Contour Tracking

Image Processing Basics: Contour-based Pattern Matching

Pattern Matching is a method to search for a given template or so-called model within an
image. The procedure results in a similarity image with a score figure at every pixel. The
higher the score, the higher will be the probability for a real match between the template
and the image region in the vicinity of this individual pixel. There are some matching meth-
ods based upon the contours of objects rather than grey-level templates. These algorithms

process edges in images and use quite abstract relations between geometric primitives to

check geometric models of objects.

Contours

The contour is the perimeter of a binary
object. To use this concept, objects must
have been successfully segmented from
the background. Figure 1 shows an ex-
ample with segmentation by simple
thresholding. Labeling results in single
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binary objects, which are white in this
example, and usually provides the con-
tour on the fly, as shown in the right part
of figure 1. Contour pixels are those ob-
ject pixels which have neighbors in the
object as well as in the background (or to
be more precise, which have an object
pixel in their 8-connected pixel neigh-
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Fig 1: Grey-level image, binary image and label image with contours of binary objects.
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borhood and a background pixel in their
4-connected pixel neighborhood). Based
upon this criterion, these special object
pixels can be separated and stored as the
contour. A well-known and efficient
method for coding the contour is the
chain code. Beginning with a starting
point on the contour the boundary of the
object is traced from pixel to pixel and
the corresponding direction is stored as
an integer between 0 and 7. Figure 2
shows an example according to a com-
mon convention, Freeman’s chain code.
The starting point (x,y), depicted in red,
is found by scanning the image from the
left and from the top and is thus deter-
mined unambiguously. The contour com-
pletely determines the binary object,
since the pixel pattern may be recon-
structed from the boundary by filling,
and thus must contain all the informa-
tion which might be extracted from the
2D-object. As a consequence, there
should exist methods to recognize an ob-
ject based solely upon the characteristics
of its contour. Let us have a look at an
ideal square with edges parallel to the
axes of the coordinate system. The start-
ing point (x,y) will be the upper left cor-
ner. The contour is traced counter-clock-
wise, resulting in the direction 6 for the
first edge, O for the second edge, 2 for the
third and finally 4 for the last edge. Free-
man’s code for this square will thus con-
sist of, depending upon the edge length,
20 directions with code 6, e.g., followed
by 20 directions with code 0 and so on.
Four groups of identical directions with
equal length, each followed by a counter-
clockwise turn by 90°, will thus code a
square. A turn by 90° corresponds to
adding +2 (modulo 8) to the actual Free-
man-direction and can be easily detected
with an algorithm. Even an ideal square,
however, will not show just four uniform
directions after a real image acquisition,
especially when the rotational position
may be at random, but after smoothing
the chain code, straight line segments
with corresponding directional changes
at their end points may be inferred. This
simple example already shows the basic
idea of contour-based pattern matching.
Processing of the contour results in a ge-
ometric model of the object, which is de-
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Fig. 2: Freeman’s chain-code (left) and an example for chain-coding (right).
The contour is traced counter-clockwise, beginning with the red starting
point (x,y), and the direction of the subsequent contour step is stored.

scribed in abstract terms
rather than as a grey-level
template. In this sense, we
will look at a square, when
the contour is made up of four
straight line segments of
equal length, which are con-
nected at their ends with a
counter-clockwise change of
direction by 90°. It is immedi-
ately clear that this descrip-
tion will apply to a square
whatever its dimensions and
angular orientation will be.
The model thus will a priori
be invariant with respect to
scaling and orientation, which
is quite a nice feature.

Correlating the Contour

As suggested above, the
smoothed chain code of a bi-
nary object may be directly
compared to the chain code
of the template. In order to be
invariant against scaling,
which means to find similar
objects but with different di-
mensions, the method must
use the chain code normal-
ized to a standard length.
When the angular orientation
is not controlled, there usu-
ally will be different starting
points for the chain code of
the object and of the tem-
plate, respectively. Matching
will be much more compli-
cated under such circum-
stances. In some applications,
features may be calculated
from the chain code such as a
histogram of directions, e.g.,
but information will be lost by
such procedures, and the
classification will in general
be ambiguous. An alternative
is to code the contour as the

radius function. To obtain this
function, the centre of mass
of the binary object is deter-
mined. Starting from a refer-
ence direction, the distance
between the centre of mass
and the contour is measured
in defined angular steps and
plotted as function of the po-
lar angle. This radius or polar
distance function is like a fin-
ger print of the object, some-
times also called the signa-
ture. An example is shown in

figure 3. The red curve in the
right upper part of the figure
is the smoothed radius func-
tion for the pentagon-shaped
object shown on the left side.
To match this function with a
template, the signature of the
object under examination is
compared with the radius
function of the template by
shifting the template step by
step through the full range of
sampling angles and calculat-
ing the correlation for every



position. When the correla-
tion is above a certain, empir-
ically pre-determined thresh-
old, we have a match. The
object is found, and, as addi-
tional useful information, the
rotational position can be de-
termined, since the angle of
best match is known. This
method may be regarded as
the application of classic pat-
tern matching with grey-level
templates to the contour, rep-
resented by the radius func-
tion, and thus may well be
called contour-based pattern
matching. Abstract properties
of a geometric model, how-
ever, have not been used in
this approach.

Geometric Model Finder

Pattern matching applied to
the contour function requires
binary objects, and successful
segmentation and a continu-
ous boundary line without
gaps are prerequisites. The
description of the template by
means of an abstract geomet-
ric model, however, opens up
the possibility to directly com-
pare features of the model
with structures within the
grey-level image. For this
purpose, the first step is to
calculate an edge image from
the grey-level file and, in the
ideal case, to thin these edges
to a width of one pixel. The
contours of objects thus show
up as edges. There also ap-
pear, however, edge struc-
tures which do not belong to
objects but are due to shad-
ows or stem from the surface
texture of objects, and some
contours are frayed out. The
next step is to look for the ge-
ometric primitives in the edge
image, which appear in the
description of the template in
terms of geometric modelling.
For the case of the square
mentioned above, the edge
image will be scanned for
straight lines. Well suited for
this task is the Hough-trans-
form, which calculates a score
for straight lines and also for
collinear straight line seg-
ments. The score can be used
to  discriminate = random

matches against the best can-
didates for true straight line
segments in the image [1].
There also exists a Hough-
transform for circles, which
has already been treated
within this series of articles
[2]. Straight lines and circles
usually are sufficient for the
description of contours of
real-world objects as a com-
bination of polygons and cir-
cular segments. For the
square treated as an example
above the geometric model
means that four straight line
segments of equal length have
to appear in the edge image,
which are in contact at their
ends and show a counter-
clockwise directional shift of
90° to each other. When only
three line segments of equal
length are found and a fourth
line segment which is shorter,
but the requirements con-
cerning directions are ful-
filled and three connecting
points appear at the ends of
the lines, there is a good
chance that there is a square
in the image which has been
partly occluded by another
object or is just shadowed.
Such a structure may not be

Fig. 4: Grey-level image (top), edge
image (centre) and result of the
Hough-transform for circles (bot-
tom); points are depicted as over-
lay with the original image to show
the centers of the circles detected.
Mind the white point as centre of
the partly occluded metal ring.

Fig. 3: An object and the corresponding radius function. C is the centre of
mass of the object, S is the first contour pixel in the polar distance plot.

classified as a square imme-
diately, but might be a good
candidate for a closer look at
the image region. Several
Geometric Model Finders use
more or less complex versions
of the Hough-transform for
geometric primitives and uti-
lize the relations between
these structural elements in
the framework of the geomet-
ric model for the template or
are based on the generalized
Hough-transform [3]. By
means of these procedures
objects can be found which
show severe gaps in their
contours or which are partly
occluded by other objects.
With increasing number of
parameters in a geometric
model, however, the complex-
ity of the implementation will
grow, and the processing time
will usually soon break the
limit of the available time
slice, at least for industrial
applications.

Conclusion

Contour-based pattern match-
ing usually refers to search
methods in grey-level images
based on edge-images and
using geometric models of ob-
jects. Such Geometric Model
Finders may result in good
performance even with partly
occluded obhjects and can be
invariant with respect to scal-
ing and rotational position.
Like the classic grey-level
correlation,  contour-based
methods will only give a

(sometimes quite small) prob-
ability for a match between
the template and a structure
in the image. There is a huge
range of different approaches
for construction and imple-
mentation of these proce-
dures [4]. In figure 4, we used
the Hough-transform for cir-
cles to demonstrate that even
simple methods may already
be robust with respect to re-
flections and inhomogeneous
lighting, may show good dis-
crimination against further
structures and can be quite
successful with partly oc-
cluded objects. Complex mod-
els may soon get out of con-
trol concerning processing
time and must be carefully
optimized [4]. There is no
doubt, however, that Geomet-
ric Model Finders are a valu-
able additional tool in the im-
age processing workshop and
meanwhile belong to the ba-
sics of this field.

References
[11 W. Burger, M. J. Burge, Digitale
Bildverarbeitung, Springer,

2005, S.152-167

[2] INSPECT 3/2008, p. 24 ff

[3] D. H. Ballard, Generalizing the
Hough-transform to detect ar-
bitrary shapes, Pattern Recog-
nition Vol. 13, No. 2, p 111-122,
1981

[4] Steger, C., Ulrich, M., Wiede-
mann, C., Machine Vision Algo-
rithms and Applications, Wiley-
VCH, Weinheim 2008, p. 222 ff

» Author
Prof. Dr. Christoph Heckenkamp

heckenkamp@h-da.de
www.fbmn.h-da.de

Darmstadt University of Applied Sciences
Department of Optical Technology and Machine Vision




