁ(s are et
pfesEnt Bk ehafarterizethedpreésaideBPa RhakhbARic component, rather
than peaksathat tara a Ceatinueuplind. dGharactefizéig:the petadits to
C‘i@@%@?ﬂ a@l?é'”iss@%éé%a%ﬂ? isplated peaks,I0 the image ofdpe., -
modulus of the DFT. These spatial frequencies (bp,vP) correspond to the
pBLitibAS oPSaid peaks: (wp,op)=argmaxw(w,v) (24) (w.v) 10 In order to
calculaté e aniphtdes !GP o) e eheprodiffatitn/ metiorBREEY &fdihe

engggrilg)ﬁge Oagnggtygeﬁggg}:e:directional component. For each periodic
element of frequen )p t rresponding amplit is identical to
the mean of th§0§15%ifelg¥%£%e‘%%\’/ﬁage obtained b@gﬁ)ultiplying the
image {y(, | cos(iwp + jvp) . This.is represented by the follgwin
equation¥s£:1 f‘%gr)érfcici E%ﬁlyﬁﬁ,&m cos n%er%m%?/)l%z%c}be}é xiéﬂ’,l}isvﬂo%-l TI
Dipemdydilaytos(nbetmvd) {26)used as for estimating the

amplitudes of the directional component.
For each periodic element of frequency @%,ﬁj, the

corresponding amplitude is identical to the mean of the

pixels of the new image obtained by multiplying the image
¥, /) by coﬂh@,+jﬁp). This is represented by the

following equationg:

: mLii {n m)cos(nc?) +m!?) (25}
i Lxrn:(}m-:(}y ’ i ?

D, =t ii ( )cos(a"; + l?) (26)
p—LxT":Mﬁ(}yn,m ne, +mv,

To sum up, a method of estimating the periodic

component comprises the following steps:

Step 1. Locate the isoclated 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 ite frequency using equation (24} ;

calculate its amplitude using egquations (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 autcregressive model of the non-
symmetrical half-plane support (NSHP) defined by the

following difference equation:
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LxT_, 20 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. Foreach detected peak: calculate its
frequency using equation (24); calculate its amplitude using equations
(25-26). The last information to be extracted is contained in 25 the purely

random ngmen;gv&'&,’j])@(ﬂhjé fomporgntimay be representegcy a 2D

autoregressive moedef,qf the non- symmetrical half-plane support (NSHP)
dgfined by the Hfollowing differeace eauatien 80 Wiz determined for

Yakrw(i-k,j-)FUl§E27) (k)=SN.M where {ask,., }(k,i are the parameters to
be-detarniiked folbeVveng(kKk belong to: SN,={(k,l)/k=0, 1<-1:5M}V{(k,l)/

1<-k:5N, -Migl<=Mk % T he-pair (NsM)<istkod(un B the arder, of the o]

{u(i,p} is Gaussian white noise of finite . variance c'. '%'] arameters of the
o B DB WS, R TaE ) BEG5) 26 T BRoses o
estimating {ivel élehdnts of §7aee Lumetouse soet as ferfexdmplesthe 2D
Lewnsenaigosithm for adaptive methods of the least squares type (LS).

Thete (pliowe 4 descriionof 4 method oL dhprasierizing the color of an
image fr @p riiszlf sired tq extract terms t re feserrngin iconic

characte |sﬁ OM &im C&eﬂ*,os'\l_lf%er,e(}:olor is a parti_cu_lar exa 6I of _
charactegjplics dhalcan eampse piher, characteristics such as ajgelraic

or geometrical moments, statistical properties, or the spectral properties
oF?@?ﬁ%ﬂaoiﬁHﬁEk@ﬁném@nﬁfamp1e the 2D Levinson algorithm

for adaptive methods of the least squares type (LS).

There follows a description of a method of
characterizing the color ¢f an image from 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
characteristices such as algebraic or geometrical moments,
gtatistical properties, or the spectral properties of
pseude-Zernicke moments.

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

The method developed ig gshown 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 gpace, the image 111 ig trangformed from RGB gpace
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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, value (HSV) space. This produces three
25 components: hue, saturation, value. Qn 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

valyes represgit dae apgular anghannulay distibptor of oIt 305 mage in
rePPSr%sentlngeeach component, and also the number of points of the
compoﬁgﬁt in‘question. The method developed is shown in Figure 19

using, by waylsVeraaple, pee Iscaniefiead. #vafipstingm step 110,
starting fio@ amimage i85 dvrREBspagathe imageddyl, iswhere each

trglﬁ%"{?ém%g tom 55%% space e51 into HSV space (step 112) in order to

obtain an image in  HSV space. The HSV model can be defined as
follows. BieYFBtvares(Sver thdTaf§e F0YSBOL Wheréa2h (8 ahfte
representsraghuércSaturation (3); varles-evertthesarge{Q iy measuring

the;purity of colors.thys serving o distinguish betwaen golorsihat arg « - oy

“vivid”, "pastel”, or "faded"”. 10 Value (V): takes values in the range [0 1],
inchaa(ggéith'e lightness or darkness of a color and the extent to which it is
close to Vithitecor Black. tRieeH S¥amede! ista hbre-linsaotarisfoimation of

then RGB teadelnZhe fwimar:aye san gistinguish 148 hues, 1130 %3 the
satu atiotns and.23 %hadtes. For white, V = lha d S =0, hlack has a value
V@géen i) $#V o 1

O whi <) osSe’ toc W or. b .
andthue an& sa%uraﬁon anc?S are undetermined. enV 1and

S = 1, thERRhETHIGI8pliré. EdcHevlor i GitaineaaE Agding bigek &f the
WRite tewod2 the pute=Ctlofan eye can distinguish 128 hues, 120

saturations, and 23 shades.

For white, V = 1 and 8§ = 0, black has a value V = §,
and hue and saturation H and S are undetermined. When V
= 1 and 8 = 1, then the color is pure.

Each color is obtained by adding black or white to
the pure color.

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

Going from the coleor image expressed in RGB
coordinates Lo an image eXpresgged in HSV space, is
performed as follows:

For every point of coordinates (i,7j) and of value
(Ry, Gy, B} produce a point of coordinates (i,7j) and of
value (K., S,, V), with:
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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. 25 Going from
the color image expressed in RGB coogdinates to an image expressed in
HSV space, is performed as follows: For every point of coordinates (i,j)
and of value (Rk, Gk, Bk) produce a point of coordinates (i,j) and of 30
value (Hk, Sk' VK) , with: 52 Vk =max (Rk,Bk,GKk) Vk-min (Rk,Gk,Bk) Sk
V. 5 Gk BkdfndkisregealdoiRk Vk -min (Rk,Gk,Bk) Hk = 2+ Bk -Rk if Vk
is equal to Gk VK -min (Rk,Gk,BK) + Rk -Gk if Vk is equal to Bk V. -min
(Rk,Gk,Bk) 10 Thereafter, the HSV space is partitioned (step 113). N
colors are, e s given to hue, saturation, and value.
When N equals 16, thén the colors are as follows: black, white, pale gray,
dark gray, 15 nfedium gray, red, pink, orange, brown, olive, yellow, green,
sky blue, blue reen, @Iue,BpurpIe magenta. For each pixel, the color to
which it belongs : reafter ithe iurhBeratgaintschaling
each color is daleulated. 20 Trr'a ézecond main step 120, the partitions
obtained durinig the first main step 110 are characterized. In this step 120,
an attempt is made to characterize each prgwous obtaine g partition Ci.
A partition s défingd By its igonic gemponé t arfd b thi& &BordiatE of

R, —Gy

+ if Vi 18 equal to Bx

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 fcollows: black, white, pale gray, dark gray,
medium gray, red, pink, orange, brown, olive, vellow,
green, 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
coleor 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 previocusly 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 (clocud of points). The method
begins by calculating the center of gravity, the major
axis of the cloud of pecints, 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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25 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 30 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 53 points making up
epch uf thenslili-partitionsaTheqfotéss vfbharacteriziog.a parfition Criscess
as folloyys: sealgwlatingdhe center of gravity;andsthes origntatipn .angle of

the componeritsuqa efinin%ﬁhee CEjSeparéi%org)i[f]g ir%d%xi tcalculgti@g the

angular disTDULION Of the points o the par itiGh Gl in"the N directions
opEitinga EdGMerElgeiaNiRE, IR SERTRATE S dEinsteAd felivs: te 360
2%36@ DSHO(INE)x360=MN: N N N 10 partitioning the image space into
squares of SONGEAICAYT A0 calgyiAln0 LGRS ee LI M ne s

points corresponding to each iconic comgonent. The characteristic vector

iobthRfedRehithe Hurberdt gdifits bf Eheh HistABE R BF B5LRE, the

16oumtlseradfqoimtsdr the 8 angukér-subedistriniond ednid aieawinilodriofws :

image points. Thuss the chasateristic vectersis sepresentell by ) ki3 s/alues

in this exa %Ie’. Figgre 19 skows theé secongstep 120’of procgssing on

20 the basis of iconic components CO to C15 showing for the

component=aCOi(maeculed 2ihand@tfs: (rapdale 131 othequariess steps

updertaken.i €. apgular pattitioning 122« 3¢ lsading 4 apunber ehe

points in the eight, orientations under consideration (step 123, 13%#{and

DB G FarkiEGRING 192 13%7830NG o SPUTRBRY of BBTEs SR the Rt

eight radihenderedorsidaraton (stépupsr is obtained from the
number of pointe of each distribution of color Ci, the

number of points in the 8 angular sub-distributions, and
the number of image points.

Thus, the characteristic vector is represented by 17
values in this example.

Figure 19 shows the second step 120 cof processing on
the basis of iconic components CO0 to Cl5 showing for the
components C0 (module 121) and Cl5 {(mcdule 131), the
various steps undertaken, i.e. angular partitioning 122,
132 leading to a number of points in the eight
orientations under consgideration (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 (C0 or Cl5 as appropriate) in the image
{step 126 or step 136).

Steps 123, 125, and 126 produce 17 values for the
component C0 (step 127) and steps 133, 135, and 135
produce 17 values for the component Cl5 (step 137).

Naturally, the process i1s analogous for the other
components Cl to Cl4.

Figureg 20 and 21 show the fact that the above-

degcribed process is invariant in rotation.
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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). 30 Steps
123, 125, and 126 produce 17 values for the component CO (step 127)
and steps 133, 135, and 136 produce 74values for the component C15
(step 137). Naturally, the process is analogous for the other components
Cl to C14. 35 Figures 20 and 21 show the fact that the above- described

process fs,aright ot aotybfe TOES Hide £xapPle AL Fighie 20; dhe
Image IS pal’tltl ned in two su sets, one contalnln\% crosses x an the

oftfEr TirEre T Artdt dAICLISHNG T ceMBF of Yraty 4nd e 6R&R RIS 229

ahfjle @tasoriehtatiorsindex Shistobtained thdtednables four egrgutr of

Z@Q‘QM b -_ﬁi?n_ﬁl(tao%tﬁga %%@e%@}]t@d}? %l?lt@llrbef(b Th@_'i@agﬁﬁgeg_[tﬁﬁﬁlﬂﬁlr index
istribytion.is performed, with the numbers of paints_on a radius.equal tg, .

e e e S ARe, IR 10 e 2

vE&tdr VP Barattétistictst the iha§e Breigure 20: 19; 6; 5; 4; 4; 8; 11.

The imagraffFadurer2] iobtainety itring the timageief bigufe2Bed,

thyough 80 By apnlying the aboye mmsthad tofhe image. of Figwe, 21,

vector Vi is obtained 15 characterizing the image and demonstrating that

tH TBtatBnhasavh HiIuBALE bntRe THAFAAE iSHC-GALtBF SFhis MARSS it
ppssiBlectosconciudestitab thé/ thethed i mvarisint in mfatidre Asnage of
mentioped aboves methods making, it possible to 20 obtain for each

image the terms represenfing the dominant_colors, the textural properties,

or the s%%lcﬁuﬁe%a hcefd%ﬁ Tant z%#:e% of ﬂ?etfirﬁé}geg c}%{’ﬁ B lépﬁﬁegd che
edliagipwell HimemtiRé irhhgew ko pBitionsFof tAEhHGEITHER foHeWSs
anbf e sl sedptioneofi thegeroeess izpawhereby & doswwent gan be ocbtained

S%%%%Qg%%EE%@%%I%HQX¥%§§e and demonstrating that the
rotation has no influence on the characteristic vector.
This makes it possible to conclude that the method is
invariant in rotatiomn.

Ag mentioned above, methods making it possible to
obtain for each image the terms representing the dominant
colors, the textural properties, or the structures of the
dominant zones of the image, c¢an be applied equally well
to the entire image or to portions of the image.

There follows a brief description cf 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 deccmposed into blocks with
or without overlapping.

In a gseccend possible technique, dynamic
decomposition is performed. Under guch circumstances,
the image is decomposed into portions as a function of
the content of the image.

In a first example of the dynamic decompogition
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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image portions for characterizing. In a first possible technique, static
decomposition is performed. The image is decomposed into blocks with
or without overlapping. 30 In a second possible technique, dynamic
decomposition is performed. Under sucgm circumstances, the image is
decomposed into portions as a function ot the content of the image. In a
first example of the dynamic decomposition 35 technique, the portions

a d I ' Si ri iNts i i
e el o P LB et S

stEZEgdentytisdd B Hat Sl o SRIFnBAHRY Sreffin fasefin il Hhet Do
ingag® poimy argyfused widmeher germs avirgethelsamd svisual propestiesn
(statistics) i ordertopreduce the peHions,orithe segments of the 3¢
image to Ee c}i;ara%erlzect In another technique that relies on hierarchical

1 e o] characrerl Zed. .
segm%nta or. the Image pom%s are fused to form n first classes.
Thereafter, taqioss cfedthisiihe Elxsesedreade cOmMposathined iral
clesgesandisocen untidhedasiegdihnembeeotclasses s reaghed  first
Duying fusion, paings.arg allocated Lgégflé‘s%%st%%%%- ACIBRIS 1 asses
represented by its center of gravity and/or a boundary (a su.rrounglng ‘
bBX Sa SEGATENESEEUAREC )T e ARfiT SteprbfEPnidthotibf 1 the desired
Charstoterizig thien d8cshapesrefearnistage arerdescribedikeiowpShape are

chamglerizatiopds pedoppeddn a plyrality. of steps; 10 elimipalea zoapk.q
effect,or variation due_ to movement of non-rigid elements in an image

(MEvemEnt 5 Zotiigad IEHRE I a T, ©%), th i issutfedidd 1o v nding
nitdtireselusiearsidwed bywieecimation. To reduce the effect of shifting in

translatigRcthea MRage epinage Portiamisdepresentad,by its FOURr the
shapes of an image are described below.

Shape characterization is performed in a plurality
of steps:

To eliminate a zoom effect or variation due to
movement of non-rigid elements in an image (movement of
lips, leaves on a tree, ..), the image is subjected to
multiresolution foliowed by decimation.

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

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

The following steps can be implemented:

a) multiresolution £ = 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) = £(1i,j) with i = l*cog(m) and j = 1l*sin{m);

c) calculating the Fourier transform of g : H =
FFT(g);

d) characterizing H;

dl) preojecting H in a plurality of directions

(0, 45, 90, ..): the result is a set of wvectors of



transform. 25 To reduce the zoom effect, the image is defined in polar
logarithmic space. The following steps can be implemented: a)
multiresolution f = wavelet(l,n); where | is the starting image and n is the
number of decompositions; 30 b) projection of the image into logPolar
space: g(I,m) = f(i,j) with i = 1*cos(m) and j = 1*sin(m); c) calculating the
Fourier transform of g : H = FFT(Q); d) characterizing H; 35 di) projecting
Hanweeplkiality ohdiections: §Q, 45, s+ 1he kesulfds g sefaf vegors of
56 dimer]:s[on eqgual to the dimension of the projection segment; d2)
c%%ﬁl‘é%%g the statistical properties of each projection vector (mean,
variance, momé@sts). 5 FHe tefrirapiesentiig shapd prcomstinmedtbietheot
valuer of the statistiealsoperiesnaf eachyiojestion vewale s CLAIMS
1. A metpod of é'}%e%%%%%%ﬂ%éﬂ%gho E“tfsth@o?ﬂ% 9,809 the

characterized in that it comprises t Ing steps: 5 a) for eacr _
dBedmefit, ierithing HHd StttadthgP FtRRT o titte § Py v etSIg et ion
claracterizing properties of the multimedia document for indexing, such
as shape, texture, color, or structure of an image, the energy, the
oscillation rate or frequency information of an audio 10 signal, or a group
of characters of a text; b) storing the terms t characterizing the properties
of the multimedia document in a term base comprising P terms; c)
determining a maximum number N of desired
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15 concepts combining the most pertinent terms t;, where N is an integer
less than P, with each concept ¢ being designed to combine all terms that
are neighboring from the point of view of their characteristics; d)

calculating the matrix T of distances between the 20 terms t, of the term
base; e) decomposing the set P of terms t of the term base into N

portions Pj (1 Sj<_N)suchthatP=P1UP2...U Pi...vPN, each
pérBANE comprising a set of terms t;j and being represented by a

cancept g thederats tibemg 2o disirikuteddl sudh aunanner, thaktenms: hod

that %eﬁfaéﬁhe{a%\ﬁ@éﬂ%&o b found in, disfingt nartians Byl PRWILG 1 g

terms that are closer together are to be found in the same portion P1; 1)
stfi8ifrig a concept dictionary so as to 30 constitute a binary tree in
which the ledes cantaindbeucemdepts deofithédictiprany andthe nodey

Of@%ﬁ@eciCQfE%ié‘éB@d@fQﬁm@?OQé@@%%%arbfﬁ%&ml%Eﬁ?g”%% NG es
a sgggegof ide?ifg%}eq a dogument bg com aring it with previ%s%/-in exed
déeun ST & gcilc?ons?rﬁ%ﬁlﬁél a fln%erplﬁln Basehade %p SFthé Sét™
oftericepts cErdpresenting thaermsa ofthé B8 ldecianeftdstoiteray ., the

ind@&qd;%a@ib@lpmgmgaeim@@@ﬁﬁﬁagedim;@mﬁﬁgief@rmt that isludio
specific thereto. 2. An indexing met according to claim 1,

chsalrggtae#'zeg "5 Elin, that eac @co%@éggtg (%to rtr%e ﬁ%%egrp%%t{r%ése is .
associatéd Withd 85 S&tcdmpising the Hmfserof 1&g NSeT Rir e T 2858
decliménrtsmn Whicte thescaneeptenis presentt s-rArbinglexmgnmethachg P
aC&QfQ@QQ to claim 1 or claim 2, 10 characterized in that for each

document in which a  concept ci is present, a fingerprint of the concept ci

is registSreditREHORERRER, Sad HRYErpHArRGhtdiniAg heSrediency
witlendrigh: thecconciept coochuesihet identities:eficoricapts neighbdringe N is
thgcongepteirn the 15dochment;,and ascore which-isa mean yalye of

S| ggg%%ed to combine all terms that are neighboring from
the point of view of théir charécteristics;

d) calculating the matrix T of distances between the
terms t; of the term base;

e} decomposing the set P of terms t; of the term base
into N portiecns Py (1 < J = N) such that P = P, U P, .. U
Py .. U Py, each portion P, comprising a set of terms t,,
and being represented by a concept c¢.,, 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
same 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

gy constructing a fingerprint base made up of the

set of concepts ¢, representing the terms t; of the
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measurements between the concept ci and the terms ti of the document
that are the closest to the concept c1. 4. An indexing method according to
any one of claims 1 to 20 3, characterized in that it comprises a step of
optimizing the partitioning of the set P df$erms of the term base to
decompose said set P into M classes Ci (1<_i <_M, where M5 P), so as
to reduce the distribution error of the set P of terms in the term base into
NIRSFHBRS 2% (B, Pai nORSihe RP&ELFR6MBAT iSfeptesaittabithed
terd:th thatfis takarpas.the cdrcept £1 sthecerfdrcthabisc eicommitted e
being such that e = let where ¢ =Ed 2( ti'tj i=i 1 1 -;EP~ is the error

committed by replacing the terms tj of ortion P, wjth ti. 30 5. A ,
ettt AT BE GBI Aa § AR btor ol L that FUBRRFEEE: 22

therfolibwingestepsciyaeedmposing thHasetiP o teraisiinto B poitions P.
and £2; 59 xdetermining the: twe termsiddrand th of the-setithat ase therms
furthest apart, corresponding to the greatest distance D., of the distance
okt o lfecenhi S A s st 4o A gl vk o
distance Dki between the term tk of the term ti is less that the distance

Dk;.be«h\z_\/eﬂm@ﬁitﬁgnmkémddhac@ﬁm&j&,mydﬁbse,ml‘ocaninguthezn&rmntkzto
thé? qrion B1, and otherwise allacating;the term th to the partion, R2; and

10 Iv) iterating step i) until the desired number N of portions P has been |
oSEIHERR Gritk oh Tach§RFHfon Aphhyidg IRF SRbsTif ahSii st terfms *°
ofrthgi porions R and2idS@eAn indexiny methsd: gccordingtotaldin. 49
ortq{@nh';}equ‘@[@?tewgg@ll iRethad it 'BHHd%%QEEEF&ZBéLO%é@ﬁm the
identities of concepts neighboring the concept ¢, in the
document, and a score which is a mean value of gimilarity
measurements between the concept c; and the terms t; of

the document that are the closest to the concept c;.

4. An indexing method according to any one of claims 1 to
3, characterized in that it comprises a step of
optimizing the partitioning of the set P of terms of the
term base to decompose sald set P into M classes C; (1 =
< M, where M £ P}, =o as to reduce the distribution error
of the get P of terms in the term base intc N portions
{P,, P,, .., 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 € = zzst. where sh::EZdﬂtijg)
=1 1 T e i

is 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:

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

i
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from N disjoint portions {P1, P21 ..., PN} of the set P and N terms {t1, t2,

., IN} representing them in order to reduce the decomposition error of
the set P into N 20 portions, and in that it comprises the following steps: i)
calculating the centers of gravity C. of th€ portions P1; ii) calculating
errors cCl = Yd2(C,tj) and st1 _ tjepi Yd2(ti,t) when replacing the terms tj
of the portion P, tjcPI 25 respectlvely by Ciand by t; ||§ comparln st and
cc and réﬁlhcﬁ‘@tlet'ﬁ“@fﬁ% £hgt Tamy WE@EUF&U@@ n‘éw‘dfsté set P
migttiEx: Thetweea thextenmstt of the termcbaseapditlie processtdfe

decamposing; 30the set B of terms.of the term basg intpy pertions,

unless a stop condition is sAtisfied with_tct -Ct". < threshold, e ct where

sc’ repr s {78 efidF Bomftitte drat fiistafift 566 fAr?fﬁ%lr&ﬁfgr’r%eﬁ?odsee
actordingrtotdmsy dne ohuldms,l tbed whenractbrzéd imthiat fof tHene term t,

PuUrpose0f strcturing the sencep! diﬁtloﬁé%@é?@\&%l%%arﬁls and the
produced |terata/ely on each rati n glr}pln%b¥ sthtlr]CthhehS set of

cdcnceptsmto fwo subsecfe and then serfgctln oné subskt on eac portion
itéaticranti the desed RUAMSE 6Frgrobps |§?6§f&|ﬁfed o uRliFa BESH-1 o0

cr'ge;iO@nia satisfied 10 B. An indexing method according to claim 7,

characterized Stg@%gltﬁf Orh&% ﬁ‘%e%g gggdaﬁu%}t’h%

the
subsets ob alne are a}h omogeneous WI standard deviation. 15
9 BAR rd8King methd R EordiRg 36 2 Rm ﬁBficl‘aﬂn%?céhdrééféﬁEédfﬁn
thap dusingdhe strustusing aof the scahcepi dictionatyse nawigation indibators

a%ﬁ?@?Hﬁ@%%vand P,.

6. An indexing method according te claim 4 or claim 5,
characterized in that it includes optimization starting
from N disjoint portions {P,, P,, .., By} of the set P and
N terms {t,, t,, .., ty} representing them in order to
reduce the decompogition error of the set P into N
portions, and in that it compriges the following steps:

i) caleculating the centers of gravity C; of the
portions P,;

1i) calculating errors eC; = » &°(C,,t,) and &ty =

tiePi ’

E:dz“%ltﬂ when replacing the terms t, of the portion P
ciepi
respectively by C, and by t;;

iii) comparing et, and ec¢; and replacing t; by C;, if

€C; £ gL.; anc

3

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 bage into N portions,

unless a stop condition is satisfied with

£C. —£C, .
Y2 < threshold,

t

ec,

where gc, represents the error committed at instant t .
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- from a matrix M = [c1, c2, , cN] e gp*N of the set C of concepts ¢ (=- ARP

where ci represents a concept of p 20 values, by implementing the

following steps: i) calculating a representative w of the matrix M; ii)

calculating the covariance matrix M betw&en the elements of the matrix M

and the representative w of the matrix M; 25 iii) calculating a projection

axis u for projecting the elements of the matrix M; iv) calculating the value
pi’= dAT.CHRG WFaiE nﬁ’ﬁ&ﬁﬁ@iﬁﬁ“egsét%f%ﬁc@ﬁ% Cintekins 1 to

s@se&slﬁifandeez?mifoﬂnwshaﬁ ciell Epi< i feoeCRf pitrQy}iuring
stofing é%%gggweq%itbryggﬁp'f f%koa% %%s ode associated %&ho%uced

where pi is thé maximum of 2 is the minimum of all p

the g et i YwS I 2} cbﬁ?ﬁt%‘ﬁ_ﬁé’%e ﬁﬁ%ﬁﬁéﬁ%cﬁ@a@?& it %?ﬁﬂe the
cmﬂep@ﬁlcccl@nagpm 1ot Antindexing ssathod acdordieg tsangonérgf one

Claimsd 1109, characterizeddn thathoth the-steucideal -compopents and
the complement%gf said ,structura,C components constltuted by the

te%urapcomponen“ts otEh image 8 ot thé ' d6Cithert are anaﬁyzedS and in
thak ta) S¥Hirdanalyzing the structural components of the image: al)
boundary zones of the image structures are 10 distributed into different

clgss d%%%ﬂa‘ll@ ”ﬂé‘éh%e%@@%&i '198"’"8{,%}:"’%&'05‘ n '%ta?{‘s'é%mzed

as to eflne struct upport elements (SSES e image; an

performitAg s‘t%t%ue&%ewsg@eaﬂisrbohstrae%%s%%nﬁxe&w VERfUTS
desaiibingthes ldczt properties mad the glahial propestiesebthe siruotwrakhl 1

supportelemes:; ation .

9. An indexing method according to c¢laim 7 or claim 8,
characterized in that during the structuring of the
concept dictionary, navigation indicatorsg are determined
from a matrix M = [c,, Cy, ., ¢yl € WY of the set C of
concepts ¢; € RP where C. represents a concept of po
values, by implementing the following steps:

i} calculating a representative w of the matrix M;

ii} calculating the covariance matrix M between the
eiements 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 C into two subsets C1 and
C2 as follows: _

c, @Cliftpi<o
{cieczifpi>o

v) storing the information {u, w, ipl|, 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, |pl|, p2} constituting the navigation indicators in
the concept dictionary.
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b) while analyzing the textural components of the image: 20 bi) detecting

and performing parametric characterization of a purely random
component of the image; b2) detecting and performing parametric
characterization of a periodic componenef of the image; 25 and b3)
detecting and performing parametric characterization of a directional

~ component of the image; c) grouping the set of descriptive elements of

the image in a limited number of concepts constituted firstly 30 by the
tefrfis dBcrBifgthadods drecylebaprepadiescobstruurl /lppeaims 1
element and secendlypethe: parameters ehtheparametde ural
characterizations of the, random riodic, and directional components
i e e R S
dotemRsHt CaEfMiRG REfrdetpRft FEmTiife b&ctinteiftesCARPRESHISHS, @hdan
therfregeien€iesiaf saidwoncepts: 62atd 1 Andalexing mathathaceording

to claim 10, g@qrfgt%rgaepeﬁgfﬂat thedocal,praperties of foe, styetwral,: ¢ he
enin

support elements tak o consideration for 5 constructing terms
compiise’at least the support types selected from amongst a linear strip
or a curved arc,ahe lerigtitant widthadimehsions dfithgsupporcthermainere

dicection ofthesuppert, and the-shape-and the: statisticak propsriesef the
pi)é)e;:I?L coggi;étuglqg t%e %é)esui)&?gé& 1\%’6‘9 indec)%nqﬁ[lneithgd accgrdin to .
claim 10 or claim 1 , Characterized inlfhaatttﬁe global pz%or%lrﬁjés%f e 8% +©
StRREIAPS S0 ElehientSERER Tito AteBeRtor 15 Tonstraéting ferifsage ;

comprise at least the number of each type of support and the spatial
disposition thergof, 1340 d0deigo malhed acearsing, (o, gy ane of
construct terms constituted by vectors describing the
local properties and the global properties of the
structural support elements;
b} while analyzing the tCextural components of the
image:
b1} detecting and performing parametric
characterization of a purely random component of the
image;
b2) detecting and performing parametric
characterization of a periodic component cof the image;
and
b3) detecting and performing parametric
characterization c¢f a directional component of the image;
c) grouping the set of descriptive elements of the
image in a limited number of concepts constituted firstly
by the terms describing the local and glckal propertieg
of structural support element and secondly by the
parameters of the parametric characterizationsg of the
random, periodic, and directional components defining the
textural compconente of the image; and
d} for each document, defining a fingerprint from
the occurrences, the positions, and the freguencies of

sald concepts.
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to 12, characterized in that during analysis of the 20 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%Re step of analyzing the textural
components of the image. 25 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
fram thardigitided imageeefinéd bycthe BDsettof pixeds y(i Jowhere (i,j) E |

x dnwhere Land Jsdesigpata respectively the, pumber of kows anddhe
number of columns of the mi%%e,gt@e \_/ggtiggzllgr.a ient ima ed%)r((%g .Wher%Or

(i,%ter}l% Sard the forizonta graglen image gh](fj c\)Nith'IO(Il,J 6 are”

caletlatet: dnoniet S5Mag e panfioned depehdifgtortheoeal types
orieiltatior @f s gradiephinta adinitertwumberwef eguidistant 63velasses;, the
the | aini e-Qf] i f di ing defined by.the
e G e et e o
re%id?%cl‘ﬂé’éWtch coRtaiff $Ritfificant BUPpbR BISHERE &eTdéhtfied, and
ors the: basis of the suppart fegions, sigrifipamtsSipporinelementsrarethe
deteppined and indexed using predetermined criteria. 10 15. An indexing
method according to any one of claims 1 to 9, characterized in that while
indexing a multimedia document comprising video signals, terms t1 are
sdléctetinthat@ea toastitatdtbBy kegdnages répreseénting §foups oflaim 11,
cCongeeHtive homogengousdmages, andsancepts skane; bz deteratired by
aroupind together tems {1 16.An Indexing method agcording to claim 15,
characienzed in thatin order to determine ey-images

constructing terms comprise at least the number of each

type of support and the spatial disposition thereof.

13. An indexing method according to any one of claims 106
to 12, characterized in that 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 absgence of any
gstructure, the method passes directly to the step of

analyzing the textural components ¢f the image.

14. An indexing method according tc 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 vy(i,]) where (i,3) € 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,3) where (i,j) € 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 1ts gradient into a finite number of eguidistant
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constituting terms ti, a score vector SV is initially 20 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-l, and the score vector SV is &valyzed in order to determine
key-images which correspond to 25 maximums of the values of the
elements SV(i). of the score vector SV. 17._ An indexing method according
t°HERT A%, hiracBRgEd Pt Hrintade st indeLTisCotiitetéd t56 as
beingd key-imade i the I/ahai SVY)) bhthexcorésponding element of the
score vector SV is a maximum and the value $¥()is situated between

two minimums minL arfd rhinR, &hd- thé Afini WML Such that M1 =
(IVS(j) - minLI, SV() - minRI) is greater than a given threshold. 35 64 18.
ARNSIEXIRG PRSthBEBRESFIIG TS aRYRIPRIST clEmMbLor 90 D kharacterized
indbat while dndexing aanultingdiardocimaentcomprising audioi fied, and
componen ed ti ed.an om qﬁ't frames,
e e e oo it Sips Soch eoger
clRraREEHZ2 Bya tEmE T ConeBiied by A Farametsr Ve clor cfg tarmined
indeximeprhethod according to claim 18, 10 characterized in that a frame
comprises about 512 samples to about 2,048 samples of the sampled
audio document. 20. An indexing methad according to claim 18 or_claim

19, chafact&isat-Mth S P arantaters take i fntd HecBlifit 95 fo'derie *
thectePmstheompiise timednfornidtion eoriespondibeptorat leastorie ofthea
follewingparametarsstheerargy of dheaudio sigealitamesythe standardg

d%\ﬁ%rtlon of frame ener Jz_esdln the cllﬁs,.the sound var|at|or%rat|o, the low

eférdy 130, the ate of 20 SseHlalion abSGPA predetemiinad atue ther™ 7

hightaRest bseillaas1P aboaea prédesffinedvaldeherlifferencere
determined by grouping together terms t,.

16. An indexing method according to claim 15,
characterized in that in order to determine kev-images
constituting terms t;, a score vector SV is initially
generated comprising a set of elements SV (i)
representative of the difference or similarity betwesen
the content of an image of index 1 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 score

vector SV,

17. An indexing method according to claim 16,
characterized in that-an image of index j 1is considered
as being a key-image if the wvalue 8V(j) of the
corresponding element of the score vector SV is a maximum
and the value SV{(j} 1s situated between two minimums minL
and minR, and if the minimum M1 such that M1 = ([VS,

minL|, |[SV(, - minR|) is greater than a given threshold.
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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 25 frames. 21. An indexing method according to
any one of claims 18 to 20, characterizd in that the parameters taken
into account for defining the terms t comprise frequency 30 information
corresponding to at least one of the following parameters: the center of

grefvity 7o thé PRt uRT 6P SHbr oG trAlfsfGHm of tHdts L
atdiosignalathechandwidth ofthenaudiosighal, the srativdbetweeh theedia

e@%{&ﬁ{ﬁ@ﬁtﬂ%@wﬂ%@ ta tedotal 3panergy in the-enfite freayency
band of thg sampﬁid audio sgna_l, %he mean value gt S e%trum variation
of 65 adiREeMFFAMIBS TiT ] clib“the B freqlidnty of A28 227 An

indekipgunethodracsortipgotgesiest dlaings £8 150 2acth&aerdized

indhat-thecparameterstakendiie acceuntfor detieingnhederastmeter
c%rggri%%gt least energy modulation at 4 Hz. 23. An indexing method
accor&ing to any one of claims 1 10 to 14, characterized in that the
shapes of an image of a document are analyzed using the following
steps: apperasasinganuiditeseiution-fottadead bycdecimation sqf the image;

b).defining 1he image in polar logasithmic spage; :15.0) representing g1 o

query image or image portion by its Fourier transform H; d) characterizing
the F Gt idt tramstérm BRI ‘fBflows: dif'proiéding 4 if B pilrafigrofent -

directions 20 to obtain a set of vectors of dimension equal to the

Projection maverentdiraension . andehd): crjculating thestagisticalc1aim 19,

p%gggggyg;ggggF{gegwg%vgggﬂﬁgggmeters.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 ratic, the rate of
oscillation about a predetermined value, the high rate of
oscillation about a predetermined value, the difference
hetween 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 freguency
information corresponding to at least one ¢f the
following parameters: the center of gravity of the
frequency sgpectrum of the short Fourier transform of the
audio signal, the bandwidth of the audic signal, the
ratio between the energy in a freguency band to the total
energy in the entire freguency band of the sampled audio

signal, the mean value of sgpectrum variation of two
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e) representing the shape of the image by a termt 25 constituted by
values for the statistical properties of each projection vector.

65

adjacent frames in a clip, the cutoff frequency of a

clip.

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 cne of claims I
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;

4) characterizing the Fourier transform H as
follows:

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

d2) calculating the statistical properties cf
each projection vector; and

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

each projection vector.



