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Abstract
Multivariate image analysis (MIA) combined with the latent semantic indexing (LSI) method was used for the retrieval of
similar water-related images within a testing database of 126 RGB images. This database, compiled from digital photographs of the various water levels and similar images of surface areas and vegetation, was transferred into an image matrix,
and reorganised by means of principal component analysis (PCA) based on singular value decomposition (SVD). The high
dimensionality of original images given by their pixel numbers was reduced to 6 principal components.
Thus characterised images were partitioned into clusters of similar images using hierarchical clustering. The best
defined clusters were obtained when the Ward’s method was applied. Images were partitioned into the 2 main clusters in
terms of similar colours of displayed objects. Each main cluster was further partitioned into sub-clusters according to similar shapes and sizes of the objects. The clustering results were verified by the visual comparison of selected images. It was
found that the MIA-LSI approach complemented with a suitable clustering method is able to recognise the similar images of
surface water according to the colour and shape of floating subjects. This finding can be utilised for the automatic computeraided visual monitoring of surface water quality by means of digital images.
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Introduction
Water quality is usually monitored using a number of chemical,
physical, and biological methods, which are expensive and time
consuming. Moreover, these methods must be performed in
laboratories, into which samples must be transported from distant sampling points. It takes time and the materials are costly.
In many cases only the visual monitoring of the water surface
and/or water environment is satisfactory. For instance, unusual
colour, changes in turbidity and heterogeneous objects on the
water surface, such as oil spots, tree branches, dead animals,
foam, etc., can indicate environmental problems that consequently have to be solved by common laboratory methods.
Images contain a large amount of information and have
been used by scientists for a long time. Image analysis has been
traditionally used in medicine, criminology, in all types of
microscopic analysis, aerial and satellite imaging and so forth.
The digital images are in fact numerical data, and statistical
methods can be used to analyse them. Multivariate image analysis was introduced by Esbensen and Geladi (1989). Principles
of this method are described in, for example, a book written
by Geladi and Graham (1996). According to this approach an
image can be represented by a 3D array (n x m x l) consisting
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of (n x m) pixels with l spectral channels. For example, a true
(RGB) current colour image has 512 x 512 pixels in 3 colours
(red, green, blue) that can be transformed into a 512 x 512 x 3
array. The entries in this array are integers between 0 and 255.
The 3D array can be resized (unfolded) to a 2D one (matrix)
that is n x m by 3. The feature vectors of n x m size summarise
the general information of the image. Then, PCA can be performed on this matrix in the usual way.
Traditionally MIA has been used for the analysis of pixel
properties. Its applications in food (Yu and MacGregor, 2003),
skin properties (Prats-Montalbán et al., 2009) and texture
analysis (Bharati at al., 2004), the classification of medical
images (Kucharyavski, 2007), chemical analysis (Payne et
al., 2005; Lupetti et al., 2005), etc. have been reported in the
literature. MIA can be performed using several methodologies,
from which PCA based on singular value decomposition (SVD)
of the unfolded 2D arrays was found to be the most appropriate
method (Prats-Montalbán et al., 2009).
Latent semantic indexing (LSI) method used for the semantic analysis of text documents (Berry et al., 1995 and 1999) is
based on a similar idea. A document m x n matrix is composed
from n document vectors containing m terms. The n vectors
representing the n documents form the columns of the matrix.
A matrix document aij is the weighted frequency at which term
i occurs in the element j. Thus, the matrix columns are the
document vectors and the rows are the term vectors. The LSI
steps are the following:
• SVD of a document matrix
• Retrieval of similar transformed document vectors.
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