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Straight line extraction algorithm by Hough transform
combining edge grouping
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Abstract: This paper analyzes and discusses the main problems of line detection and extraction by traditional Hough transform in
detail. Thus it proposes an algorithm of straight line extraction by Hough transform combining edge grouping. This algorithm first
adopts an edge tracking based on eight-neighborhood to group the detected edge points by Canny operator. It then separately p
erforms the Hough transform to each edge group obtained by grouping and individually determines the origin of the Hough trans—
form and the range of parameter. This algorithm uses the iterative vote scheme to determine the single peak and the corresponding
points to be deleted. The experimental results prove that the proposed algorithm is simple in principle and can effectively solve
problems in the traditional Hough transform such as low precision and complex computation. The proposed algorithm has robust—
ness can process different content images and is suitable for parallel processing.
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1 INTRODUCTION ( Atiquzzaman 1992; Xu 2007; Xu
al. 2012).

Hough transform was proposed by Hough (1962) and is acquired certain a chievements the algorithm is still complex.

widely applied for straight line extraction and edge detection.
This algorithm has many advantages such as ease of geometrical
analysis insensitive to noise robust and able to deal with local
occlusion and cover. However traditional Hough transform also
has many problems when it is directly used for extracting lines
from image. These problems include discretization parameters
that can lead to inaccurate results the distribution effect can
easily cause false line an accumulator peak in the parameter a—
pace is difficult to detect endpoints and length of a line segment
are easily lost in the process of the transform the ¢ omputation
complexity and the space complexity are relatively high and its
speed is low especially for large images. The related improve—

ments of the algorithm include the following: randomized Hough

transform ( Xu et al. 1990) adaptive fuzzy Hough transform
(Tang et al. 2004) the method of double thresholds ( Han
et al. 2004; Zuo et al. 2012) cluster grouping method
(Yuan et al. 2005; Zhu et al. 2009; Duan et al.
2010) gradient fractions look-up table method ( Teng et al.
2008) p re-estimated parameter ( Bonic et al. 2005) weight

matrix ( Gao et al. 2000) and multiscale Hough transform

First this paper a nalyzes the problem of straight line extraction
within the traditional Hough transform in detail which can be di-
vided into c ertainty and uncertainty problems. Second this pa—
per improves the Hough transform for straight line extraction by
combining edge grouping to solve the problems.

2 DESCRIPTION OF PROBLEMS
2.1 Certainty problem

(1) Probability Event. Hough transform is a straight line d
etection algorithm in a strict mathematical sense. However the
correction of detected lines from an image by Hough transform
belongs to a probability event because mapping a point from the
image space to the parameter space is one-to-many. If the num-
ber of the quantization level § in parameter space is M then
mapping a point from the image space to the parameter space will
separately fall on the M accumulators. This scenario means that
image points corresponding to the accumulator ( cell) peak will
also fall on other accumulators and these points join with other

discrete points ( edge points or noise points) and vote to generate

Received: 2013-05-24; Accepted: 2013-40-15; Version of record first published: 20131022

Foundation: National Basic Research Program ( 973 Program) ( No. 2010CB731801) ; National Natural Science Foundation of China ( No. 41101452
41201454) ; Open Research Fund Program of the State Key Laboratory of Information Engineering in Surveying Mapping and Remote Sensing of Wuhan University
( No. 11102) ; Research Fund for the Doctoral of Higher Education of China ( No.20112121120003)

First author biography: WANG Jingxue ( 1981— ) female Lecturer. Her research interest is image matching as well as three-dimensional reconstruc—

tion. E-mail: x iaoxuel861@ 163. com



WANG Jingxue et al.: Straight line extraction algorithm by Hough transform combining edge grouping 379

another pseudo-peak. The corresponding line to this peak is
pseudo-ine. As shown in Fig. 1( a) peak cell 2 is pseudo-peak
that is composed of a subset of the edge points on the ¢
orresponding line to peak cell 1 and other edge points. This s
ituation usually happens in the vicinity of the local peak cell.

When the cell position is closer to local peak cell both cell val-
ues are also closer and vice versa. As a result the cell value of
the local peak is difficult to distinguish from its neighbors cell
values making the detection of the correct peak difficult as well
( Xu 2007) . When noises are observed in the image the prob—
ability of the false peak will increase and the increase will also
lead to the increase in the probability of detecting pseudoines.

(2) Over zero—learing. Most of the existing methods use
the zero—clearing strategy to avoid generating the above false peak
in the neighborhood range of the local peak cells. First it re—
codes the local peak cell coordinate in parameter space and
then sets the value of the peak cell and its certain neighborhood
cells to zero. The zero-eleaning process can decrease the false
peak p henomena to a certain extent but it also generates a new
problem. If two adjacent lines in the image space exist the peak
position of the parameter space corresponding to the two lines is
also close. The zero-eleaning process can clear a peak cell that
corresponds to one of the two straight lines. As a result over ze—
ro—clearing will undoubtedly miss straight lines in the image
space.

(3) The absolute horizontal and vertical lines. In Hough
transform the value of # can be takenin 0 @ or -mw/2 &
/2 . Forthe 0
erate a double peak value symmetrically locate the position of 0
-w/2 w2
the absolute horizontal lines will generate a double peak value s

case the absolute vertical lines will gen—
and 7 and the value of p is the opposite. For

ymmetrically locate the position of — /2 and /2 and the val-
ue of p is the opposite.

(4) Determine the endpoints and length of a straight line.
Hough transform detects straight lines in the image space but

does not determine their endpoint and lengths.
2.2 Uncertainty problem

(1) The quantization interval in the parameter space. The
quantization interval of a parameter space directly determines the
accuracy and computational speed of the Hough transform. When
the quantization interval is large the aggregation effect in the
parameter space is poor line positioning is not accurate and a
certain number of lines cannot be detected. A small quantization
interval will increase computation complexity and storage space
and the detected lines will appear as a staggered phenomenon as
shown in Fig. 1( b)

lines.

which is more serious for longer oblique

(2) Over-connecting. Traditional Hough transform uses bi—
nary edge image for global transform. One disadvantage of this
algorithm lies in its heavy calculating burden and low computing
speed. It will generate over-connecting lines and pseudo-ines
and the threshold of peak detection is difficult to control. Over—
connecting lines caused by traditional Hough transform includes
three cases: ( Case 1) edge points from the edges of different o
bjects or different lines of the same object are identified as a
straight line as shown in Fig. 1( ¢); ( Case 2) other points

such as noise points and/or points from other lines are consid—

ered as edge points for a straight line as shown in Fig. 1( d) ;
( Case 3) non-edge points are detected as a straight line as
shown in F ig. 1(e). Aiming at the over-connecting problem

existing solutions are mostly based on sub—egional Hough trans—
form. First this method divides an image into non-everlapping
sub-images and then extracts straight lines by Hough transform
from the s ub-images. This method cannot completely eliminate
the over—connecting phenomenon and also makes detecting the
lines located on the boundary of two blocks or across two blocks d
ifficult. Xu etal. (2007) kept the 10% overlap between adja—
cent image blocks divided to solve the problem but it increases
the amount of calculation for line connecting in sequence. O
ver-connecting and pseudoines can usually be avoided by s
etting the minimum distance of the line connection and the m
inimum length of the straight line by double thresholds. For the
global image Hough transform or rule sub—regional Hough trans—
form the double thresholds scheme still cannot solve this prob—

lem completely.
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Fig. 1  Problems of straight line extraction by Hough transform

3 HOUGH TRANSFORM STRAIGHT LINE E
XTRACTION ALGORITHM COMBINING
EDGE GROUPING

For the certainty and uncertainty problem of detected
straight lines by Hough transform this paper proposes an algo—
rithm of straight line extraction by Hough transform combining

edge grouping. The flow chart of the proposed algorithm is shown
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in Fig. 2. The algorithm includes three steps: to detect the edge
1986)
based on the eight-neighborhood tracking method and to extract

by Canny operator ( Canny to group the edge pixels

the straight lines from each edge group by improved Hough trans—
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Fig.2 Flow chart of the proposed algorithm

3.1 Edge grouping

In order to speed up the algorithm avoid over-connections
and false lines caused by global Hough transform this paper a
dopts the improved eight-neighborhood edge tracking method
which obtains several sets of independent unconnected edges to
group the detected edge pixels. Only the coherence among points
in the tracking process rather than restrict the edge direction
and the tracking priority are considered. The procedure of the
method is as below.

Step 1  Search the initial pixel (x y),. From top to bot—
tom and from left to right consider the first edge pixel scanned
as the i nitial pixel. Establish the edge group EdgeGroup, =
{(x ).} where m( m=1) and i are the indexes of edges and

edge—points respectively.

Step 2 Consider the initial pixel as the current point. At
the same time set its pixel value to zero in the binary edge im—
age and detect the presence of edge points in its eight-neighbor—
hood. If no edge points are detected return to Step 1 to look for
the new initial pixel. If so generate the empty temporary pixel
group NewPtGroup.

Step 3  Update the edge group. Successively add the edge
points in the eight-neighborhood of the current point to the edge
group EdgeGroup, ={(x y), (x )., (% 9) it
Set their pixel values in the binary edge image to zero to avoid
being scanned in the following step. Update the temporary pixel

)i (% y)i o (=
¥) i+.y which records the newly added pixels.

group NewPtGroup = {( «x

Step 4  Set the last point in the temporary pixel group to
the current point search the eight-neighborhood of the current
point to find new edge points and then delete the current point
in the temporary pixel group. Update the temporary pixel group
NewPtGroup ={(x y) .., (x ¥),. (% 9)iwua}. I
edge points in the eight-neighborhood of the current point exist
return to Step 3. Otherwise continue the above procedure until
the temporary pixel group is empty.

Step 5 Repeat Step 1 to Step 4 until not finding an initial
pixel after the image scanning is completed.

Finally delete the independent pixels and the short edges
that is the groups in which the total number of pixels is smaller
than the threshold 7). The deleted pixels do not participate in

the subsequent Hough transform.
3.2 Straight line extraction by Hough transform

Hough transform will be executed on each edge group to ex—
tract straight lines.

(1) For each edge group determine the origin of the
Hough transform and the range of the p value. Assume that G,, =
{G.(x y;) li=1 2 -+ n} is the m+h edge group that consists
of connected edge points and the number of edge points is n. In
Fig.3 the curve corresponding to the edge group is obtained by

edge tracking. First calculate the minimum «,, and y,, for

all points in the edge group that is x,, = min{x, x, *** %,
and y,,, =min{y, y, -+ y,}. Take (x,, =2 y.. —2) as the
origin of the Hough transform of the edge group. The correspond—
ing pixel coordinates are updated as G, ={ G, (x, y,) li=1 2
-2) and y; =y, = (¥, —=2) . Sec—

ond calculate the maximum x value and the maximum y value of

- n}  where x, =x, - (x,,

all points in the edge group in the new coordinate origin. These

values are r ecorded as x,, =max{x, x, - x,} and y,, =max
{r »n - wn}

the Hough transform domain are widih = x

respectively. Thus the width and the height of

+2 and height =,

max

+2 respectively. The range of p is — +/width® + height’ <p<
Vwidth® + height’ . The range of 6 is O to 7. The quantization i
nterval in the parameter space setting is set at Ap =1 Af =
arctan( 1 /max( width height) ) ( Mirmehdi et al. 1991).

(2) To perform Hough transform for each edge group s
uccessively. This is an iterative procedure. Take an edge as an
example. First transform each point in an edge group into a
curve in the parameter space by polar coordinate equation then

obtain an accumulator matrix in the parameter space by voting.
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Second detect the peak on the accumulator matrix then select
the largest peak or one of the largest global peaks in case of mul-
tiple largest peaks. If the peak value is larger than 7| record
this peak coordinate in the parameter space as (r ¢) where r
and ¢ correspond to the values of p and 6 and these points in the
edge group corresponding to this peak. At the same time these
points will be deleted from the edge group and not take part in
the Hough transform afterwards. Judge the number of points
within the edge group. If the number is more than T, perform
the Hough transform for the rest points in the edge group until the
maximum peak of the accumulator matrix or the number of the
points in the edge group becomes less than T .

Initial origin

H — — — — — = X

New origin for local coordinate system

nt”

. o
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_

Fig.3  Origin of the Hough transform and the
range of p for the edge group

(3) Lines connecting. Compare the peak coordinates ( r
¢) from the lines extracted by the Hough transform from the sin—
¢le edge group. The points corresponding to two peaks (r, c¢;)
which simultaneously satisfy two conditions |r; —
(1) =p(r) | =Ap and 6( )

- 0(¢;) =0 are regarded as located on the same line.

and (1; «¢)

r;l =1 and ¢, —¢; =0 that is

(4) Separation of over-connecting lines. In practice a
straight line detected by the Hough transform may still be two or
more lines which is the so-called over-connecting problem. The
edge grouping strategy can solve the last two cases mentioned in
subsection 2. 2 but its first case is still an open problem.
Hence further separating an over-connecting line into edge lines
1S necessary.

First order the points in a group corresponding to a line a
ccording to its slope. If the absolute value of the slope is less
than 1/2 the order of the points is based on their X coordinates.
On the contrary if the absolute value of the slope is larger than
or equal to 1/2 the order of the points is based on their Y coor—
dinates. Compute the distance d between the adjacent points. If
d is less than or equal to T, then the two adjacent points belong
to the same line. Otherwise the two points will be considered as
the endpoints of two straight lines and split the group. Judge the
number of points in each straight line obtained by the split. If the
number is less than the threshold T, the straight line is deleted.

(5) Fit the line by the least square method then determine
the endpoints. Straight lines can be extracted after performing
the above steps and each of these lines corresponds to a set of
points. The line parameters are obtained by fitting these points u
sing the least square scheme. The first and the last points in the

group are also the endpoints of the line.

4 EXPERIMENTAL RESULTS AND DISCUSSION

Testing is performed with both the synthetic and aerial digit—
al images to verify the reliability and efficiency of the straight
line extraction algorithm. Fig. 4( a) shows the synthetic image
with a size of 367 x 397 pixels and uniform background. Fig.5
(a) gives the aerial image of a pentagon with a size of 4 81 x
489 pixels and with complex object edges. First traditional
Hough transform and the proposed algorithm are e xecuted on
both images and the line detection results are ¢ ompared. Sec—
ond the proposed algorithm is used for the aerial image ( Fig. 6
(a)) and the picture ( Fig. 7)
hidden rich information about the edges and the curve edges.

T, =8

each with complex background

The proposed algorithm parameters are set as T, =15

and T =5 in the experiment.

(#) Testing image (b) Edge detection results

4

/

(¢) Tradional Hough transform (d) Proposed algorithm

Fig.4 Lines extracted from the synthetic image by two

Hough transform algorithms

(b) Edge detection results

(¢) Overlay extraction lines
and testing image

(d) Part of the edge grouping results
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Fig.5 Straight line extraction results by two

Hough transform algorithms

1 iy
(b) Extracted lines superimposed on the test image
Fig. 6 Straight line extraction results from the digital

aerial image utilizing the proposed algorithm

Fig.7 Line extraction results by the proposed algorithm

Experiment 1 First Canny operator is used for the edge
e xtraction from the image in Fig.4( a) and the result is shown

in Fig. 4('b) .

Second use the traditional Hough transform algo—

rithm and the proposed algorithm for straight line extraction from
the binary edge image. Fig.4( ¢) and Fig.4( d) show the results
of the operations. Traditional Hough transform extracts 11 lines
with @ in - w/2 =/2

pletely overlapping with each other exist. Given the repeated vot—

in which two horizontal lines com—

ing a short straight line is e ntirely within the line. Considering
that the accumulator near a peak is zero—cleared only one of the
edges in the double-edge lines is detected. Edge grouping of the
above binary edge image results in one edge group and 12 lines
are extracted on the edge group by the Hough transform proposed
in this paper. The e xtracted lines match the edge points com—
pletely and have better connectivity. The running time is almost
the same as that of the traditional Hough transform.

Experiment 2  First extract edges from Fig. 5( a) by

Canny operator. The resulting binary edge image is shown in

Fig.5( b) . Traditional Hough transform is used for the line ex—
traction in Fig. 5(b) and the results are shown in Fig.5(¢) . In
Fig. 5(c¢) 168 straight lines were extracted and the running

time was 85 s. G iven the simple background and fewer lines in
Experiment 1  most of the lines extracted by the traditional
Hough transform are correct. However the problems mentioned
in Section 2 (e. g. the over-connecting problem) exist in the
global Hough transform on the complex background image in this
experiment. The proposed algorithm first adopts the eight-neigh—
borhood edge tracking method to group the detected edge pixels.
Approximately 286 edge groups were obtained. The eight edge
groups which include the largest number of edge points are i
llustrated in d ifferent colors in Fig. 5( d) . Then extract straight
lines for each edge group using the improved Hough transform al—
gorithm. The extracted straight lines are shown in Fig. 5( e) and
overlaid on the testing image ( Fig. 5(f) ) . The results show that
the proposed algorithm can extract straight lines efficiently even
for images with complex backgrounds.

Experiment 3 The digital aerial image with a size of 1800
x 1800 from the ISPRS website was used to validate the cor—
rectness of the proposed algorithm. The number of edge groups
obtained by edge tracking is 4568 and the lines extracted from
these groups are 2632 ( Fig. 6( a) ) .

extracted lines are superimposed on the test image ( Fig. 6( b)) .

For visual evaluation the

As a result the outlines of the objects such as building roofs and
road edges can be detected are clear and continuous and with
only small details lost. In the vegetation area some edges corre—
sponding to non-manmade objects are detected as lines. Al-
though they are not considered as useful edges in future p
rocessing the extracted results are still correct.

Experiment 4 The proposed algorithm is applied to the 1
mage with curved edges. The extracted straight lines are overlaid
on the testing image as shown in Fig. 7. This algorithm can
smoothly fit the curve edges utilizing the extracted lines.

Table 1 shows the number of extracted lines running time
number of false lines and extraction accuracy by the proposed
algorithm in the four experiments. Experimental results show that
the proposed algorithm can effectively detect straight lines and
curve edges in the images. The algorithm is also suitable for d
ifferent types of image data and has linear computation ¢

omplexity depending on the size and content of image.
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Table 1 Accuracy and running time of straight line extraction

Number of . Number of Extraction
Time /s
extracted lines false lines accuracy /%
Experiment 1 12 0.81 0 100
Experiment 2 476 42 5 98.9
Experiment 3 2632 107 39 98.5
Experiment 4 1216 73 9 99.2

5 CONCLUSIONS

This paper aims to solve the problems in the traditional
Hough transform when it is used for straight line extraction. It
proposes an improved straight line extraction algorithm combining
edge grouping and the Hough transform. This algorithm has the
following advantages.

(1) The edge grouping ensures the continuity of extracted
straight lines solves the over-connecting problems and im-—
proves the efficiency of edge extraction.

(2) By deleting the short edge groups the effects of inde—
pendent pixels or short edge groups on the straight line extraction
are not only eliminated but the running time and storage space
can also be decreased.

(3) Individually determines the origin of the local Hough
transform and the range of p for each edge group which greatly
decreases computation complexity and enhances the reliability of
line extraction.

(4) Considering the use of the iterative vote scheme to d
etermine the single peak and the corresponding points to be d
eleted in process of the Hough transform the proposed algorithm
can effectively avoid false peaks and over zero-elearing caused by
multiple voting.

Through theoretical analysis and experimental verification
the results demonstrate that the proposed algorithm is simple in
principle insensitive to noise and reliable for straight line e
xtraction. The proposed algorithm can build a solid foundation
for processes such as image matching camera calibration and

three-dimensional reconstruction.
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