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11.1 Introduction

It was seen in the previous chapter that very many manufactured goods are
circular or else possess distinctive circular features: this makes it imperative
to have an efficient set of algorithms for detecting circular shapes in digital
images. However, in many situations such objects are viewed obliquely and
so efficient ellipse detectors are also required. Furthermore, some objects are
actually elliptical and this also gives motivation for finding effective ellipse
detection algorithms.

This chapter describes some of the algorithms that have been developed
for this purpose. We concentrate on parallel algorithms, since sequential
methods have already been covered in Chapter 7. In addition, parallel
algorithms such as the Hough transform tend to be more robust: in fact, all
the algorithms described here are based on one or other form of the Hough
transform. Although Duda and Hart (1972) considered curve detection, the
first method that made use of edge orientation information to reduce the
amount of computation was that of Tsuji and Matsumoto (1978). This
ingenious method is described in the next section.

'11.2 The diameter bisection method

The diameter bisection method of Tsuji and Matsumoto (1978) is very
simple in concept. First, a list is compiled of all the edge points in the image.
Then, the list is sorted to find those that are antiparallel, so that they could
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approach to determination of ellipse parameters now seems proven, although
somewhat surprisingly the optimum number of such stages appears to be just
two.

The fact that as late as 1989 basic new ellipse detection schemes were
being developed says something about the science of image analysis: even
today the toolbox of algorithms is incomplete, and the science of how to
choose between items in the toolbox, or how, systematically, to develop
new items for the toolbox, is immature. Further, although all the parameters
for specification of such a toolbox may be known, knowledge about the
possible tradeoffs between them is still at a rather primitive stage. Neverthe-
less, there are moves to greater degrees of robustness with real data by
explicit inclusion of errors and error propagation (Ellis ef al., 1992). In
addition, increased attention has been given to the verification stage of the
Hough approach (Ser and Siu, 1995).

Finally, some work has been carried out on the detection of superellipses,
which are intermediate in shape between ellipses and rectangles, though the
technique used (Rosin and West, 1995) was that of segmentation trees rather
than Hough transforms (nonspecific detection of superellipses can of course
be achieved by the diameter bisection method—see Section 11.2).

11.9 Problems

1. Derive equations (11.7)—(11.9) by the method suggested in the text.

2. Determine which of the methods described in this chapter will detect (a)
hyperbolas, (b) curves of the form Ax® + By’ =1, (c) curves of the form
Ax*+ Bx+Cy*=1.

3. Prove equation (11.1) for an ellipse. Hint: Write the coordinates of P and
Q in suitable parametric forms, and then use the fact that OP LOQ to
eliminate one of the parameters from the left-hand side of the equation.

12

Hole Detection

12.1 Introduction

The last few chapters have been pi
location of objects from their shapes. '
is a viable approach but in more cor
located from their features. In the case
features may be components of the ve
there are two important types of featu
these are small holes and corners. Cc
chapter. This chapter considers the 1
these be used to locate objects and to
are important in the task of accurately
chapter considers carefully how the p
once its hole features (or a subset of th

We start by considering the templat
priori the most obvious means of sear
sections examine alternative means o:
noted that although the chapter is oste
about methods of searching for such fe
convenient vehicles which allow the re.

122 The template matching appr

When considering features such as sn
mental model with which to work. V
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