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a b s t r a c t

The automation process of the pattern recognition for fragments of objects is a challenge to humanity.
For humans it is relatively easy to classify the fragment of some object even if it is isolated and perhaps
this identification could be more complicated if it is partially overlapped by other object. However, the
emulation of the functions of the human eye and brain by a computer is not a trivial issue. This paper
presents a pattern recognition digital system based on Fourier binary rings masks in order to classify
fragments of objects. The system is invariant to position, scale and rotation, and it is robust in the
classification of images that have noise. Moreover, it classifies images that present an occlusion or
elimination of approximately 50% of the area of the object.

& 2016 Elsevier B.V. All rights reserved.

1. Introduction

Reproducing the pattern recognition human functions is a great
challenge and a very difficult task. The research community has
been invested a lot of effort to create robots and automation sys-
tems to this purpose. The introduction of the classical matched
filter (CMF) by Vander Lugt [1] in 1964 generated great interest
and progress in the pattern recognition systems by joint transform
correlators. Unfortunately, these filters are specialized to solve
specific problems, for example one filter could have an excellent
performance in the discrimination step and the signal-to-noise
ratio but a low efficiency under non-homogeneous illumination
[2–4]. Although, composite filters have been used, the problem of
rotation, scale and translation (RST) invariant correlator image
descriptor is an active field of study due to its intrinsic complexity
[5–11].

The scale invariant feature transform (SIFT) [5,6] and their
variants [7,12–14] are robust and efficient local invariant feature
descriptors for gray-level images. Local feature descriptors are
used in a variety of pattern recognition real-world applications
due to the identification efficiency of objects with moderate geo-
metric distortions or partial occlusions. However, the performance
of the local feature descriptors decays drastically when images

have noise or non-homogeneous illumination [9,10].
Recently, pattern recognition systems based on binary rings

masks were developed [9,11,15,16]. These methodologies are ro-
bust and efficient in the gray-level images pattern recognition
regardless of the position, rotation and, in some cases, objects’
scale. Also, the response of these systems is great under non-
homogeneous illumination and noise. In Ref. [15] the invariance to
scale is achieved via the 2D non-separable scale transform. This 2D
transform is not invariant to translation, hence the center of mass
of the object is used to solve it. Based on the modulus of 2D
transform of the image a single binary rings mask is built, there-
fore 1D RST signature is obtained. To avoid the problem of calcu-
lating the center of mass of the object, this work is based on the
pattern recognition systems developed in Refs. [9,11,16], the sys-
tems utilized the amplitude spectrum of the image to obtain the
invariance to position. Also, in those works are set four approaches
to build the masks yielding four 1D RT signatures for a given im-
age. Because these systems are invariant to position and rotation
only, in the present work the invariance to scale was incorporated
by using the analytical Fourier–Mellin transform. Moreover, the
systems in [9,11,15,16] do not work with images of fragments of
objects, the pattern recognition system proposed classifies that
type of images too.

This work presents a RST invariant pattern recognition system
based on the Fourier binary rings masks methodology [16]. Using
the amplitude spectrum of the Fourier transform in order to obtain
the invariance to translation and the normalized analytic Fourier–
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