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Abstract 

Italy, 

An original framework is presented which supports representation and visual 
querying of images based on spatial arrangements of typed objects. Design as
sumptions taken in the design of the framework are motivated with reference 
to the concrete case of retrieval by visual contents within a library of digital 
images reproducing renaissance paintings. Properties of the framework are ex
pounded to develope an efficient computation technique and to motivate and 
assess a metric of similarity for quantitative comparison of spatial relation
ships between region pairs. Representation and comparison of binary relation
ships betwen regions is then embedded within a graph-theoretical framework 
supporting representation and comparison of the spatial arrangements of im
ages. 
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1 INTRODUCTION 

With the recent advances in multimedia technology, a growing attention is 
being focused on libraries of digital images. Effective access to such archives 
requires that conventional searching techniques based on external attributes 
of the image, such as pressmarks, authorship or historical keywords, are com
plemented by content-based queries addressing appearing visual features of 
searched data. Central to this retrieval approach is the creation of models, 
which permit to abstract images into some space of features and support 
indexing and comparison of visual contents. Depending on the specific char
acteristics of the images at hand, such models can rely on different facets of 
the informative contents of visual data, such as the color and texture distribu
tion, the shape of appearing objects, and their spatial relationships [12] [10] 
[6]. 
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In general, content modeling must follow the analysis of the saliellt featmes 
which mainly characterize contents and regularities in the specific imagps at 
hand. This analysis permits to shape expressivity of user queries and drives 
the solution of a number of tradeoffs related with such issues as semantic 
level of queries, automatic/manual description of contents, visual interaction 
paradigm in the formulation of queries. In this paper, we focus on visual 
modeling of images reproducing paintings of the italian renaissance period. 
This type of paintings constitute a relevant portion of the italian cultural 
heritage, and directly affects a number of applications for inventorying and 
analysis and of cultural goods, multimedia authoring, education. 

1.1 Renaissance Paintings: the Engineering Perspective 

Contents of renaissance paintings are largely pervaded by cultural and icono
graphic conventions, which reflect historical evolution of painting practice as 
well as artistic effort to drive interpretation of represented episodes. A large 
part of these conventions are encoded in the visual appearance of individual 
characters and in their spatial arrangement. This results in a number of regu
larities which can be translated into design assumptions for the development 
of a content modeling approach based on spatial relationships alllong typed 
objects. 

Objects appearing within renaissance paintings can be easily distinguisherl 
in a limited number of dominating characters and a set of backgroulld and 
secondary elements. Both types of objects are produced by the pxplicit <111-

thor's intention rather than by accidental facts, as may happen within pho
tographs taken from reality. Dominating objects are usually less than ten, and 
background components can be naturally grouped in collective terms such as 
landscapes, or person groups. In the large majority of cases, ten to thirty 
objects are sufficient to provide a detailed description of the contents of a 
painting. This largely motivates the assumption of human-a~sisted methods 
in the recognition of imaged objects. The cost of this recognition is marginal 
with respect to the time spent in carrying out conventional textual classifica
tion. 

Object types recur through different paintings of different authors, and 
their appearance and spatial composition is largely driven by iconographic 
conventions related with the reproduced episode. A vocabulary of a few tens 
of types encompasses most of the characters across the majority of cases, while 
exhaustive description can be accomplished with a few hundreds of types. 

Relevant aspects of the mutual positioning of objects are captured by di
rectional relationships such as above, below, left of Only a minor relevance 
is associated with topological adjacency, which often depends on accidental 
occlusions in the 2D representation of a 3D scene. 

Spatial relationships are usually vague and tend to evade a single crisp 
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description. It is often the case that the relationship between two objects is 
correctly described by contrasting statements with different degrees of truth. 
Much of this vagueness arises from the fact that objects are curvilinear and 
complex in shape, and that their distances are small with respect to their 
dimensions. This basically prevents assimilation of objects to their minimum 
embedding rectangles as well as to their punctual centroids. 

Imaginary scenes reproduced in the paintings are usually taken from a point 
of view, which follows the canon of observer's frontality, and which is strictly 
related with iconographic conventions about the represented episode. This (~n
abIes description of the spatial arrangement of imaged objects with J'('SIH'ct 

to the reference system of the overall painting. Due to the use of mathemat
ical perspective, also enforced by the presence of architectural geometrical 
elements such as textured floors, columns rows, and walls, contents of the 3D 
reproduced scene can be completely represented in terms of 2D relationships 
appearing in the painting. In particular, foreground/background relationships 
are implicitly encoded in the mutual appearing dimension of objects. 

1.2 Modeling Spatial Relationships Between Typed 
Objects 

Spatial-based modeling addresses the relationships among imaged pixel re
gions. These are expressed in terms of set-theoretical concepts such as inclu
sion, overlapping or adjacency [7] [13], or in terms of directional constructs 
such as left 0/, above, below, and so on [3] [9] [11]. Most of the the work in 
spatial modeling for image databases develops on the theory of the symbolic 
projection [3] [4], which reduces both directional and topological relationships 
to the linear ordering of objects projections on two reference axes. This reduces 
matching from quadratic to linear complexity, under the assumption that ob
jects are replaced through a single representative point, usually taken in the 
centroid. A large work has been done around the model to account objects 
extent, trading matching efficiency for the sake of representation soundness. 

In a first approach, initiated by the 2DG-string and perfected with the 
2DC-string, objects are cut in subparts with disjoint convex hulls [2][15]. This 
permits to maintain a sequential representation of the overall ordering, but 
may result in complex segmentation, as the cuts performed on each objects 
depend on the total number of objects in the scene. This yields quadratic 
complexity, which basically counterbalances the actual advantage deriving 
from the usage of a sequential representation. 

In a second approach, in the 2D-B string [16] [14], the ordering of objects 
is represented in terms of the ordering of the starting and ending points of 
the intervals obtained by projecting objects on the reference axes. This basi
cally leads to a sort of 2D extension of the Allen's interval logic [1], with 13 
exclusive ordering conditions on each axis resulting in 13x13 mutually exclu-



280 Part Nine Session: Image Queries 

sive cases in the relationships between any two objects. Since projections on 
different axes are independent, the representation subtends the assimilation 
of objects to their minimum embedding rectangles, which may be unsufficient 
to discriminate perceptually distant arrangements. 

In [5], this limitation is partially overcome by replacing each object through 
a finite set of representative points, and by representing the relationship be
tween an observing and an observed object as a set of walkthroughs capturing 
the ordering conditions among representative points of the two objects. By 
permitting a spatial relationship to be qualified as a set of different, and pos
sibly contrasting, ordering conditions, this representation attempts to match 
the native vagueness of human perception of spatial arrangements of finite 
and curvilinear objects. 

An inherent limitation of the theory of the symbolic projection in the con
text of image databases is its symbolic nature itself, which inherently subtends 
Boolean classification of spatial arrangements into a set of mutually exclusive 
cases. While facilitating indexing and logical inference, the lack for numeric 
values results in classification thresholds, which prevent a continuous rela
tionship between perceived spatial arrangements and their representations. 
This largely hurdles the institution of quantitative metrics of similarity and 
basically limits the robustness of comparison. To overcome this limitation, 
directional information must be associated with a non-symbolic orientation 
measure. 

In [11], directional information is represented through the numeric value 
of the orientation of the line connecting object centroids. This permits eval
uation of a finite distance between non-exactly matching arrangements, and 
opens the way to recognition algorithms which ensure continuity in the rela
tion between measured and perceptual similarity. The critical condition for 
the applicability of the approach is the replacement of an object through a 
single representative point. If this point is the object centroid, the directional 
relationship captures a sort of average directional relationship. However, this 
average value may loose soundness in the presence of complex shaped objects 
or when object distances are small with respect to object dimensions. This 
may prevent distinction between perceptually dissimilar configurations. 

In this paper, we introduce an original modeling technique which enables 
quantitative representation and comparison of the mutual positioning of a 
pair of extended regions, and which is able to account for the overall dis
tribution of relationships among the individual pixels belonging to the two 
regions. By developing on the modeling style of walkthroughs suggested in 
[5], the relationship between an observing and an observed object is ["(']lH'

sented by a finite set of equivalence classes (the symbolic walkthroughs) 011 

the dense sets of possible paths leading from any pixel in the obsen·ing object 
to any pixel in the observed object. Each such equivalence class is associ
ated with a weight which provides an integral measure of the set of pixel 
pairs that are connected by a path belonging to the class, thus accounting for 
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Figure 1 Cartesian paths from A. to B are collected in three independent 
walkthroughs < 1,1>, < 1,0 >, and < 1, -1 >. 

the degree of truth by which the individual class represents the actual rela
tionship between the two regions. Mirroring this organization, the resulting 
representation is referred to as weighted walktrhoughs model. Properties of 
weighted walkthroughs are expounded to develope an efficient computation 
technique and to motivate and assess a metric of similarity for quantitative 
comparison of spatial relationships between region pairs. Representation and 
comparison of binary relationships betwen regions is then embedded within 
a graph-theoretical framework supporting representation and comparison of 
the spatial arrangements of images. 

2 WEIGHTED WALKTHROUGHS 

Given a pair of objects A and B within a Cartesian reference system, the 
set of Cartesian paths from A to B is the set of paths leading from any 
point of A to any point of B along two subsequent horizontal and vertical 
steps. Walkthroughs from A to B are equivalence classes on the set of 
Cartesian paths from A. to B, which abstracts from: the two connected 
points of A and B; the distance covered by each step; and the order in 
which the two steps are taken. For any two objects A and B, there exist 
at most 9 independent walkthroughs, which can be represented by a pair of 
indices < i,j >, taking values - 1, 0 or + 1: index i is equal to - 1, 
o or + 1, whether the step along the horizontal axis has negative orientation 
or null length or positive orientation, respectively; in a similar manner, index 
j encodes the step along the vertical axis. Fig.1 reports an example helping 
intuitive understanding. 
In order to account for its perceptual relevance, each walkthrough < i,j > is 
associated with a weight wi,j(A,B), which measures the number of pairs of 
points belonging to A and B which are connected through a Cartesian 
path equivalent to the walkthrough < i, j > itself. This weight is evaluated 
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Figure 2 Meaning of symbols appearing in Eq. (2). 

by taking a four-dimensional integral over the pairs of points belon~ill~ to 

objects A and B: 

where: 

• C -1 (.) and C + 1 (.) denote the characteristic functions of negative and 
positive real numbers R- and R+, respectively, while Co(-) denotes 
the Dirac function J(.) which here acts as characteristic function of the 
singleton set {O}; 

• Kij(A, B) is a dimensional normalization factor which is defined differ
ently whether indexes i and j are equal to zero or take non-null values 
I and J. 

1 
KI,J(A, B) = IAIIBI 

1 
K1,o(A, B) = H L L 

AB lA B 

Ko,J(A, B) = L H H A1 A B 

Ko,o(A, B) = -yl=IA="B=1 

(2) 

where: IAI and IBI are 2-dimensional measures of A, and B; LA, H A , 

LB and HB are the width and the height of A and B, respectively; 
LAB, and HAB are the width and height of the minimum embedding 
rectangles of the union of A and B. Fig.2 helps intuitive understanding. 

The 9-tuple of weights wi,j(A, B) provides a symbolic representation of the 
overall position of object B with respect to the object A. This representa
tion abstracts from details such as the actual shapes of the objects and the 
quantitative distances among their individual points, and rather focuses on 
the joint distribution of masses within the two objects. Please note that the 
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use of Dirac function in the expression of the characteristic function of the 
origin of real numbers ensures a finite non-null measure also for weights that 
are obtained by the integration of a quasi-everywhere null function. Different 
normalization factors Ki,j are used to compensate the effect on dimension
ality of the integrals which derives from the use of such Dirac functions: while 
K/,J is a space length to the fourth power, space dimensionalities of K/,o, 
Ko,J, and Ko,o are reduced to the third, the third, and the second power, 
respectively. 

2.1 Topological Invariance and Compositionality 

The 9 coefficients in a weighted walkthrough representation are invariant with 
respect to shifting and zooming of the image, and they are anti-commutative 
with respect to the objects A and B to which they refer: 

Wi,j(A, B) = W_i,_j(B, A) 

Weighted walkthroughs are compositional, i.e. for any object A and for any 
two disjoint objects Bl and B2 , the weight wi,j(A,B1 UB2) can be derived 
by linear combination of weights wi,j(A, Bd and wi,j(A, B2)' Specifically, 
for I and J different than 0: 

w/,J(A,B) = 

w/,o(A,B) = 

wO,J(A,B) = 

wo,o(A,B) = 

2.2 Weighted Walkthroughs between Rectangles 

(3) 

The property of compositionality of Eq.(3) permits to reduce the relationships 
between any two objects to a linear combination of the relationships amoug 
the parts of any their decomposition. In particular, if objects are assimilated 
to multi-rectangles, the evaluation of the four-dimensional integral of Eq.(l) 
can be reduced to the linear composition of a set of sub-integrals taken over 
rectangular domains. This permits to derive the relationship between any t\VO 

multi-rectangular objects A and B by linear composition of close-form 
terms computed in a strict set of independent variants of the mutual position 
between two rectangles. These variants are 9 and correspond to 3 basic cases. 
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Case 1: Projections of the two objects are disjoint on both axes. Four vari
ants are possible. In particular, if object B is in the right-lower quadrant 
of A, we have: 

w(A, B) = [~ ~ n 
x 

Similar results are obtained for the remaining three variants. 
Case 2: Projections of objects A and B are completely superposed on one 

axis and disjoint on the other axis. Four variants of the case are possible. 
In particular, if objects A and B are aligned along the horizontal direction, 
we have: 

",(A,B) = [ ~ 
x 

o 
o 
1 

Of course, similar conditions hold for the variant in which the positions of 
objects A and B are inverted and for the two variants in which A ewel 
B are aligned along the horizontal direction. 

Case 3: Projections of objects A and B are completely superimposed on both 
the axes. The case corresponds to A and B completely superimposed, 
and has a single variant: 

y [ , 1 1 

1 
_ t 2" t 

w(A,B) - I 1 
~ 1 

2" 4" 
x 

The reduction of multi-rectangular compositions to a strict nucleus of 9 basic 
variants not only simplifies analytical treatment and effective implementa
tion of spatial modeling based on walkthroughs. Rather, it also ensures con
sistency in quantitative weights associated with relationships which may lw 
decomposed in different manners. 
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2.3 A Metric of Similarity for Weighted Walkthroughs 

Similarity between weighted walkthroughs can be evaluated by computing a 
numeric distance in the space of 9-tuples. Specifically, similarity S( w, IV) be
tween a pair of 9-tuples w and w is evaluated as the the differeuce to 1 of 
a distance V(w,w): 

S(w,w) = 1-V(w,w) (4) 

In turn, V(w, w) is evaluated as a convex normal combination of four (;(JIII}lO

nents which evaluate the distance between homologous LOefficients in comer 
positions, in middle horizontal and vertical positions, and in the central posi
tion of the weighted walkthrough 9-tuples wand w. 

(5) 

where a, (3, 'Y, and is are non-negative numbers with sum equal to 1, and 
dxy , dxo , doy , and dO~ are distance components defined as follows: 

1 
= 2 L IWI,J - wI,J1 

I=±l,J=±l 
1 

= 2 L IWI,O - WI,ol 
I=±l (6) 

1 = 2 L IWo,J - wo,JI 
J=±l 

= Iwo,o - wo,ol 

Properties of distance V can be derived from the analysis of the range 
of possible values for the 9-tuples of weighted walkthroughs. These are non
negative upper-bounded numbers. 

• The sum of the four corner coefficients of the representation always evalu
ates to 1. 

• The sum of two opposite middle coefficients is never greater than 1. 
• The central element wo,o(A, B) is never greater than 1. 

By exploiting upper-bounds on weighted walkthroughs, distance V can be 
proven to exhibit the five properties that are commonly assumed as axiomatic 
basis of a dis-similarity measure, i.e. positivity ( V(w, w) 2: 0 ), normality 
( Vw,w, V(w,w) ~ 1), autosimilarity ( V(w,w) = 0 iff w == w), simmetry 
( V(w,w) = V(w,w)), and triangularity ( V(w,w) + V(w,w) 2: V(w,w) ). 
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The properties are proven by inductive extension through Eq.(3) of the prop
erties holding in the 9 basic variants of Sect.2.2. Each property is proven to 
separately hold for each of the four components d",y, d",o, doy, and doo, and 
it is then extended to the sum V by the assumption that 0:, (3, ,,/, and 
~ comprise a convex and normal combination. 

The five properties of positivity, normality, autosimilarity, simmetry, and 
triangularity provide a theoretical argument for the soundness of the metric 
of similarity on weighted walkthroughs. Beside this argument, the plausi
bity of the metric is also supported by computational experience and by the 
property of continuity in the relation between object arrangements and their 
weighted walkthrough representation. Detailed treatment of this property is 
not in the scope of this paper. Roughly speaking, this continuity means that 
slight changes in the mutual positioning or in the mass distribution of two 
objects A and B themselves, result into slight changes in the weighted 
walkthroughs between A and B. Demonstration relies on the fact that 
changes in weighted walkthroughs are related through an integral evaluation 
to the spatial distribution of objects. 

3 USING WEIGHTED WALKTHROUGHS TO MODEL SPATIAL 
ARRANGEMENTS 

Weighted walkthroughs represent binary spatial relationships between pairs 
of objects. This representation can be embedded within a graph theoretical 
framework for the representation of spatial arrangements among set of typed 
objects (types allowing for multiple instances). In this section, we expound one 
such framework as it was designed and implemented within a prototype system 
supporting retrieval by contents from a digital library of images reproducing 
renaissance paintings. 

Briefly described, the system follows a three-stage operation model dis
tinguishing archiving, querying and retrieval. At archiving time, a concrete 
description is associated with each stored picture so as to retain information 
about the types of appearing objects and about their mutual weighted walk
throughs. In the querying stage, the abstract class of images that are to be 
retrieved is specified by the user by means of a sketch reproducing characteriz
ing objects and spatial relationships. Finally, retrieval is performed by means 
of a model checking algorithm which compares the weighted walkthroughs 
of the sketch against concrete image descriptions and returns a test score 
measuring the resulting degree of similarity. 
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Figure 3 The sketch of an image, its representation as a graph, and weighted 
walkthroughs between objects A and E, and between objects A and B In the 
graph, nodes labeled with the object type and edges are labeled with weighted 
walkthroughs representing the mutual relationship between connected objects. 

3.1 Image Description 

At archiving time, each image is associated with a description capturing iden
tity and types of imaged objects along with their mutual weighted walk
throughs. One such description can be represented as a triple description =< 
Obj, Type, WW > ,where: Obj is a set of objects; Type associates each 
object with a type within an infinite support Types: Type: Obj ~ Types : 
and WW associates each pair of objects with a weighted walkthrough cap
turing their mutual spatial relationship: 

WW: Obj x Obj -+ [0,1]9 
WW(objl , obh) = W(Objl,obh) 

(7) 

It is useful to note that a description can be regarded as complete graph in 
which vertices are objects and edges are spatial relationships. In this per
spective, each vertex is labeled with a type, and each edge is labeled with 
the weighted walkthrough associated with the relationship that it represents. 
Fig.3 shows the sketch of an image and its description in the form of labeled 
graph. 

The construction of an image description is obtained through conventional 
visual interaction enabling the user to contour and classify relevant imaged 
objects. This effort results to be by far secondary with respect to the time 
spent in conceptual analysis and textual classification of contents. 
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Figure 4 The sketch of a query, its representation as a graph accor-dint!; t.o 
the style of Fig.3, and the weighted walkthroughs between objects A and B 
and between objects A and E. In the sketch, relationships between A and E, 
and between A and B have been marked as relevant to the purposes of the 
query. In the graph, a fictitious edge, drawn as a dotted line, is added between 
objects Band E to permit application of the chinese postman algorithlll. Tlu' 
fictitious edge is labeled with the conventional relationship IVany which is 
assumed to exactly match any relationship w (i.e. S(wany ,') = 1). 

3.2 Query Specification 

Queries are formulated as properties of the spatial relations among typed ob
jects in the picture. These properties are specified by-example by drawing 
and arranging typed icons on a composition screen. The interpretation of the · 
arrangement can be captured within a querying graph which basically shares 
the same syntactic structure of the description graph used in image descrip
tions. The only difference is that, in the querying stage, the user is allowed 
to express a concept of relevance by selecting which object relationships ap
pearing in the example are actually relevant for the query. In the syntactic 
perspective, this implies that the querying graph is not complete, so that the 
query can be formally represented as a triple query =< Obj, W-W, T:lJpe > . 
where: Obj is a set of nodes; Type associates each object with a type 
in the predefined set Types; and W-W associates a subset of the pairs of 
objects with a weighted walkthrough: 

Sig ~ Obj x Obj 
W-W : Sig -+ [0,1]9 
W-W« Objl,obh » = w(obiI,obh) 

(8) 

Fig.4 shows the sketch of a query and its description in the form of a non
completely-connected labeled graph. 



Using weighted walkthroughs to model spatial arrangements 289 

3.3 Automated Model Checking 

Model checking of a query against an image description can be formulated as 
a problem of weighted sub-graph matching. The problem consists in finding 
a subgraph of the image description which matches the object types of the 
query and maximizes the similarity of spatial relationships. To permit recur
sive management of weights, the querying graph is represented in the form of 
a sequential formula and then checked against the description graph by means 
of a recursive labeling algorithm. 

To this end, the set of constraints expressed in the query are represented 
as a linear path which traverses all the edges of the querying graph. If each 
vertex of the graph has an even number of edges, the traversing path exists 
and can be determined in polynomial time through the so-called "algorithm of 
the chinese postman" [8]. Nodes with an odd number of edges can be reduced 
to the necessary condition for the application of the algorithm by introducing 
fictitious edges whose labeled walkthrough is assumed to exactly match any 
relationship against which they are compared. 

In the case of the example of Fig.4, nodes E and B have an odd number 
of incident edges. The introduction of a fictitious edge between them reduces 
the graph in canonical form. The augmented graph can now be covered by the 
path A ~ B ~ E ~ A which traverses exactly once each edge of the graph. 

Through the use of the covering path, a query can be represented as a linear 
formula ¢ which chains object types and instances through spatial relations: 

¢ = tit .:::'t ¢I I X.¢I I ¢I ,x = y , (9) 

where: t is an object type; w is a 9-tuple of walkthroughs weights; and x and 
yare freeze-variables taken from an infinite support of object identifiers. 

Semantics of a formula ¢ is defined by the satisfaction relation FIL which 
tells the degree of similarity by which an object within a description with a 
given assignment of object identifiers to freeze variables satisfies ¢. Given a 
formula ¢, a description d =< Obj, WW,Type >, an object obj E Obj, and 
an interpretation r which assigns to each freeze variable an object obj E Obj, 
we say that under the interpretation r, obj is a starting point for a formula 
¢ with similarity not lower than JL E [0,1], and we write < obj,r >h, ¢ , 
in accordance with the following four inductive clauses . 

• < obj,r >FIL t iff Type (obj) = t . 
• < obj, r > FI' t .:::'t ¢I iff there exists an object objl E Obj and three values 

of the similarity degree JLl, JL2 and JL3, such that JL::; ~JLl * JL2 * IL:~ 
and: 

< obj, r >F1L1 t; 
S(WW« obj,objl >,w) ~ JL2; 
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< objl,r >PJL3 <PI; 
• < obj,r >pJL x.dJl iff r(x) = -1 and < obj,rl >h, cPl where ft is the 

interpretation of freeze variables which assigns object obj to the \'ariable 
x and agrees with r for any other freeze variable different than .1' . 

• < obj,r >PJL <p1,x = y iff r(x) = r(y) and < obj,r >h, cPl. 

Referring again to the example of FigA, the querying semantics of the path 
A -+ B -+ E -+ A is represented by the sequential formula (/); 

rl, A w(AB) B Wany C w(EA) A 
'I-' = X. -+ -+ -+ y. ,x = y (10) 

where w(AB), wany , and w(EA) denote the walkthroughs associated with the 
edges of the graph of FigA. 
Semantic clauses of linear formulae <p can be cast into a model checking algo-

rithm which operates through two subsequent stages performing a top-down 
syntactic decomposition of the formula and a bottom-up semantic labeling 
of the image description graph. In the first stage, formula dJ is recursively 
decomposed in sub-formulae of decreasing length by applying the syntactic 
BNF structure of Eq.(9). For instance, the formula of Eq.(lO) is decomposed 
as: 

cP = <Pl,X = Y 

<P3 = B w-4 Y cP4 

<Pi = X.<P2 
rl, _ E w(EA) rl, 
'1-'4 - -+ '1-'5 

rl, _ A w(AB) rl, 
'1-'2 - -+ '1-'3 (11) 
cP5 = Y·cP6 

In the second stage, the nodes of the image graph are recursively lalwled 
with the degree of similarity of sub-formulae that are satisfied in tlw llode 
itself. The maximum degree of similarity obtained on any object for the main 
formula represents the degree of similarity between the image description and 
the querying sketch. 

The labeling proceeds incrementally in a bottom-up manner starting with 
sub-formulae of minimum length. On the nth step, the labeling of formulae 
with length lower than n is used to compute the labeling of the formulae 
with length n + 1. 

4 DISCUSSION 

An original technique for modeling of spatial relationships between imaged ob
jects has been introduced. The model, referred to as weighted walkthroughs, 
represents the mutual positioning of two objects as a 9-tuple of weights, each 
providing integral measure for the significance of one out of nine alternative 
directional relationships. By resorting to a property of compositionalit~;, these 
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integral weights can be derived by linear combination of a strict set of basic 
forms, thus circumventing the computational complexity of integral evalua
tion. 

The use of multiple weights encompasses vague relationships between com
plex and near objects without requiring their replacement through centroids 
or minimum embedding rectangles. Besides, the use of quantitative weights 
enables metric evaluation of similarity supporting imprecise matching. Finally, 
integral derivation of weights supports analytical treatment and ensures con
tinuity in the relation between spatial arrangements and their descriptions. 

Weighted walkthroughs have been embedded within an original graph
theoretical framework supporting representation of spatial arrangements among 
multiple typed objects, each type allowing for multiple instances. A model 
checking approach permits quantitative evaluation of similarity among differ
ent spatial arrangements with corresponding types. This opens the way to the 
use of the entire framework as theoretical basis of engines for visual retrieval 
by contents supporting similarity matching between image descriptions and 
user's sketches. 

Solution of trade-offs encountered along the design of the model has Leen 
tailored to support the development of a retrieval system for a database of 
images reproducing paintings of the italian renaissance period. Nevertheless, 
exploitation of the resulting framework can be spread to a large variety of ap
plications requiring inexact management of spatial knowledge. In particular. 
the capability of the model-checking algorithm to support imprecise matching 
between similar but different spatial arrangement can be naturally extended to 
encompass metric evaluation of similarity between object types. This opens 
the way to the usage of the proposed framework in the representation and 
comparison of spatial arrangements between generic image segments, charac
terized by their high-level semantic type (as described in this paper) or by 
some low-level cohesion feature (such as color or texture distribution). 
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