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ABSTRACT

Thanks to a specific formalism for signal generation, it is
possible to transpose an image processing problem to an ar-
ray processing problem. For straight line characterization, the
existing method Subspace-based Line DEtection (SLIDE)
works on virtual signals generated on a linear antenna. In
this paper we propose to retrieve circular and nearly circu-
lar contours in images. We propose a novel method for radius
estimation, and we extend the estimation of circles to the re-
trieval of circular-like distorted contours. For this purpose we
develop a new model for virtual signal generation: we simu-
late a circular antenna, so that a high resolution method can be
employed for radius estimation. An application to biomedical
imaging is proposed.

Index Terms- Antenna arrays, Biomedical image pro-
cessing, Image segmentation, Optimization methods, Signal
processing antennas

1. INTRODUCTION

Circular features are often sought in digital image pro-
cessing. Several methods have been proposed for solving this
problem. Generalized Hough transform [1] in particular is ap-
plied to biometrics, but its computational load is elevated.
Contour-based snakes methods [2] detect objects with conca-
vities. Fast array processing methods were adapted to the re-
trieval of contours in images [3, 4]. An existing method es-
timates the coordinates of the center of a circle [5], through
a signal generation process upon a linear antenna [3]. In this
paper we propose a new approach which employs a circular
antenna. Section 2 sets the problem of circle retrieval and ra-
dius estimation, and explains how to generate a linear phase
signal from the image, by means of a circular antenna; we
show that the generated signal suits a high resolution method.
In Section 3 we extend the work concerning circular contours
to the case of any circular-like contour, by means of the Gra-
dient optimization method [4]. In Section 4 we expose the
results obtained by our methods, and propose a comparison
with the generalized Hough transform.

2. PROBLEM SETTING AND SIGNAL GENERATION

2.1. Problem setting

The purpose of this paper is to estimate the radius of a
circle, and the distortions between a closed contour and a
circle that fits this contour. We propose to employ a circular
antenna that enables a particular signal generation. We show
that the phase characteristics of the signals which are gene-
rated fit classical high resolution and optimization methods.
Fig. l(a) presents a binary image I. An object in the image
is made of edge pixels with value '1', over a background of
zero-valued pixels. The object is fitted by a circle with radius
value r and center coordinates (lI rme). Fig. 1(b) shows a sub-
image extracted from the original image, such that its top left
corner is the center of the circle. We associate this sub-image
with a set of polar coordinates (p, 0), such that each pixel of
the expected contour in the sub-image is characterized by the
coordinates (r + /Ap, 0), where /Ap is the shift between the
pixel of the contour and the pixel of the circle that fits the
contour and which has same coordinate 0. Ap can get either
positive or negative values.
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Fig. 1. (a) An image containing a contour fitted by a circle
with center coordinates (IC, mC); (b) Bottom right quarter of
the contour and pixel coordinates in the polar system (p, 0)
having its origin on the center of the circle. r is the radius of
the circle. Ap is the value of the shift between a pixel of the
contour and the pixel of the circle having same coordinate 0.

In previous work [6, 4] the optimization method that is set
retrieves the phase shift between a linear phase model and
the phase of a signal which is generated from the image. The
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