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Abs t rac t .  Image retrieval by contents from database is a major re- 
search subject in advanced multimedia systems. The intrinsic visuality 
associated with pictorial data suggests the use of iconic indexes and vi- 
sual techniques to perform retrieval effectively. In this paper we present 
a method for image retrieval based on sketches of object shapes. In our 
method, the shape drawn by the user is deformed to match as well as 
possible the objects in the images. The degree of match achieved, and 
the elastic deformation energy spent to achieve such a match are used 
as a measure of the similarity between the template and the image ob- 
ject. The elastic matching is integrated with arrangements to provide for 
scale invariance, to take into account rotations and spatial relationships 
between objects for multiple-object queries. 

1 I n t r o d u c t i o n  

The intrinsic visuality of the information contents associated with pictorial da ta  
advises against the use of indexing and retrieval based on textual keywords as 
traditionally used in text documents. Iconic indexes have been proposed in [8] 
to effectively support  image retrieval by contents. Iconic indexes are in the form 
of symbolic descriptions of pictorial data or pictorial data  relationships but  may 
also include the actual values of object features, or be in the form of abstract 
images taking the salient features of the original image. The use of iconic in- 
dexes naturally fits with the accomplishment of image retrieval according to 
visual querying by-example. Once iconic indexes have been built, the user repro- 
duces on the screen an approximated visual representation of pictorial contents 
of images to be retrieved. Retrieval is reduced to the matching of the user visual 
representation against iconic indexes in the database. Visual queries by-example 
for pictorial data  exploit human natural capabilities in picture analysis and in- 
terpretat ion and largely reduce the cognitive effort of the user in the access to 
the database. A number of techniques have appeared in the literature which deal 
with iconic indexing and visual querying by example of single images; different 
approaches in performing queries are related to the type of facets of pictorial data  
tha t  are taken into account. Indexing and querying based on spatial relation- 
ships have been proposed in [2], [1], [4], [3]. Spatial relationships are represented 
symbolically through 219 strings according to the symbolic projection approach. 
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2D-strings encode the positional relationships between the projections of the ob- 
jects on two reference coordinate axes. Indexing and querying based on picture 
color distribution or object texture organization has been proposed in [7] and [6], 
respectively: images are requested that  contain object colors and textures sim- 
ilar to those selected from a menu; matching is performed by comparing color 
histograms or the Euclidean distance in the texture space. Retrieval by-contents 
based on similarity between imaged object shapes and user-drawn sketches has 
been proposed by a few authors [6], [5]. Unlike indexing and retrieval by colors 
or textures, or spatial relationships, here the problem is complicated by the fact 
that  shape does not have a mathematical definition that  exactly matches what 
the user feels as a shape. In this paper, we present a system for image retrieval- 
by-contents based on shape matching with elastic deformations. In our system 
the user sketches a drawing on the computer screen and this is deformed to 
adapt to shapes of objects in the images. For queries including multiple objects, 
spatial relationships between the different objects are taken into account. 

2 T h e  e l a s t i c  a p p r o a c h  t o  s h a p e  m a t c h i n g  

Suppose we have a one-dimensional template, modeled by a first order spline 
: 1% ~ R 2. We will always assume that  the template is parametrized with 

respect to arclength, and normalized so as to result of length 1. We have an 
image I : 1~ 2 ~ [0, 1] - we suppose the luminance at every point normalized 
in [0, 1] - that  we search for a contour with a shape similar to that  of T. To 
make a robust match even in the presence of deformations, we must allow the 
template to warp. If 8 : R ~+ 1~ 2 is the deformation, then the two components of 
the deformed template (also parametrized with respect to arclength) are given 
by: r (s) = Tj (s) + 8j (s). The template must warp taking into account two 
opposite requirements. First, it must follow as closely as possible the edges of 
the image. The second requirement to take into account is the deformation of the 
template. Allowing arbitrary deformations every template matches every image, 
and results in a mathematically ill-posed problem. In order to discover similarity 
between the original shape of the template and the shape of the edge areas on 
the image, we must set some constraint on deformation. In this way our goal is 
to minimize the compound functional: 

o a + \ ds ] J \ ds 2 ] + \ ds 2 ] J -IVI(r  (1) 

The quantity depending on the first derivative is a measure of how the template 
7- has been locally, stretched by the deformation 8, while the quantity depend- 
ing on the second derivative is an approximate measure of the energy spent to 
locally bend the template. The match between the deformed template and the 
edges in the image can be measured through the third integral of the compound 
functional (1). Using the gradient descending technique, the solution 8 can be 
approximated as a third order spline. To support template deformation the edge 
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image is blurred with a gaussian filter. The elastic energy depends only on the 
first and second derivatives of the deformation 0. This allows to do not penalize 
discontinuities and sharp angles that are already present in the template, but to 
penalize only the degree by which we depart from those discontinuities or angles. 
Also, since the energy depends only on the derivatives of 0, pure translation 'of 
the template, for which 0 is constant, does not result in additive cost. This makes 
our scheme inherently translation invariant. 

2.1 Template Matching 

After a template reached convergence over an image shape, we need to measure 
how much the two are similar. Again, the similarity is a fuzzy concept, and to 
measure it we need to take into account a number of things. A first thing to 
take into account is, of course, the degree of overlapping between the deformed 
template and the gradient of the image. This can easily be measured as: 

3 4  = + 0(8))]  2 d8 (2) 

Another factor to consider is how much the template had to warp to achieve 
that match. We use two different measures of deformation, corresponding to the 
two energy terms used in the compound functional ( 1): Strain energy (S) and 
Bend energy (/3) defined as: 

S = \ ds ] as B = -d-fi-s2 ] ds (3) 

Coefficients 31t, S, B alone are not enough to operate a good discrimination 
between different shapes. In our approach constraints are imposed by considering 
the changes of the number C of zeroes of the curvature function. So another factor 
to take into account is the variation of the number of zeroes of the curvature 
function during the deformation process; that is C -Afg.  All these 5 parameters 
(34, S,/3, C, C -ARC) are classified by a back-propagation neural network suitable 
trained. The neural classifier gives one output value ranging from 0 to 1, which 
represents the similarity between the shape in the image and the template. 

3 S p a t i a l  R e l a t i o n s h i p s  

Another important source of information about the scene represented in an image 
is the spatial disposition of objects. In our approach each object is represented 
by its minimum enclosing rectangle (MER); we use spatial relationships between 
rectangles both as a mean to filter the database and as a mean to make a more 
precise multi-objects query. We do this by a slight modification of a method de- 
veloped in [1]. Projection of such rectangle on the two coordinate axes determine 
begin and end boundaries of the object. In this way each object is represented 
by four boundaries: begin (bb) and end (eb) boundaries in the x-axis direction 
and begin (bb) and end (eb) boundaries in the y-axis direction. 



188 

Boundaries can then be sorted introducing two precedence operators: "<" 
(left-right, below-above) and "=" (same location). All possible relations between 
two objects may be ranked in five categories based on relations among object's 
boundaries: 

A disjoint B = {[bb=(A) < eb=(B)] V [bb=(B) < eb=(A)] V 

[bb~(A) < eby(B)] V [bby(B) < eby(A)]} 

A meet B = {[eb=(A) = bb=(B)] V [bb=(A) = eb=(B)] V 

[eby(B) = bb~(A)] V [bby (A) = eby(B)]} 

A-(A disjoint B) 

d contain B = {[eb=(A) < ebb(B)] A [bb=(B) < bb~(A)] A 

[eby(A) < eby(B)] A [bb~(B) < bby(A)]} 

A inside B = {[ebb(B) < eb=(A)] A [bb=(A) < bb~(B)] A 

[eby(B) < eby(A)] A [bby(A) <_ bb~(B)]} 

A partly overlap B = -(A disjoint B) A -(A meet B) 

A-(A contain B) A -(A inside B) 

To make the system's description coherent with that operated by our visual per- 
ception, four orientation parameters O1,02, 03, 04 are introduced that represent 
relations as NORTH-SOUTH EAST-WEST. While in [1] these four parameters 
are defined based on precedence relationships among object's boundaries, we 
found that a more appropriate definition of these parameters for the relation of 
object A with respect to object B considers the position of centroid of A with 
respect to boundaries of object B. The spatial relation of object A with respect 
to object B is represented by a symbolic 5-tuple: R(A,  B) = [C, O1, O2,03, O4], 
where C is the category (disjoint, meet, contain, inside, partly overlap) which 
the spatial relation belongs to. In order to speed up the spatial matching process 
a binary codeword signature file is associated with each image encoding mutual 
spatial relationships, and matching is performed through a hash function. 

4 I m a g e  R e t r i e v a l  S y s t e m  

Based on shapes and spatial relations representations previously discussed, a 
system has been developed for image retrieval by contents. In the databases 
raw images are passed through a Canny edge detector and blurred through a 
gaussian filter. To reduce the computational effort in the retrieval phase, objects 
which are considered interesting for retrieval purposes are bounded with their 
minimum enclosing rectangle. Templates are deformed over the shapes included 
in these rectangles. Based upon the technique proposed in Sect. 3, spatial rela- 
tionships among objects are analyzed and recorded in a symbolic description file 
associated to the image. Then, a signature file is built which is used as an index 
for fast access to spatial relationships informations. In this way to each raw im- 
age of the database the following structures are associated: edge image, image 
description file, signature file. The system can be requested to retrieve images 
representing one or more shapes. A query is composed by drawing a sketch of 
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one or more shapes on a graphic screen. If the sketch is composed of N tem- 
plates, the system first searches an image where N objects are represented in the 
same spatial relation of drawn templates. Once it has been found, the system 
warps each template over the shape located in the same relative position in the 
image, computing a coefficient S~ E [0, 1], (as the output of the neural classifier) 
to measure similarity between the shape and the template. A similarity coeffi- 
cient for the whole image is derived as S = ~N=I Si. Once all the images in the 
database have been processed, they are sorted depending on the value of S and 
presented to the user. The technique explained in the previous sections has been 
applied for retrieval of images by sketch from a database of 20th century pic- 
tures from the Morandi catalogue, in the context of a joint project with industry 
for artwork musem database management systems. Fig. 1 shows the sketch of 
a Morandi's bottle, with a roughly rounded body sketched on the blackboard. 
Retrieval results are shown in Fig. 4 where the six more similar bottles are pre- 
sented. The deformed template is shown superimposed over the original image. 
Pictures retrieved are ordered by decreasing similarity rank; rounded body bot- 
tles are ranked in the first positions, followed by those with more strained shape. 
A query for a different bottle shape over the same database and results obtained 
ordered according to their similarity rankings are shown in Figs. 2, 5. Examples 
of retrieval based on shapes and relative spatial relationships are shown in Figs. 
3, 6. The user is allowed to draw object sketches and arrange their positions in 
the blackboard. Images are analyzed for matching of spatial relations between 
object including rectangles; only those rectangles which have passed the sieve 
are hence subjected to the template elastic deformation process. 
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Fig. 1. A rounded body 
Morandi 's  bottle.  

Fig. 2. Sketch made to re- 
trieve a thin botile.  

Fig. 3. Sketch made to re- 
trieve a bott le with a fruit 
dish at its right hand side. 

Fig. 4. Retrieval results for the sketch of Fig. 1. 

Fig. 5. Retrieval results for the sketch of Fig. 2. 

Fig.6.  Only one image in the DB matches both in shape and in spatial  relation the 
sketch representing the bott le with the fruit dish (Fig. 3). 


