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1. INTRODUCTION

Edge detection is mainly the process that measures, detects
and localizes changes of intensity. Edges may or may not
correspond to an object boundary, but they have the desirable
property of drastically reducing the amount of information to be
processed subsequently while preserving information about the
shapes of the objects in the scene. Most vision systems use
an edge description of the scene as input to higher level image
understanding processes.

In literature a number of optimal linear filters have been
proposed for edge detection. These filters can be divided into
two classes. The first class of filters are first order derivatives of
low-pass filters and look for maxima in the output of the filter (cf.
Canny [1], Deriche [2], Sarkas and Boyer [11]). The second class
of filters are second order derivatives of low-pass filters and detect
zero crossings in the output of the filter (Marr and Hildreth [8],
Deriche [3], Sarkar and Boyer [10], Shen and Castan [12]). These
filters are always obtained in the 1D continuous domain. The
criteria used are those introduced by Canny: good detection, good
localization and a low spurious response. The influence of nearby
edges is not taken into account. An important aspect in obtaining
these filters is the natural uncertainty principle. This principle says
that the product of the good detection and the good localization
criteria is invariant with respect to spatial scale. However, the
filtering has to be performed in the discrete domain. Discrete
filters are obtained by sampling the continuous filter.

2. 1D EDGE DETECTION IN THE
DISCRETE DOMAIN

In this section we will discuss the influence of the sampling
process on the performance of the different edge detectors. The
performance criteria are similar to those used by Sarkar and
Boyer [10] (adapted to the discrete domain): large SNR (i.e. a
large slope ratio), a good localization (Localization =1/localization
error) and a low multiple response (a large M RC-value will
result in fewer spurious responses). In the continuous domain,
the product of the SN R and the Localization is independent of
the spatial scale of the filter. However, increasing the spatial
scale results in an increase of the influence of nearby edges (De
Vriendt [5]). This influence should be taken into account both
in the continuous and in the discrete domain. Therefore, in the
discrete domain we also introduced a parameter dj, which takes
into account the influence of nearby edges. dj is defined as
the minimal distance between two edges with the same intensity
step (but with a different sign) such that the localization error
has a maximum of 1/2 pixel. The performance (perf = SNR -
Localization - M RC) of different filters is compared for a given
dyp. The derivation of the expression of the SN R, Localization
and M RC are found in De Vriendt [6].

The SN R is given by the slope ratio, i.e.
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where y.(k) = s(k) * h(k), s(k) the Gaussian filtered (and
sampled) version of the ideal step edge A - U(z) and h(k) the
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zero crossing based edge detection filter. The Gaussian filter g,
represents the low-pass filtering introduced by the system’s optics.
yn(k) = n(k) * h(k), where n(k) is white Gaussian noise, i.e.
E[n(k)n(k + 7)] = 026(7). After some calculations we obtain
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The Localization is obtained as
Localization = : (4)
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In De Vriendt [4], [6] we have obtained a very good approx-
imation for the distribution of the localization error. From this
distribution the variance of the localization error is obtained. The
M RC is given by
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where d. is the mean distance between zero crossings in yn (k)
and W is given by
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It is easy to prove that (crf. Papoulis [9])
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Due to the low-pass filtering introduced by the system’s optics,
the natural uncertainty principle is no longer valid. The minimum
in the standard deviation of the localization error is no longer
obtained for a filter width which approaches zero. Furthermore,
the sampling of the continuous filters proposed by Sarkar and
Boyer [10], Deriche [3] and Shen and Casten [12] leads to aliasing.
As a consequence, the response of the filter to a constant signal
is no longer zero. The detection filter has to be modified.
Alternatively, we can use the projection function p(z) (i.e. the
double integral of k(z)), sample p(z) to obtain p(k) and finally
compute h(k) by convolution of p(k) with a small filter for
approximating the second order derivative i.e.

h(k) = p(k + 1) — 2p(k) + p(k — 1), (8)

The filter considered in the comparison are in case we start
from the projection filters:
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In this case the zero crossing based edge detection filter k(k)
are obtained by using equation (8). In case we immediately start
from the sampled versions of the continuous edge detection filters
we have:

hauss (k) = 22522 g, (k) + cst for [k] < 5.50

=0 for |k| > 5.50 (13)
where cst is chosen such that Z;::_oo h(k) = 0. For the ISEF
we define h(k) as (cfr. Shen abnd Casten [12])

l1—a
Ikl — §(k) with @ €]0,1[ .
1+aa (k) with a €]0, 1]
This filter (as well as the next 2 filters) can easily be imple-
mented as an IIR filter. As an approximation for the filter of
Sarkar and Boyer [11] we use
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with
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The value of + is chosen such that Z;O:o_oo h(k) = 0. Sarkar
and Boyer choose o = 0.312 because this value maximizes the
product of SN R, localization and M RC. The filter proposed by
Deriche is a special case of the filter of Sarkar and Boyer (i.e. for
a=-1).
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Fig. 1. The performance (per f) as a function of dy, for the different
filters in the 1D domain (dj, = 0.6)

Again the value of v is chosen such that E;:O:O_oo h(k) = 0.

In the continuous domain the best performance is obtained for
the filter of Sarkas and Boyer, followed by the filter of Deriche,
the Gaussian filter and the filter of Shen and Castan. This result
is still true for large filter widths i.e. for large dp. We could
expect this result because for large (spatial) widths of a filter, the
bandwidth of the filter is very small and consequently there is no

aliasing (except for the filter of Shen and Castan (De Vriendt
[6])). However, other conclusions are obtained for smaller dj
(see Fig. 1). For dj smaller than 3.84, the Gaussian filter gives
the best performance. Except for the filter of Shen and Castan,
all filters have an increasing performance when dj increases. Of
course, an increasing dj, also results in a larger influence of nearby
edges which is not reflected in the performance. The optimum of
perf - d;l is obtained for the Gaussian filter (dj = 2.78) for a
spread of the Gaussian filter of o = 1.41. In De Vriendt [7], [6]
we obtain the optimal 1D edge detection filter using these criteria.

3. 2D EDGE DETECTION IN THE
DISCRETE DOMAIN

A 2D filter can be obtained by convolving a linear edge
detection filter aligned normal to the edge direction with a
projection function parallel to the edge direction. A substantial
saving in computational effort is possible if the projection function
is the double integral of the edge detection filter. Indeed, the
edges can be detected by first filtering the image with a 2D
version of the projection filter and then computing the second
order directional derivative in the direction of the gradient. This
method is used by Marr and Hildreth [8] (though they compute
the Laplacian instead of the directional derivative), Deriche [3],
Sarkar and Boyer [10] and Shen and Castan [12].

The performance criteria are the natural extensions of the
criteria in the 1D domain. These criteria are: SNR, Localization,
MRC and dy. In the 2D continuous domain, the product of
SNR and Localization is independent of the spatial scale. On
the other hand, in the 2D domain, the SN R increases strongly
by increasing the width of the filter, and the Localization is almost
constant (slightly increasing) for an increasing width of the filter.
If we would only take into account the SNR, Localization and
MRC in the performance evaluation, the optimal filter would
have an infinite width. Therefore, the parameter dj is very
important in the 2D domain. dj takes into account the influence
of nearby parallel edges. For an edge parallel to a given direction,
the length of the edge in that direction will also be limited.
Therefore, also the extent of the projection function p(k) should
be limited. A new parameter 0,1 is introduced as a combination
of op, the spread of the projection function, and the spread of
the low-pass sampling filter. The performance in 2D is defined as
perf = SNR- Localization- M RC/0,p¢. Filter are compared
for a given dj,.
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Fig. 2. The performance (perf) as a ﬁmci‘ion of dy, for the different
filters in the 2D domain
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