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Abstract
This paper addresses the problem of how to e$ciently and e!ectively retrieve images similar to a query from
a trademark database purely on the basis of low-level feature analysis. It investigates the hypothesis that the low-level
image features used to index the trademark images can be correlated with image contents by applying a relevance
feedback mechanism that evaluates the feature distributions of the images the user has judged relevant, or not relevant
and dynamically updates both the similarity measure and query in order to better represent the user's particular
information needs. Experimental results on a database of 1100 trademarks are reported and commented.  2001
Pattern Recognition Society. Published by Elsevier Science Ltd. All rights reserved.
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1. Introduction
The content-based retrieval of trademarks is `extremely challenging and instructive to studya, due to the high
complexity and diversity of the data involved, also often
composed of several distinct components [1]. Our study
has addressed the problem of how to e$ciently and
e!ectively retrieve images similar to a query from a trademark database purely on the basis of low-level feature
analysis. As already pointed out by several authors [1,2],
perceptually similar images are not necessarily similar in
terms of low-level features. We have investigated the
hypothesis that the low-level features used to index the
images can be correlated with their semantic contents by
applying a relevance feedback mechanism.
A few applications designed speci"cally for the registration of trademarks are available. Wu et al. have
developed a prototype system, STAR, using their content-based retrieval engine for multimedia information
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systems [2}4]. Eakins et al. have developed a prototype
system (ARTISAN) for the UK Patent O$ce Trade
Marks Registry, to retrieve trademarks when these consist of abstract geometric designs [5]. Another system,
called TRADEMARK, operates on the trademark
database of the Patent O$ce of Japan [6]. A detailed
analysis of the problems involved in trademark registration can be found in a recent paper by Jain and Vailaya
[1]. These authors propose a computational strategy in
which multiple feature description schemes of the same
visual cue (shape) are used to improve retrieval accuracy
without signi"cantly increasing computational costs. At
the "rst stage of processing (pruning) Jain and Vailaya
represent the trademark images in terms of invariant
moments and the histogram of the edge directions, integrating the dissimilarity of these features by a weighted
mean. A small set of plausible candidates is then presented to a detail matcher based on deformable templates to
eliminate false matches. This second phase makes it possible to eliminate the false matches, but cannot cope with
trademarks that have not been retrieved in the "rst stage,
although actually perceptually similar to the query. We
have attempted to improve the e!ectiveness of the "rst
stage of retrieval by relevance feedback, i.e. by allowing
the user to progressively re"ne the system's response to
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his query. The key concept of the relevance feedback we
propose is the statistical analysis of the feature distributions of the retrieved images the user has judged relevant,
or not relevant, in order to understand what features he
has taken into account (and to what extent) in formulating this judgment, so that we can then accentuate their
in#uence in the overall evaluation of image similarity, as
well as in the formulation of a new query iteration.
Section 2 of the paper brie#y describes the feature sets
used to index the images. Section 3 presents the relevance
feedback mechanism implemented. Experimental results
are reported in Section 4, followed by our conclusions.

2. Image indexing
The features used for indexing have been selected for
three basic properties [7]:
(i) perceptual similarity (the feature distance between
two images is large only if the images are not
`similara),
(ii) e$ciency (the features can be rapidly computed),
and
(iii) economy (small dimensions that do not a!ect
retrieval e$ciency).
Loncavic [8] has recently published a review of shape
analysis, while Mehthre et al. [9] and Scasselati et al.
[10] have reported experimental comparisons of
methods of image retrieval based on shape similarity.
Jain and Vailaya have experimented di!erent feature sets
for trademark indexing, "nding that invariant moments
and the histogram of the edge directions are the most
e!ective [1]. These features are applied here, together
with the mean and variance of the absolute values of the
coe$cients of the sub-images of the "rst three levels of
the multiresolution wavelet transform of the image. We
have used this somewhat redundant image description as
none of the features can univocally identify an image:
completely di!erent images may yield similar feature
values. The very di!erent natures of the indices chosen
here should limit the possibility of di!erent trademarks
corresponding to very close points in the feature space.

su$cient information to describe image appearance. For
an image f (x, y) the central moments are given by
 "
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where x and y are the coordinates of the center of mass.
From the following combinations of second and third
moments:
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a set of invariant moments which have the useful properties of being invariant to the object's scale, rotation, and
position has been derived [11]:
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where r"( # ) is the radius of gyration of the


object.
Moments, however, do not su$ce to completely describe the perceptual appearance of trademarks. The two
trademarks shown in Fig. 1, for example, are actually
similar from a perceptual point of view, although they
have quite di!erent moment values.

2.1. Moments
Moments, in general, describe numerical quantities at
some distance from a reference point or axis [11,12].
Their use in image analysis is straightforward if we consider the image a two-dimensional density distribution
function. However, characterizing all the information
contained in an image would require an in"nite number
of moment values. The challenge, therefore, is to select
a meaningful subset of moment values that contains

Fig. 1. Two similar trademarks having very di!erent descriptions in terms of invariant moments.

