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Abstract

Detection of lines in noisy image is not easy. When us-
ing Hough transform, multiple false peaks may be gener-
ated from collinear noisy edge points obtained from edge
detection, and in turn create false line segments. This pa-
per introduced a method based on directional information
to overcome the problem. Directional information is gen-
erated by the anisotropic Gaussian filter and Gabor filter,
and is used to guide the smoothing in edge detection and
peak selection in Hough transform. The experimental re-
sults shows the effectiveness of this method.

1. Introduction

Line detection is a fundamental task in computer vision.
Hough transform is the most well-known method to de-
tect lines [8, 9]. Normally, Hough transform starts from
edge detection based on the local differential property of
the image. Then, the edge map is transformed from image
space into parameter space. Collinear points in the image
spaces correspond to peaks in the parameter space. Thus,
we can restore candidate points for line segments in the im-
age space from these peaks. By analyzing and grouping the
candidate points, we can obtain the final line segments.

The presentation of noises may affect the line detection
in the Hough transform. First, the edge detection is dif-
ficult. In noisy images, edges may not be accurately de-
tected and localized. For example, Canny edge detector [1],
which often provides the best performance in edge detec-
tion, may not find a suitable scale to keep the detail of the
edge information while efficiently remove the noises. Sec-
ond, the noisy edges may generate noisy peaks in the pa-
rameter space. These noisy peaks may be mixed with the
butterfly pattern of transformed line segments, or generate
individual false peaks. Thus, it is difficult to distinguish
true peaks from false peaks, and in turn, prohibits correct
grouping of candidate points into line segments.

Methods have been proposed to solve this problem, for
example, anisotropic filtering in edge detection [10, 6], peak
analysis in Hough transformation [11, 5], and grouping of
directional features [2].

We propose a new method to effectively detect line seg-
ments in noisy images using directional information. First,
anisotropic Gaussian filtering is performed in edge detec-
tion step. Then orientations extracted from Gabor filter is
used in peak analysis. This method has greatly reduce the
influence of noises in line extraction.

2. Anisotropic filtering for edge detection

The purpose of anisotropic filtering is to accurately
detect edges or lines. In isotropic filtering, noises are
smoothed in the same way in all directions. To reduce the
side-effect of noises aside the edge or line, one might want
to take advantage of the directional property of the linear
features. It requires fine tune the filter in the direction of the
lines.

2.1. Anisotropic filtering

A fast anisotropic Gaussian filter has been proposed by
Geusebroek and Smeulders [6]. The oriented filter in two
dimensions is given by the convolution of two Gaussian fil-
ters:
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whereu = x cos θ + y sin θ andv = −x sin θ + y cos θ.
Here,θ is the orientation of the anisotropic Gaussian filter,
x andy are the cartesian coordinates of the image pixels.

To facilitate the computation, the filter is transformed
into image coordinates along thex-direction and t-
direction, as shown in figure 1.
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Figure 1. Anisotropic Gaussian filter.

The transformed filters are:
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wheret = x cosφ + y sin φ. The relationship betweenσx,
σφ andσu, σv, θ is:
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In this way, a 2-D anisotropic Gaussian filter can be
implemented by convolving two 1-D Gaussians in thex-
direction andφ-direction.

2.2. Anisotropic edge detection

The edge detection is performed by Canny edge detec-
tor to generate a binary edge map. However, in the Gaus-
sian smoothing step, the traditional isotropic smoothing is
replaced by anisotropic smoothing introduced above. To
choose the angle in smoothing each pixel, the original im-
age is filtered at 16 orientations. The filtered image takes
the maximum response for each pixel over all filters.

3. Line detection using Hough transform

Hough transform is performed on the edge map to trans-
form thex− y coordinates of edge points intoρ− θ space.

We used the normal parameterization proposed by Duda and
Hart [4] that a line in an image is given by:

ρ = x cos θ + y sin θ (8)

whereρ is the distance of the line to the origin, andθ is the
angle between the normal of the line and thex−axis, and
(x, y) are any point on the line.

In the implementation of the Hough transform, theρ− θ
space is normally quantized into cells. Assume that a line
is mapped to a peak at point(ρ0, θ0), the collinear points
on the line generate a pattern in the parameter space, and is
often mentioned as abutterfly[11]. The analysis on the but-
terfly is supposed to be restricted in a small neighborhood
window(−wρ/2, wρ/2)× (−wθ/2, wθ/2) around the peak
(ρ0, θ0). The peaks in the neighborhood window can be
grouped and removed in sequential peak selection [12].

One problem of this peak selection and grouping strategy
is that noisy edge points may generate noisy peaks in the
parameter space. One example is shown in figure 2 and 3.
Figure 3(b) shows the top 20 lines generated from Hough
transform peaks (figure 3(a)). Due to the noisy edge points
from edge detection (in figure 2(b)), most extracted line are
false positive result. Although we can increase the scale of
the Gaussian filter to further eliminate the noises in the edge
detection, it usually can not remove them completely, and
as a side-effect, may also remove correct line points. The
noisy peaks can not be excluded without further analysis in
the peak selection.

4. Peak selection based on directional informa-
tion

4.1. Estimate local orientation

By analyzing figure 2(b), we find out that the orienta-
tion of the line segment is helpful in peak selection. This
is based on the fact that in peaks mapped from lines, the
collinear edge points that contribute to the peaks tend to
have the same local orientation, while the noisy edge points
don’t. Also, most of the line segments have parallel edges
and similar width, which can be considered as parallel
ridges and valleys with similar frequency. Thus, we can
remove the noisy edges by tuning a bandpass filter to the
appropriate frequency and orientation.

Gabor filter is such a bandpass filter [3]. A 2-D Gabor
filter is a Gaussian envelope modulated by a complex sinu-
soidal carrier, and can be defined as:

g(x, y) = h(x, y)s(x, y) (9)

whereh(x, y) is a Gaussian envelope:
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Figure 2. Anisotropic Gaussian filtering, edge
detection and orientation map. (a) Origi-
nal image, (b) anisotropic edge detection, (c)
isotropic edge detection, (d) orientation map
from Gabor filtering.

ands(x, y) is a sinusoidal carrier:

s(x, y) = exp(−2πi(u0(x− x0) + v0(y − y0))) (11)

Here,(x0, y0) is the peak of the function,(u0, v0) defines
the spatial frequency of the sinusoidal carrier, and(σx, σy)
defines the scale of the Gaussian envelope along thex-axis
andy-axis respectively.

Based on the above definition, an even-symmetric Gabor
filter is given by [7]:
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wheret defines the wavelength of the Gabor filter.
As in Section 2.1 defining the oriented filter, we may

change the orientation of Gabor filter to angleθ, so that

gt,θ(x, y) = gt(x′, y′) (13)

wherex′ = x cos θ + y sin θ andy′ = −x sin θ + y cos θ.
To implement this even-symmetric Gabor filter, we need

to determine parametert, σx, σy, andθ. t is a parameter
related to the frequency of the edges, and is set to 5 empiri-
cally. σx, σy are both set to 3. To determine the local orien-
tation, we setθ to 16 directions between[0, pi), uniformly

(a) (b)

Figure 3. Hough transform. (a) Result of
Hough transform on figure 2(b). The white
squares are the top 20 peaks. (b) Re-
stored line segments correspond to the top
20 peaks.

distributed. The edge map was filtered iteratively on these
directions. The final filtered image takes the maximum re-
sponse for each pixel over all directions. An example of the
orientation map of Figure 2(a) extracted is shown in Figure
2(d). The orientations are displayed in different greylevels.
After the filtering, most of the linear features in the image
are preserved.

4.2. Peak selection and line grouping

The peak selection is a classification procedure by a de-
cision tree. Each node in the decision tree classifies the lines
mapped from a peak in the parameter space on certain fea-
ture. These features include the direction of edge points,
the distances between edge points, the length of each line
segment, and the average length of the line segments in a
line.

The classification goes through the following steps.
First, the peaks in the parameter space are ranked according
to their intensity. The highest peak is selected and collinear
edge points contribute to the peak are restored through in-
verse Hough transform. The average deviation of the di-
rections at these points to the directions of corresponding
points in the orientation map is calculated. If the deviation
is larger than thresholdt1, the peak, along with peaks in
the neighborhood window are removed from the parameter
space. This steps enables the peak suppression and removal
of most line segments composed of noisy edge points. The
second step is the point grouping. When the orientation
condition is satisfied, points closer than thresholdt2 in dis-
tance are grouped together to form line segments. The third
steps exclude short noisy line segments. If the line segment
is shorter than thresholdt3, the line segment is removed.
Finally, the average length of the line segment in a line is
calculated. If it is smaller than thresholdt4, the line is re-
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Figure 4. Line detection results on figure 2(a).
(a) with anisotropic filtering, (b) with isotropic
filtering.

moved. This final step is to remove the noisy lines that have
not been successfully eliminated in the previous steps be-
cause such lines tend to be composed of short line segments.

5. Results and discussion

The image used in the experiment is cropped from an
aerial photo of 5 meter resolution. The size is250 ∗ 250.
The image shows straight trails (the thin lines) goes across
the forest that forms the noisy background. The purpose of
the detection is to find the four thin line segments that form
a rectangle.

The system went through all the steps introduced in
the previous sections. The standard deviations of the
anisotropic Gaussian filter are set toσv = 1 andσu = 3σv.
The parameters of the Hough transform are set to∆ρ = 1
and∆θ = π/180. The thresholds in the peak selection and
line grouping are set tot1 = π/9, t2 = 20, t3 = 30 and
t4 = 40, respectively.

The final result of the line detection is shown in figure
4(a). The starting and ending points of the lines are marked
by crosses. The results show that all these lines are detected
successfully. Figure 4(b) shows the result when isotropic
filtering is used instead of anisotropic filtering in the edge
detection step. One line is missing in this case. This is
due to the high deviation of line points direction to the di-
rection of the corresponding points in the orientation map.
When noise is presented in the image, isotropic filtering
can not completely preserve the directional information on
edges and lines. However, anisotropic filtering method al-
lows high spatial and angular accuracy in the computation.
Comparing figure 2(b) and 2(c) with 3(a), we find that the
orientation extracted from Gabor filter matches better to the
edges directions from anisotropic filtering than those from
isotropic filtering.

6. Conclusion

We have presented a line detection method based on di-
rectional information and Hough transform. The directional
information is extracted and utilized in two stages. First,
anisotropic filtering is used in the edge detection step. Each
pixel in the image is smoothed according to their local di-
rections extracted from an anisotropic Gaussian filter. Sec-
ond, after the Hough transform, the peak selection and line
segments grouping is guided by the directional information
extracted from Gabor filter. This method can successfully
extract lines in noisy images.
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