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Vector Directional Filters—A New Class
of Multichannel Image Processing Filters

. Trahanias and A. N. Venetsanopoulos

Abstract— Vector directional filters (VDF) for i image

Fig. 1. A set of 2-dim vectors. The output of BVDF is e middle
vector (f5); tis is not necessarily the case for the V1 it (£4)

desirable [1]. Recently, this has been adopted by many researchers
[2}H4]. An important case of vector image processing operators
are the vector median filters (VMF) that have been introduced as
extension of scalar median filters [5]. VMF can be derived 1)
as maximum likelihood estimates when the underlyj ili
densities are double-exponential or 2) using vecy
[6]. Tn the latter case, the vector median of a
as the minimal vector according to the aggregate or
[6]) Based on vector order statistics, extensions or m
VMF have also been proposed [2], [7].

The operation of the above-mentioned filters can be
according to some distance criterion that is applied to the
veelors inside the processing window. However, the features thal
uniquely characterize a vector, namely direction and magnitude, are
not considered by such an operation and this may produce erroneous
resulls in certain cases. Such an example is shown in Fig. 1, where
VMF is applied to the set of vectors f,,- -, 5. The output produced
is vector £, although vector f, would be a better candidate to output,

This paper approaches the aforementioned problem by explicitly
considering the vector features and scparating the processing of
vector-valued signals into two steps: directional processing and

d ing. A new class of filters is introduced, called

processing are introduced and studied in this paper. These filters separate
the of lued signals into directi processing and
magnitude processing. This provides a link between single-channel image
processing, where only magnitode processing is essentially performed,
and multichannel image processing where both the direction and the
magnitude of the image vectors play an important role in the resulting
(processed) image.

VDF find applications in satellite image data processing, color image
processing, and multispectral biomedical image processing. In this paper,
results are presented for the case of color images, as an important example
of multichannel image processing. It is shown that VDF can achieve very
good filtering results for various nolse source models.

vecior directiona! filters (VDF)., VDF perform the first step, namely
directional processing. They operate on the direction of the image
veclors aiming at eliminating vectors with atypical directions in the
vecior space. This is achicved by employing a novel vector ordering
fechnique in which the angle between the image vectors serves as
the ordering criterion. The term “dircctional processing” used here
denates the processing performed according 1o the veetors® direction
in the vector space. This term has been adopted by other anthors to
denote processing in certain directions in the image plane [8]. Here it
is used in the context of vector spaces and hence it should not bring
any confusion. Similarly, the term “magnitude processing” denotes
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