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Introduction
The identification of a dominant direction in images of natural textures is a common problem,
for example to assess the strength and quality for fibres in textiles or polymers in plastics.
Although these are essentially made-up of linear structures the aim is to describe the distribution
of directions rather than identifying individual lines. The Hough transform is a method for
extracting features of a particular shape within an image. The original Hough transform is
most commonly used for the detection of curves such as lines, curves, circles, etc. Here the
Hough transform for line detection is considered. The Hough transform converts the problem
of detecting a global feature in the image into a local problem in the Hough space. Good
introductions can be found in Illingworth and Kittler (1988) and Leavers (1993).
This paper considers a modified Hough transform based on the actual pixel intensities rather
than the usual form in terms of counts from a thresholded image. The directional distribution
is then obtained from the Hough transform. The principle modes of this distribution define
the dominant directions, and the spread of the peaks in the distribution quantify the degree of
dominance. Illustrative examples, using both simulated and real images, will be given covering
a range of simple and complex structures.

Method and illustrative example
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Figure 1(a) shows a noisy image
of an X-shaped feature. Each pixel in the image is represented

by Cartesian
coordinate,
,
and corresponding polar-type coordinate,
. These are
  
related by
(Duda and Hart 1972), where is the perpendicular
distance

from the origin
to a line and is the
orientation of the line with respect to the -axis. Notice
!"
#$!
that any
points that share a
representation fall on a straight line. In practice the
Hough space is discretized into
small intervals, called accumulator cells. As each pixel in the
 
its absolute intensity is added to the appropriate accumulator
image is transformed into
cell. Figure 1(b) shows the Hough transform of the simulated data image.
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Figure 1: (a) Simulated data, (b) accumulator cells of the modified Hough transform, (c)
reconstruction of principle lines, and (d) directional distribution
Peaks in the accumulator cell array represent strong evidence that a corresponding straight
#%
line
exists
in
the
image.
In
Figure
1(b),
there
are
substantial
peaks
at,
approximately,
/
&  ')(+*-,.
& !0213(+*-,4
and
. These are easily identified and isolated by eye, but to
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automatically locate such peaks in Hough space the following procedure is proposed. First, the
Hough transform is median smoothed to remove the influence of noise in the image. Then all
cell entries below the  -percentile are removed - this usually leaves small groups of high pixels.
Groups of pixels are finally shrunk to single points. Mapping back from Hough transform space
into Cartesian image space yields the lines as shown in Figure 1(c). These correspond well to
true linear features in the simulated image.
In many examples identifying lines is not the aim, but instead a dominant direction, or the
distribution of directions is required, for example to use as a prior in a follow-on Bayesian
analysis. Figure 1(d) shows the marginal distribution of the angular component of the Hough
transform derived from Figure 1(b). The angles corresponding to the highest peaks represent
the dominant directions. Again, a simple algorithm is used to identify the important peaks using
median smoothing, thresholding and shrinkage.

Application to real texture data

y

y

y

The three different texture images of paving, zebra and mesh netting, shown in Figure 2, will
be used to test the proposed method for locating linear features and dominant directions.
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Figure 2: Natural texture images of paving, zebra, and netting
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