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Abstract we have proposed a coding framework for the
In histopathology databases, inages descriptions rresentation of histopathological ixages at the semantic
are collections of properties provided by experts. level in terms of a collection of properties that described
Image content retrieval implies comparison ofsuch moiphological charact cs [5]. Experts provide
properties. The objective of this work is to enrich descriptions in a standardized vocabulary and couples
the traditional attribute-value representation of (Attrbute Value) represent properties. Because of the
properties in order to take into account the human involvement and the intrinsic subjectivity of the
polymorphism and subjectivity ofproperties and to specialty, uncertainty is manifest in the definitions and
manage the comparison process. In this paper we specifications ofmanyproperties [6]. We argue that fuzzy
define a property concept frame (PCF) logic can be used to manage uncertainty and im ision in
representation based on fuzzy logic to handle both the representation and processing of the subjective
representation and comparison. Seven quantifiable information provided by experts' [7].
morphological characteristics were selected from At the matching level, classical or fuzzy appraches uses
histopathological reports to illustrate the variety of similarity matrix or distance calculus to compare
fuzzy predicates and linguistic terms in properties. es and are often based on the paradigm that
The PCF representation has been tested in the ties are of the same nature, that isrepresentedin the
context ofbreast pathology. It is concluded that the same way (numbers, labels, fi.zzy sets, etc) [8][9].
PCF representation provides a unification scheme The objective of our work is to compare properties of
to retrieve in images morphological characteristics different natues in order to perform flexible retrieval in
that are described in different ways. It may enhance images databases. In a recent paper, Dubitsky has defined
the relevancy of applications in various contexts a property concept fame (PCF) to represent
such as image content-based retrieval or case- polymorphous p re s (numerical value, symbolic
based reasoningfrom images. value, and fuzzy predicate) in the same data structure [10].

We propose in this paper an extension of the Dubitsky
INTRODUCIION approach where fizzy predicates are automatically

nhistopathology, the diagnostic malng process relies on constrcted from linguistic labels and fuizzy quantifiers.
In~~~ The comparison between proetes IS based on the

the subjective analysis of images and expertise that comes possibility theory.
over time with the examination of a multitude of cases. paper pres r su

Imags dtabaes re biltin athooU o stre his The paper presents first the background on the IDEM
Images 12dataas dretevaltoosare builteindtstoreathis environment and the different natures ofproperties to takeexpertise [1][2] and rereval tools are needed to renoacon.Tharprtcocetfaehste

. . . m~~~~~ito account. The pproty concept firame iS then
relevant infonnation inside these dabba;. C1iaSS1Ca relen idescribed at the level ofproperty representation and at theinformation retrieval is based on indexation mechanisms. level of comparison. An implementation in Java
The indexation iS often Ilnted to abotitongabout1mages
Thediinldeationaisoften limitedrtoinfonnation about images with the ObjectStore Object-Oriented database has been

done and applied in the specific context of seven usualcontained within the images. Many reseaches attempt to
canTy image content based retdeval ouit thlrough a ;I, tmbtsi hedmi f itpthlg oceng hcari imaecoten basd rerievl ot thougha~descrption of cells, lobuiar gland, etc. Some examples of
process between relevant image descriptions and a quety dcptoofelslbu ga,ec.Smexnesf
eproessbentween relevat3imae desriptios anda q y the use of the procedure are presented and the results arerepresentation [3]. dsusd
At the image representation level seveal works have discussed.
proposd generic models to implemt medical image
databases [4]. Three layers are usually disnshed, B
numerical level of pixels (the image), the symbolic level of IDEM is an integated computerized environment
primitives with their parameters (the featues) and the dedicated to pathologists. It includes a case base in the
highest level of semantic descriptions (the operies). domain of breast pathology. A case is composed of
Proetes can either be obtained from features (e.g. the images, different eamiaton's parameters, a structured
rounded aspect of a cell can be derived from sufc and description of the morphological characteitcs present in
connectivity features) or from experts. In a previous work, images and relevant for the diagnosis (the properties),
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some diagnosis infornation and the final textual report big", "aroumd 2cm").
Services that are integrated in IDEM include: 1) a case- The comparison ofproperties in IDEM.
based reasoning mechnism providing an "inteligent" In the IDEM environment, the comparison ofproperties is
retrieval ofreferenceimages and diagnostic clues [11], 2) a based on similarity matrix. In the context of non-
description tool to acquire fron experts the description of quantifiable properties, experts explicitly provide the
a case and 3) a computerized consensus building tool to get different matrix. Conceming quantifiable properties, the
consensual structured descriptions [5]. matrix is partly automatically built up with the constraint
Structured case description in IDEM. that values are only linguistic terms. It is then necessary to
A case is considered as a collection of macroscopic areas extend the comparison of properties in IDEM to take into
and histological areas. A histological area can contain account the polymorphism.
several histological areas as well as a cytological
descrption. Areas are described by sets ofproperties. For NMETHODS
i tehe following natuxal language etdescriptioninsa ace, withe f grnuar language expert.descito The representation and processing (similarity assessment)a cllwitganuareosnohilcyoplsmandsmll of popetes being polymorphous instance values of

rounded nucleus" is embedded, using the description tool. aributes baedn po rpopr cnctfame (lsf)
in two histological areas each descnrbed by two properties the property concept fide a

The property concept fiame approach provides a(figure 1). representation platform to model the relationships
between the various value formats, thus enabling the
computation of cross-format similarity scores [10]. It
serves as unifying representation formalism for three
property value fornats, RN, LTandFP.
In this section, we first present the modeling of the

C^wllusularcosinoph cytoplasmdsmallrdei"le different value formats in the context of the fuzzy set
theory and then describe the flexible comparison of the
properties in the context of the possibility theory.

Multiple property representation
Histologicarea cell Histologic area mucleus A property is an attribute/value couple. The << attribute >>
Properties: (ccsor._cytoplasm eosinophil) Properties (size smal)

(density-cytoplasmgranular) (shaperounded) refers to a specific morphological dimension like, for

instance, the size of a cell or its mitotic activity. The
Figure 1: Case description through properties "value" is the instantiation of this attibute in a particular

case. The representation of a property concems the
The nature ofproperties in IDEM. representation of all the possible values. The
The domain vocabulary is very rich, not well standardized representation of a RN value is straightforward being just
and properties are polymorphous by nature. For instance, the exact value. The representation of a LT value is based
the property "two mic-calcification seats" is a numeric on the fizzy set theory. The fuizzy set theory allows
property, the property "cells with abundant cytoplasm" is interpreting and representing the imprecise sense of the
a symbolic simple property and the property "numerous words through the concept of fiuzy set. Briefly, a fizzy
lobular glands of various sizes" is a symbolic complex set A, defined on a referential X is a set such that the
property called firther a fuzzy predicate. All these membership fimction pAtakes its value in the interval [0,
examples are extacted from daily reports and show that 1]. VxE X, gA(x) expresses to what extent the value x
uncertainty and polymorphism is pervasive in the belongs to A. The value 0 corresponds to the absolute
properdes used to describe cases. In the context of this non-membership and the value 1 corresponds to the
work quantifiable subjective properes are considered. A absolute membership. In the context of quantifiable
quantifiable property is a property that can have a attributes, the referential X is the set of reels 9t and we
numerical value. Three tpes of properties are adopt the classical trapezoidal representation of a fiuy
distinguished: set (figure 2). For each attribute, a finite universe of
* Real numbers (RN). They are precise real values on discourse (Q?) is defined. Each element ofQ is a fuzzy set

% conesponding to a LT value. For example, the figure 2
* Linguistic terms (LI). They are symbolic words that shows the universe ofdiscourse Q={small, medium, lage}

are part of a standadizd universe of discourse. defined on the referential X=[0, 30] with the unit 10'6m for
They are natully imprecise, the attribute "size ofan histological area".

* Fuzzy predicates (FP). They are symbolic
expressions that are not part of a standardized
universe of discoure. They are naturally imprecise.
They are restricted to combination of LT or RN
values on the same universe of discourse (e.g. "rather
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In the possibility theory, two scalar measures, the
possibility and the necessity that the two properties
describe the same moiphological characteristic usually

l -_)- -- ;~ express the compatibility. These two measures are dual
smal/ medium \ Z . largeand we limit our presentation to the possibility measure

H. Let, di and d2 be two RNproperties and F,, F2 two
fiuzzy sets with membership fimctions pil, p4 associated
to LTorFP properties. The expression of the possibility

/ /Z \ | 9t (10'm) in each situation is given in table 1.
Table 1: sion ofthe possibility degree

10 20 30 Comparison Possibility II
crisp/crisp n(d,,d2)= 1 ifd, =d2

n(d,,d2) = 0 ifd, . d2
crisp/fz n(d,,F,) = p,(dl)Figure 2: The universe ofdiscourse Q=(small,
z n(F,,F2) =fulzzy/fuZzzy Hl(F,,F2) = sup min (AI(x), >J1(X))medium, large) for the attribute "size ofan forx E

histological area'.

Fuzzy predicates are fuzzy sets not included in the RESULTS
universe of discourse. An example of a fiuzy predicate is
"most cells are rather small but some are medimn". Properties selection
"Most", "rather"' and "Ssome" are quantifiers while
"small " and"eim ae ale qte fu let We selected seven quantitative attributes from a set of 34SSsmall" and S4mediurn! are LT values. The fulzzy set

pahlgreot.Tseeotsdcibcssinratattached to a fuzzy predicate is dynamically.built from the pathology reports. These reports descnbe cases mn breast
combination of linuistic terms with fuzy quantifiers and pathology from the Department of Pathology at thefuzzyco perationorgs.the definithionzothe nm ership Institute Gustave Roussy, France. Table 2 reflects the
fuzctionibatse The *fuzz se th e r

polymorphism of properties in reports. It shows that

Fuzy quantifers. Quantfiers are defined by fiy sets mostly linguistic terms and fizzy predicates were used.
For many attibutes, linguistic tenns are preferred toLetTbeanLTvaluewithamemberspfunction prand fuizy pedicates. In the case of the size of a histologicalQ a quantifier with a membership fimction pQ. The fiuzzy area, the properties are equally distributed between

predicate P= QxT is defined by:
VxE At,pp(x) = PQ(x) * J±T(X) lingusc ters and fuy preicates.

Proportional quantifiers express intermediate situations
A t e anttative R T

between the universal quantifier and the existential Attribute contexts RN LT FP
quantifier like "some), "a few', "raely", etc and are Size cells, 15 17
defined on the interval [00/o, 1000/0]. For example, the lobules,
quantifier "few" is defined around 25%. Semantic cyst,
quantifiers express a modification in the meaning of an LT seat
like for instance, "rather" or "very. MitoticpActivity cell 8 2
Fuzzy operators. In the context of a property, operators Qrtplasm_Color cell 3
are disjunctive. Let P be a FP value such that P = LT1 and CytoplasmjDensity cell 9 0
LT2, then Composite Area Density cell 2 1

VxE 9t, pp(x) = max1kT1 (X), PT2(X))- Composit_Area Number Cyst, 1 21 4
lobule,Comparison ofpolymorphous properties seat,

Providing a powerful representatin mechanism is not Composite_Area_Dispersion seat 4 1
enough. One must also allow the systematic comparison of For instance, concerning the size of lobular glands, we
instances ofsuch properties. Because of synmnetry, a total found as fuzzy predicates, "diverse", "rather large", "ofien
of six possible value format combinations need to be large" and "very diverse". Fuzzy predicates for
considered namely (RN,RN), (RN,L7), (RNFP), (LT,LT), ComnpositemAreaN.nuber are "rater some", "rather
(LT,FP), (FP, FP). They can be grouped into 1) numerous" and "one or two" while linguistic terms are
crisp/crisp comparison, 2) crisp/fuzzy comparison and 3) "many", "numerous", "rare", "some".
fuzzy/fiuy comparison. As the method for each group is PCF implementaton
in principle the same, only one combmation per group Pas
to be investigated. The method comes from the possibility The proerty concept frame was developed in Java on a
theory. PC Pentium II with the ObjectStore object oriented
The comparison process takes two proetes as input and dataibase PSE Pro Softwaretm . Many intefcs have been
provides a compatibility degree between them as output. developed to test the PCF. Some of these interfaces are
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used to configure the referentials, the components of the DISCUSSION AND CONCLUSION
universe of discourse and their associated fizzy sets. Five In domains without formal standardized semiology to
proportional quantifiers and three semantic quantifiers descrbe it is cessay to mange imprecise and
have been defined to be able to describe all the fuzzy ncertain 'properties for developing fim e content-based
predicates in reports. The experts' mm tbership functions

of thse qanfifersre sown i tabe 3.retrieval tools. The representation of imrecise and
uncertain infonnation aims at redung the ambiguity in theTable 3: Set ofquantifir in the IDEM context on of knowledge. An important source of

Quantifier (Q) I fuzzt predicate P=Q*T ambiguity is linked to the polymorphism of infonmation.
Proportional quantifiers Although several works have been done on the modeling of
all [4(x) = A1T(X) imprecise and uncertain propies in the context of fiuzzy
many, a lot, most, often [4(x) = 0.75r(x) logic's [8][9][12], the concept of fuzzy predicate is rarely
on avwage .p(x) = O.5gT(X) taken into account. In a recent work, Dubitsky [10] has
few, rare Lp(x) = O.25gT(x) intoduced this notion in knowledge representation
none I 4p(x) = 0 fonnalism. In his ramework, fuzzy sets are explicitly
Semantic quantifiers associated to fuzy predicates. We propose an extension
very, extmly PA4x) = >(x + ) of this fmrewok where fuzzy predicates can be defimed
rather I 4(x)=min(l,9(x)+v)2 dynanically through the use of fizzy quanfifiers and
'A is a function of T fuzY oeraDrs. We define a compatibility degree
2v = 0.2 between two pe s based on the possibility theory.
Figure 3 shows the fiuzzy set for the FP value P = "few Nowadays, ties comparison within the IDEM
cells are small and others are rather l , envirnment allows the crisp/crisp situation and label/label

situation. The later makes use of predefined simity
_iIhIIIhhu U u mII~I matrix where all possible labels (linguistic terms and fiuzzy

-L P ' predicates) have to be known. The PCF representation
provides in addition a flexible mechanism to freely specify
a value by mtoducing and definig a new concept and its
semantics dynamically. It allows comparng this new value

0.25 with the aleady known univer of dscoure as well as

_ _ _ _ _ _o/\ 1 >(I0%)| other fuzzypredicates.
From the domain point of view, the PCF resentation
has several advantages. On the one hanc it a -ows the

m P w -n formalismofthe coniplex of some es
Vis , if(x) -)(_ozd in reports thanlcs to the notion of fiuzy predicate.
r O.2%.di) -@.7!F_(s Ls,( ^2) On the oter hand, the use of fuzzy logic competes the

VE a Sk4 (X) - ONZ(P,2(x) . p12(x)) tT; -iitional rep sentation of attribute-value properties
based on a single universe of discourse. Moreover, the

Figure 3: Thefuzzy set associated to the predicate fuzzy modeling allows tadng into account the subjective
':few cells are small and the other rather large" sense of the terms used by one or several pathologists in

their rePorts. Even if the description of images is going to
Examples. be more and more standize in the future with more

linguistic values and less fuzzy predicates, the problem to
Table 3 shows the n compatibility for the comparison consider complex propertes is an imtant issue since
between predicate and linguistic labels for the specific such properties are likely to remain in queries.
attribute "Mitotic-Activityofthe cell".. ..;*Mitotic.Activity The main difficulty of this approach is to know the

referentials and universe of discourse associated to theTable 4: Possibility degrees between lingtic properties. Indeed, many s are not le.

P -oe s fe,or te - In that case, the concept frame is reduced to a disret
I22~XProperty I AL..al.a2 L AL a-h referentialwhose elements are the labels of the universes

a 1 | 0.5 | 0.37 |0.2 | O | of discourse. Fuzzy predicates can be defined on such
j210.5 11 1 0.5 1 .33 1 0.5Xfranes. In the reaized work, the knowledge about the

a3 1 0.37 0.5 0.75 0.5 0.2 referential and the knowledge about the possible
a4 0.2 0.33 0.5 0.75 0.5 quantifiers come firo the experts and must be validated
a5 0 0.5 0.2 0.5 I1 through time and use of the system. We provided default

values for the quantifiers in our specific demonstrationa,: low; a2: moderate; a3: not very high; a:on average high; cotx.Oepretiewudbtoaomialyefn
a5: high ~~~~~~~~~~~~~~quantifiers.

One important aspect in the comparison of fuzzy
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predicates is to retrieve compattibility between
descriptions of similar properties that use opposite labels.
For instnce, the comparison of the predicate "ceils are
often large" with the predicate "cells are rarely small"
retuns a non-null compatibility. An advantage is the
ability to define a same property in different contexts and
to be able to retwn a null compatibility. Lets take for
example the attribute "Mitotic_Activity". In the context
of smooth tissue, the associated referential is [0, 50] while
in the context ofbreast tumors, the associated referential is
[0, 15]. The comparison of the property
"Mitotic-Activity moderate" in the first context and the
property "Mitotic_Activity moderate" in the second one
retuns a null compatibility which is intuitively cortrt
since "moderate" corresponds to different linguistic terms
(fuzzy sets) in the two cases.
The next steps of this work will be to aggregate the result
of comparison at the level of the case description and to
integrate this approach within the case based reasoning
module ofthe IDEM enviromnent
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