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Abstract : In the context of multimedia information mining growth, image retrieval has an
important place. The content-based image retrieval paradigm consists of computing image
similarities by distances between image descriptors,; important research efforts have been
deployed by now for improving the description procedures. Sill, the visualization of the
similarity relations between images and the current displaying of images relevant to a given
guery image is far less studied. In this paper we propose some new, fast, two-dimensional
image-similarity-preserving displays.
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. IMAGE DATABASE QUERYING AND BROWSING

The growing demand for fast and accurate access and information
retrieval has extended to visua information as well. The multimedia revolution
of the last years imposed ever more demanding image handling requirements in
displaying, storing, searching and analyzing visua information. The Internet and
the World Wide Web are certainly part of this evolution. The recent emphasis on
image retrieval systems, by visua and content similarity, strongly illustrates the
need for the development of effective image description schemes.

In the context of retrieval, the descriptor is used to search in a database for
Images that are smilar to the given image. Image description involves extracting
relevant features from images within the database, such that a mathematically-
computed distance between feature vectors corresponds to the visual distance (or
visual smilarity) between the images. Since the introduction of the first image
retrieval systems [1], [5], [6] important research efforts have been deployed for
improving the image description procedures. Still, the visualization of the
smilarity relations between images and the current displaying of images
relevant to a given query image is far less studied.
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The remainder of the paper is organized as follows : section |1 will focus
on the description of the IRIS indexing and retrieval system and section [11 will
present the proposed two-dimensional retrieved image displays. The paper ends
with some concluding remarks.

[I.THE IRISSYSTEM

IRIS (Image Retrieval and Indexing System) is a prototype software
toolbox for image database browsing and management [9]. The IRIS system
consists of a Matlab function set, which allows querying image databases
according to image query examples, in order to retrieve images that are visually
similar to the query. The query image can be interna or externa to the indexed
image database and is considered as a global query. Like most indexing systems,
IRIS performs database indexing off-line, by computing the content descriptor
vectors for al the images within the specified image database. The image
content descriptors are stored into an Image Database Descriptor (IDD) file, ina
smple matrix form and linked to an Image Database Content (IDC) file, which
lists the image filenames and locations. The smilarity between images is
inferred according to simple distances (such as Euclidean or city-block) between
the corresponding image content description vectors. The query results are
ranked according to their distance to the query image. The graphical user
interface of the IRIS system (see figure 1) is an image database browsing tool,
which alows the user to visuaize the content of a selected image database
according to some pre-defined orders. the usua IDC-file order (alphabetical
order of image filenames), a randomized selection order (a shuffle of the
previous order) and the query-induced similarity order. All the aforementioned
browsing types produce a linear image plot (see figure 1).

The IRIS system currently implements several basic image descriptors,
based on statistical measures (moments and distributions) of relevant image
features. The image description is done according to the classical color-texture-
shape paradigm [1], [6], accounting for image colors (represented in RGB or Lab
color spaces), energetic and run-length textural features and edge strengths.

1. SIMILARITY-PRESERVING IMAGE DISPLAYS

There are two main approaches n constructing scatter-plots of images
with respect to their relative smilarities. The usua approach [1], [5], [8] is to
show images in the order of their similarity ranks, in alinear structure (figure 1);
this approach is inexpensive but reduces the overall perception of image



similarity relations. Improvements have been proposed, by using visua effects
(fish-eye lens deformation of the entire image display) or specia, fractal-type
shapes for the image grid [1], [6]. Although the effects create some enhanced
perception of the set of images, it should be noted that this approach is not
taking into account the specific similarity between the displayed images.

A second approach is based on statistical tools that allow to reduce the
dimensionality of the image description vector to two components, further
viewed as Cartesian coordinates for a subsequent image plot. At each resulting
point a thumbnail of the origina image is displayed. The dimensiondlity
reduction is usually done by a principa component analysis (PCA) or
Karhunen-Loeve (KL) expansion of the set of image description vectors, or by a
multidimensional scaling (MDS) [7], [3], [4], based on the distances between the
Image descriptors.

Both methods require a lot of computations. the PCA implies computing
the covariance matrix and its eigenvalues and eigenvectors; the MDS (in its
classical, metric form) uses a singular value decomposition (SVD) of a matrix.
The MDS is preferred with respect to the PCA, since the PCA is intrinsically
adapted to hyper-ellipsoidal shaped image descriptor distributions (which is not
aways the case). If the techniques are used for the entire database, they are
performed off-line [4].

A computational simplification of the MDS has been proposed as the
FastMap dgorithm [2]. The FastMap agorithm is based on geometrical
considerations and uses vector projections and distance updates, by iteratively
finding the direction of the strongest component variation. We propose to further
simplify the idea behind FastMap.

We will use asimplified model of the dimensionality reduction, based on
the angular distances between the image descriptors of the images belonging to a
selection of relevant images. Since the final image display must preserve the
image similarity information (represented by the current distance between the
image descriptors) the relative spatial spread of the image descriptors with
respect to the query descriptor could be used. We propose to measure this spatia
spread by the angle between the query descriptor and each descriptor of the
retrieved images, or the difference vector between the query descriptor and each
descriptor of the retrieved images. If we denote by x, the query descriptor and

by x; the descriptor of the i-th retrieved image, the relative angles g;are
computed as:
q; =arccosM orq, = arccoc<xo"xq i Xi>.
HXqH"Xi " ‘”XqHHXq - X H
In the equations above, < > Is the scalar product of the image descriptor

vectorsand | | is the Euclidean vector norm. This procedure is computationally
Inexpensive and produces visually significant results (see figure 2).




The IRIS browsing interface was updated in order to accommodate image
scatter-plot (two-dimensional) displays based on the various presented methods
(PCA, MDS, angular).

V. CONCLUSIONS

In this paper we briefly presented a fast method for the computation of
plane coordinates for two-dimensional image displays, to be used with content-
based image retrieval systems. Such displays provide an enhanced perception of
the image database content and of the similarity between the selected images. In
the same time, the display is richer than the classical matrix-based display, since
more image thumbnails can be viewed simultaneously.

Further developments of this display techniques may include the
improvement of the computational complexity of the dimensionality reduction
scheme for any of the presented methods and the further embeding of human
visual system characteristics (focus of attention, peripheral vision, visual scan
path).
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Fig. 1. Command window (at left) and image database browsing window of the
IRIS system. The image database used is Hermitage paintings, consisting of 140
paintings from www.hermitage.org. The image database browsing was
performed according to the visual similarity with respect to the top-left image;
the visualization effect is poorer than the visualization using two-dimensional
similarity representation (presented in figure 2). The two-dimensional displays
accommodate twice the number of image thumbnails on amost the same area as
the current matrix display.
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Fig. 2: Two-dimensional image scatter-plot of images within the database,
according to the similarity relations between the images (same query image asin
figure 1). The distances within the image locations are proportional to the image
similarity. The two-dimensional scatter is performed according to the angle
between the image signatures and their corresponding distances (upper image)
and according to the FastMap agorithm (lower image).



