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Having an Edge

Image Processing Basics: Edge Detection

Extracting quantitative features of objects from a scene is one of the major tasks in indus-

trial image processing: the diameter and the position of a hole are typical examples. Best

practice yields images with good grey-level contrast between objects and background, and

the objects clearly show up due to their prominent edges. This article describes some sim-

ple methods for edge detection.

Contours in Binary Images

When images are grabbed by properly
designed acquisition systems, grey levels
of objects are substantially different from
grey levels in the background. Objects
and background can thus easily be dif-
ferentiated by a single threshold. Pixels
with grey levels below the threshold are
set to zero, all the other pixels to 255, re-
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sulting in a binary image. The image is
now beautifully segmented into two
classes, background and objects. Edges,
however, are not yet detected, although
this special task may well be a crucial
step in image processing. Decoding bar-
code patterns, for instance, is based on
the determination of the positions of the
edges of dark and bright regions. The
various methods of Hough transform

usually are applied to edge images with
well prepared edges, preferably thinned
to a width of a single pixel. Generally,
edges are at the heart of image process-
ing as a field of metrology: edges are lo-
cal differences in contrast, showing up in
the image due to proper lighting of the
scene.

A well-prepared raw image and the
subsequent extraction of edges are
shown in figure 1. The source image can
simply be segmented with a single con-
stant grey level threshold. The next step,
labeling, is an analysis of the neighbor-
hood relations between pixels. The result
is not only a well-defined relation be-
tween every pixel in the foreground and
a group of connected pixels (“blob’ in
this case six separated objects), but also
the identification of the so-called contour
pixels, thus the edges of the objects. The
labeling algorithm vyields these results on
the fly: contour pixels are object pixels
with grey level 255 like any other object
pixel, but they can easily be differenti-
ated from inner pixels, since they are
connected to the background. Labeling
and highlighting only the contour pixels
of the blobs in the resulting image turns
out to be a proper method of edge detec-
tion in binary images. A similar approach
is to extract a chain code for the contour
of binary objects, based on contour trac-
ing, which directly features the edges in
an image.

Search Lines

Labeling and contour tracing are used in
most image processing libraries, but they
are by no means trivial. Every labeling
algorithm first has to detect an object in
the image. For this purpose, the binary
image is checked line by line from the
upper left to the lower right corner, and
the grey level of every pixel is checked.
The first pixel encountered with grey
level 255 belongs to an object and neces-
sarily is a contour pixel, thus is part of an
edge. This simple, very efficient method
of edge detection is widely used in indus-
trial applications. It is immediately clear
that search lines from the left, the right,
from the top and from the bottom sides
of the image will touch the adjacent con-
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Fig.1: Grey level image, binary image and label image showing the contour

tour pixels. Search lines yield
good results, whenever the
position of an edge is roughly
known, whereas the exact po-
sition and orientation may
vary due to the characteris-
tics of the handling system for
the parts under investigation.
Edges of this type are “caught”
by use of search lines in pre-
determined regions of inter-
est. Although a single search
line might be sufficient in
some cases, it is worthwhile
to use several parallel, only
closely separated search lines,
checking for consistency to be
one the safe side. An alterna-
tive approach might be to av-

erage the signals of several
lines to eliminate noise or ar-
tifacts. In  general, search
lines are a very efficient
method for edge detection,
whenever certain information
about the structure of the

scene exists, much more effi-
cient than labeling, which is
based on the analysis of the
whole image rather than sin-
gle lines. A refinement of the
use of simple search lines
along the x- and y-axis only
are search arrows, probing a
ROl from several directions,
possibly pointing to or emerg-
ing from a common center, to
check the compactness of a
hole, for instance.

Search Lines in Grey Level
Images

When implementing a search
line in software, you will im-
mediately try to apply the
idea directly to grey level im-
ages. It makes no sense at all
to create a binary image and
just look for the first white
pixel on a line; it is much eas-
ier to take the grey levels
from the line, check for the
first pixel with a grey level
above the threshold and stop
searching, since the edge is
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already detected. The next
step in the evolution of your
method may be to get rid of
the global threshold; why not
just look at the difference be-
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tween the grey levels of two
adjacent pixels in the line?
Once this difference is above
a certain threshold, the edge
will  clearly be segmented
from the background, and
that is all you want to see!
This works fine, and even in-
homogeneous lighting or de-
viations from a flat optical
field will have no significant
influence on the result, since
only the local (and not the

global) differences in grey
level between  background
and object are probed. Sig-
nals must not be in saturation
or near to darkness, of course,
and the threshold for the grey
level difference has to exceed
the noise level clearly. Apart
from these restrictions, this
method of edge detection is
fairly robust, being a differen-
tial method based on the eval-
uation of the local contrast.
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A systematic approach along these
lines of thought directly leads to the idea
of the classical edge filter. Every mathe-
matician in his original right mind, not
yet spoilt by the strange ideas of engi-
neers and the rude methods of physicists,
will immediately see an edge as a region
of rising or falling of a grey level func-
tion, the position of the edge given by the
maximum of the derivative of said func-
tion, the derivate being approximated on
the discrete grid of pixels on a 2D-plane
by a difference-quotient. Indeed, the sim-
ple difference between the grey levels of
adjacent pixels on a line (parallel to the
x-axis, e.g.) is nothing else but the most
primitive, crude and dirty implementa-
tion of the first derivative along that line
(there are much better versions, of
course). In order to make sure that edges
are found independent of their orienta-
tion in the image, possibly with the same
probability and even without shifting
their gracious position, filters have to be
carefully constructed. The absolute value
of the gradient-vector roughly does the
job. It may be plotted as the grey level in
a resulting image, showing edges as
bright areas and regions with slowly var-
ying intensity as dark areas. Edge filters
are broadly dealt with and very well doc-
umented in the literature [1, 2]. We shall
not dare to touch them any more in this
article.

Thinning

A typical result of an edge filter applied
to an image is shown in figure 2 on the
lower right hand side. This operation was
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a so-called Sobel filter, which is a clever
combination of computing a derivative in
one direction and of averaging the sig-
nals in the perpendicular direction, all
within a single scan of the image. The
edges are clearly visible as bright re-
gions. The Sobel filter apparently does a
good job in isolating the general region
of an edge as a zone with a width of sev-
eral pixels. To find the unique position of
the edge, however, the edge image has to
undergo further image processing. This
is a well-known problem with edge fil-
ters. Although post-processing is possi-
ble, of course (looking for local maxima
in the edge image, e.g.), further opera-
tions will consume valuable computing
power and have to be robust, at least in
industrial  applications. Methods  which
directly result in edges thinned to a width
of a single pixel, would probably have a
valuable advantage. For binary images,
there exist some reliable mechanisms of
this kind. An example is shown in figure
3. A so-called dilation was applied to the
binary source, resulting in objects which
have a line of single additional pixels
around their contour. In the next step,
the difference between the source and
the dilated image is computed, resulting
in an image with the contour as the sin-
gle remaining feature, depicted as a
chain of single white pixels like pearls on
a string. Dilation can also be applied to
grey level images; this operation, how-
ever, does not only build up a single pixel
along the edges. The difference image
calculated by means of this procedure is
quite similar to the result of a typical
edge filter, as can be seen in figure 2, de-
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Fig. 3: Binary
image, dilated
binary image and
the difference of
these images
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Fig. 2: Grey level image, dilated grey level image (upper part) and the differ-
ence of these images (lower left part); in the right left part the result of a
Sobel filter for comparison, with enlarged detail from the edge images
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tail. In general,
and consumes a lot of computing power.
If filter operations are definitely a no-go,
you might try to simply shift the whole
image by one pixel to the left and to the
bottom and look at the results of the
Boolean operations between the source
and the shifted image. That can be really
fast!

is a rank filter

Conclusion

Thinned edge images can easily be com-
puted with binary sources by labeling,
contour tracing or by means of search
lines. An alternative approach is to use a
dilated image, subtracted from the bi-
nary source; this operation directly yields
a thinned edge image. Edges in grey level
images may be found by search lines and
analysis of the slope of the grey level
function along the line. This method gives
good results, when the position and ori-
entation of the edge is roughly known.
Generalized methods have to make use
of edge filters. After these operations,
edges appear as bright bands, which usu-
ally have to be thinned with further im-
age processing algorithms.
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