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Abstract 
Hough Transform is a sound method for detecting straight lines in digital 

images. Considering an image with lattice structure, we modify the procedure in 
detecting straight lines using Hough Transform. We propose a Principal Axis 
Analysis Method to speed up the extraction of straight lines and increase the 
accuracy of the detected lines. We first transfer the parameters to a one-
dimensional angle-count histogram, and then analyze the dominated distribution 
of image features. In peak detection, the searching priority is set according to the 
principal axis. Experimental results indicate that the accuracy and the efficiency 
for all of the cases are improved. The efficiency is better improved when the 
objects in an image are with more regularity. 

 
Keywords: Hough Transform, Straight Lines Detection, Principal Axis Analysis 
Method. 

1. Introduction 
Straight lines are important features in aerial images for urban areas and in 

close-range scenes. The extraction of linear features is an important task in digital 
photogrammetry. It includes (1) the detection of buildings from aerial photos 
(Nevatia & Babu, 1980; Huertas & Nevatia, 1988), (2) the reconstruction of a 3-D 
city model using aerial stereo-pairs (Henricsson, 1997; Fischer, et al., 1998; Cord 
& Declercq, 2001), (3) the mapping of urban areas (Couloigner & Ranchin, 2000), 
and (4) the decision-making processes in the Geographic Information Systems 
(GIS) of urban areas (Liu, et al., 1999). Extraction of linear feature is also 
important when close-range scenes are analyzed (Chang & Aggarwal, 1997; Chen 
& Huang, 1990).  

Hough (1962) developed a transformation algorithm for recognizing 
complex patterns in an image. It is reported (Illingworth & Kittler, 1988) that 
Hough Transform performs well in line detection, especially for an object that is 
incompletely delineated or contaminated by noise. The concept of Hough 
Transform is to transfer an object from image space to parameter space using 
suitable mathematic functions. Those functions should be able to describe the 
geometric properties of an object, such as straight-lines, circles, ellipses, etc. Due 
to their distinctness, usefulness and generality for object reconstruction, straight 
lines will be considered in this investigation. 

According to the Hough Transform, each point of interest is transformed to a 
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sinusoidal curve in the angle-distance parameter space. If a group of points 
belong to a straight-line in an image, their corresponding sinusoidal curves will be 
intersected at a point in the parameter space. In order to detect the intersection 
point in the parameter space, a two-dimensional accumulative array is necessary. 
When two sinusoidal curves intersect at a point, the counting value in the 
accumulative array is increased by one. The detection of straight-line in an image 
space is changed to detect peaks in the parameter space. 

The most commonly used method for peak detection is to search the 
maximum accumulation in the parameter space. One limitation of Hough 
Transform is that when the number of lines increases, the correlated error around 
the peak in the parameter space could increase ambiguities for line detection 
(Leavers, 1992). An improper choice of local maximum in the parameter space 
could provide incorrect answers that make a straight-line broken. O’Gorman & 
Sanderson (1984) reported a “Converging Square Algorithm” to detect the peak 
using the concept of coarse-to-fine to dissolve hypercube shape region as a peak. 
This algorithm is efficient and was found eight to ten times faster than some 
common methods for peak detection. To improve the accuracy, Leavers & Boyce 
(1987) suggested a method to enhance the peaks by filtering the accumulative 
array. 

Feature extraction is the major task in pattern recognition. Most of the 
feature extraction procedures include (1) noise reduction, (2) edge detection, and 
(3) edge thinning. In order to suppress the noise and to preserve edge contrast, an 
edge preserving and noise reduction filter proposed by Harwood et al. (1987) will 
be used in this investigation. The edges, which are recognized as the high contrast 
variation pixels, of an object are the main features to be extracted. Considering 
the image content is variant from place to place, we choose the Multi-Resolution 
Edge Detection (MRED) algorithm, proposed by Park et al. (1995), to detect 
edges. The results of the MRED algorithm are the edge magnitudes. Thus, a 
further tracing of the local maximum is necessary for thinning. After the thinning 
process, those edge points are to be analyzed for selecting straight lines.  

Two kinds of images with high generality in digital photogrammetry are to 
be investigated in terms of accuracy and efficiency. The first one is a set of aerial 
photos, which contain rectangular buildings. Another one includes close-range 
scenes. For pattern recognition using aerial photos, the major targets of interest 
are the buildings and the roads. Most of those objects have a common geometric 
primitive that is the straight lines. A rectangular building, for instance, has 
perpendicular structure with two rectilinear axes. The perpendicularity is even 
more obvious for an urban area with lattice-aligned layouts. Those two 
perpendicular axes have the most dominant contexture and may be treated as two 
major principal axes. Concerning the efficiency and accuracy, we propose a 
Principal Axis Analysis Method to detect the straight lines for rectangular 
buildings. We set the searching priority according to the principal axis and its 
perpendicular one. 

In close-range scenes, on the other hand, objects may have linear structure 
too, but may not be with rectangularity. The searching priority is set according to 
the dominated distribution.  
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2. Feature Extraction 
Detection of straight lines in an image deals with the extraction of object 

edges. A filtering procedure is necessary in order to reduce the influence of noise 
before edge detection. In the computation of edge magnitude, multi-resolution in 
the space scale is preferable. The edge map is generated in such a way that the 
local maximum should be traced in the edge magnitude image. 

1.1 Edge Preserving and Noise Reduction Filter 
Corners and outlines of buildings are the main features of interest in a digital 

aerial photo. In order to reduce the noise while preserving the edge information 
along the building outlines, the Symmetric Nearest Neighbor Mean Filter (SNN-
Mean Filter) used in the investigation was proposed by Harwood et al.(1987). As 
illustrated in figure 1, a 5x5 moving-window constructs 12 pairs of symmetric 
pixels. For each symmetric pixel-pair, the pixel with closer gray value with 
respect to the central pixel is selected. The gray value of the central pixel is then 
replaced by the average of those selected 12 gray values. For the purpose of 
preserving the contrast of building corners, we modify the filter by averaging the 
closest 6 gray values only, rather than the 12 values. That means we only use the 
most representative “half”, instead of the whole. After a number of tests, it is 
found that the contrast around building corners remains better when the 
modification is applied. 

 

Figure 1. Illustration of SNN-Mean Filer. 

1.2 Multi-Resolution Edge Detector (MRED) 
Edge detection is almost indispensable for feature extraction in the field of 

computer vision and pattern recognition. For digital aerial photography, the 
variance of gray values changes everywhere. Considering the local characteristics 
for those variances, multi-resolution approaches are favorable. The MRED 
algorithm, proposed by Park et al. (1995), are used in the investigation. An image 
was first divided into several regions, using coarse-to-fine scheme, each with 
similar local variance. A Derivation of Gaussian (DROG) convolution mask is 
used to calculate the edge magnitude. Considering the nature of multi-scale in an 
image, the size of the mask changes according to the local variance. That means a 
larger scale factor (σ) with a larger window size is applied at the homogeneous 
region. On the other hand, a smaller scale factor (σ) with a smaller window size is 
applied for an edge region. Consequently, the smoothing effect at the 
homogenous region is greater than an edge region. 

Edge Location 

Symmetric Pixels Pair 
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A DROG convolution mask may be decomposed into two two-dimensional 
directional kernels for higher computation efficiency. One is in x-direction (Hx) 
and another one is in y-direction (Hy), as denoted in equation 1 and 2. The edge 
magnitudes for each direction (Gx, Gy) are then calculated by convoluting the 
original image (F) with DROG kernels. Referring to equation 3, the edge 
magnitude (G) is the root sum of the two convolutions. 

1.3 Local Maximum Tracing  
The result of MRED is in raster form, where its gray value represents the 

edge magnitude. High magnitude means that the contrast is large around a certain 
ground feature. Assuming that an edge has the maximum magnitude in a local 
area, we propose here an algorithm to determine the edge position. 

Referring to figure 2, a 3x3 window may be represented by four symmetric 
pixel-pairs. If the central pixel has a value larger than two symmetric pixels-pairs, 
we consider the central pixel as a local maximum. If a point is a local maximum 
and its magnitude is greater than a threshold, H1, we will treat it as a seed point. 
The seed point is searched row by row. Starting from a seed point, we will have at 
most eight directions to trace. For each direction, we compare the edge 
magnitudes with its two neighbors. If its magnitude is larger than its two 
neighbors, this point is a candidate. This candidate could be on an isolated edge 
or a junction point (sometimes called a “branch” point) of two edges. Referring to 
figure 2, if the magnitude of pixel 7 is greater than pixel 6 and 8, then point “7” is 
treated as a candidate. A seed point can only be traced at 4 or less branch points. 
In case that a tracing is begun from a previous candidate, there are at most 3 
branch points for tracing. 

A tracing stops when a minimum edge magnitude, threshold H2, is 
encountered or an extracted edge point is met. The successive tracings start from 
the previously stored branch points, or from another seed point. 
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Figure 2. A 3x3 moving-window for local maximum tracing. 

3. Straight Lines Detection 
3.1 Hough Transform and Straight Lines Detection 

As shown in figure 3, we use the normal angle (θ) and normal distance (ρ) to 
describe the function of a line (Duda & Hart, 1972) . The mathematics of Hough 
Transform is described by equation 4. 

)4...(..............................sincos θθρ yx +=  

The image space is in Cartesian coordinate system, which is described by (x, 
y). On the other hand, the parameter space is defined by normal angle (θ) and 
distance (ρ). The value of θ ranges from 1° to 180°, while the value of ρ ranges 
from 0 to the diagonal distance of the processed image. Thus, one point in the 
image space can be transformed into a sinusoidal curve in the parameter space. 
When a group of points belong to the same line in an image, those sinusoidal 
curves in the parameter space will intersect at a point. In order to detect the 
intersected position in the parameter space, a quantization process is necessary. 
The quantization is done in a discrete way that one has to specify the interval of 
those two parameters, i.e. ∆θ and ∆ρ. We can then construct an accumulative 
array (A) to count for the intersecting behavior. An element with a large value in 

the array means that many sinusoidal curves come to intersect. The sinusoidal 
curves are constructed by varying θ from 1° to 180° with interval ∆θ, and then the 
value of ρs are calculated using equation 4. After calculation of each ρ, the 
position of accumulative array, A(θ, ρ), is then determined. Thus, the counting 
value of the array is increased by one. For a group of feature points that belong to 
a straight-line, their corresponding sinusoidal curves will be intersected at the 

ρ

Figure 3. Definition of line parameter. 
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same cell and accumulated as a peak. The detection of straight lines in an image 
becomes the localization for peaks in the parameter space.  

Based on Hough Transform, Risse (1989) proposed an Adaptive Cluster 
Detection (ACD) algorithm to detect straight lines. The method is briefly 
described as follows: (1) All feature points are transferred using Hough Transform 
and an accumulative array is constructed. (2) Search for the location of the 
maximum accumulation, i.e., A(θ, ρ)max. (3) Determine the candidate points that 
contribute to the peak A(θ, ρ)max. (4) Analyze the continuity for those candidate 
points to construct a line segment and to determine its two terminal positions. (5) 
Remove those candidate points’ contribution from the parameter space by an 
additional Hough Transform, but decrease the count in the accumulative array. (6) 
Proceed with the above procedures until the value in accumulative arrays are 
smaller than a predefined threshold. The threshold is selected according to the 
minimum number of points along a line segment. 

3.2 Principal Axis Analysis Method (PAAM) and Searching Priority 
Considering the regular aligned linear structures in aerial images and close-

range scenes, we propose a modification for the ACD algorithm. Because of the 
limited resolution for quantization in the parameter space, the spreading effects 
around the exact peak location always exist. This could cause ambiguity in peak 
detection. In order to cope with the spreading effects that the ACD algorithms 
encounter, we set the searching priority for peak detection according to the 
principal axis. Another advantage of the proposed PAAM scheme is that the 
computation time could be significantly reduced when a scene with regular 
structure is treated. 

The essence of the PAAM scheme is to determine the dominant distribution 
in the parameter space. The dominant distribution is determined by the following 
procedures. 

1. Select a threshold for the counting values in the accumulative array. 
2. Keep those cells with counts greater than the threshold. 
3. Construct an angle-count histogram using θ as the horizontal axis. The 

vertical axis is for the occurrence that represents the summation of 
counting numbers for each cell of the array with the same θ value. 

4. The elements of the array are then sorted according to the occurrences in 
the histogram. The procedure is essential to rank the peaks in the 
histogram. The range of the counting angles is 180°, i.e. from 1° to 180°. 
Thus, we call the histogram a “180° Histogram”, H(θ)180. The first peak 
represents the first principal axis in the image space. The remaining peaks 
are ranked accordingly. 

5. For an image with lattice-oriented structures, orthogonal feature lines 
appear pair by pair. Thus, as a result from the previous step, we will 
always determine two peaks with 90° difference. If we divided the 
histogram by two, i.e., one ranges from 1° to 90°, another one ranges from 
91° to 180°, then a superimposition of those two parts will enhance the 
behavior of the orthogonality. The superimposition is done in such a way 
that the histogram counts from 91° to 180° are added to the first part, i.e. 
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1° to 90°. We, thus, propose a treatment of the histogram, which is called a 
“90° Histogram”, H(θ)90. For an image covering urban areas, one will 
find that the first peak in the “180° Histogram” represents the straight 
lines that are perpendicular to the second peak in the same histogram. 
Therefore, a peak in the “90° Histogram” will have two possible 
orthogonal directions. This divide-and-merge step enhances the distinction 
of the peaks. 

The proposed scheme using “90° Histogram” is effective when image 
straight lines are with orthogonality. This is often true for aerial images 
covering an urban area. The effectiveness for a close-range scene, on the 
other hand, will depend on the regularity of image features. 

The searching priority for peak detection is set according to the 
sequence of the angle (θPA) majority. A lot of parallel lines may be 
represented by a θPA with different ρs. With the same θPA, the cell with the 
maximum value is chosen as the peak, A(θPA,ρ)max, for further straight 
lines detection. After detection of the first peak, the remaining points are 
processed in a same manner.  

4. Case Study 
Three aerial photos and two close-range scenes are tested to evaluate the 

proposed PAAM scheme. The tested aerial photos include plenty of rectangular 
buildings. The close-range scenes are full of linear features without 
perpendicularity. The computational efficiency with respect to different feature 
alignments and accuracy analysis are the two major parts in the tests. Although 
every image in the test went through every processing step, only one case is fully 
represented. That means only one image is used to demonstrate the procedural 
steps including smoothing, calculation for edge magnitudes, thinning, histogram 
representation, and the principal axis analysis. The purpose of skipping 
procedural results for other cases is to reduce unnecessary repetition. Of course, 
final results regarding to efficiency and accuracy for all of those five images are 
analyzed. It is noticed that the threshold as derived from the first image will apply 
to the remaining ones.  

4.1 Feature Extraction 
Aerial photo A is the one to be tested here for full presentation. Referring to 

figure 4, the image size of aerial photo A is 300 x 300 pixels. After applying the 
modified version of SNN-Mean Filter for edge preserving and noise reduction, 
the homogeneous areas are less noisy. The contrast of edges and corners along the 
building boundaries are still clear. The result is shown in figure 5. Figure 6 
illustrates the edge magnitude calculated by the MRED algorithm. The bright 
lineaments describe the contrast variations, which imply the locations of edges. 
Finally, using the local maximum tracing technique to extract the edge points. The 
result is shown in figure 7 and the total of edge points extracted are 7,996. 

4.2 Principal axis analysis  
The first step in this analysis is to determine a threshold for accumulation in 
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the accumulative array. The maximum count in the whole θ-ρ space is called 
NPMAX. We compare 1/2, 1/3, 1/4, 1/5 and 1/6 of NPMAX for selecting an 
appropriate threshold. Figure 8 is the “180° Histogram”, H(θ)180, which shows the 
histograms with θ-axis ranges from 1° to 180°. The histogram count is the 
summation of the remaining cells with values greater than the threshold. 

It is observed that selecting a threshold with 1/2 of the NPMAX has two 
significant peaks at 18° and 109°. By searching the maximum count of the 
histogram, we can get the first principal axis at angle 109°. The angle difference 
between the first principal axis (109°) and the second principal axis (18°) is 91°. 
It could be explained that the perspective deformation makes two axes not exactly 
perpendicular. By checking aerial photo A, one can realize that those two angles 
reflect the actual principal axes of the buildings’ outlines. Be noted that other 
thresholds with smaller values make the peaks in the histogram indistinguishable. 

Figure 4. Test image, aerial photo A.

 

Figure 5. SNN-Mean filtered result. 

 

Figure 6. Edge magnitude 
calculated by MRED algorithm. 

 
Figure 7. Feature point 

extraction results. 
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Through intensive tests, it is found that the phenomenon remains the same and the 
empirical threshold value behaves consistently. We may thus consider that 1/2 of 
NPMAX is a suitable threshold for principal axis analysis in extracting straight 
lines. 

If a priori knowledge about the target of interest is in a rectangular structure, 
one can use the “90° Histogram” for principal axis analysis. Using 1/2 of 
NPMAX as the threshold, for the same image the peak appears at 18°, as shown 
in figure 9. The second principal axis is assigned automatically at the angle 
perpendicular to 18°, i.e. 108°. From figure 9 one could find out that H(18°)90 is 
very close to H(19°)90. The reason has been depicted in the previous paragraph, 
since the image is an aerial photograph with some perspective distortion and the 
buildings’ outlines are not exactly rectangular.  

4.3 Searching Priority Strategies for Peak Detection 
For the purpose of evaluating the performance of line detection using Hough 

Figure 8. Principal axis analysis. 
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Transform, four strategies of searching priority for peak detection are evaluated as 
follows.  

1. The most commonly used method, maximum value searching strategy, 
is to search the maximum value (A(θ, ρ)max ) in the whole parameter 
space.  

2. “180° Histogram” is used to determine the principal axis (PA), which 
is the maximum count of the histogram, i.e. H(θPA)180. The searching 
priority for peak detection in the parameter space is set according to 
the angle of the principal axis, e.g. H(109°) for aerial photo A. The 
peak, A(θPA, ρ)max, is detected by the maximum value of the 
accumulative array at the principal axis. When all possible line 
segments in this angle have been extracted, the histogram count at this 
angle, H(θPA)180, is reset to avoid being detected again. This process is 
done iteratively until all line segments are extracted for all angles. 

3. “90° Histogram” is used to determine two perpendicular principal 
axes (PAs), i.e. H(θPAs)90, e.g. H(18°) and H(108°) for aerial photo A. 
The searching priority for peak detection is set at those two principal 
axes to search the maximum value (A(θPAs, ρ)max) for line detection. 

4. Same as strategy 3, “90° Histogram” is used to determine two 
perpendicular principal axes. Considering perspective deformation, 
we extend the search range at the neighborhood of the peak, A(θ, 
ρ)max, within ±1° of range. For aerial photo A, if strategy 2 is applied, 
we detect the first principal axis at H(109°). However, in strategy 3 
we accomplish the search at H(18°) and H(108°) only. Here, in 
strategy 4, the expansion of search range, H(17°~19°) and 
H(107°~109°), could include the second principal axis.  

Notice that the peak A(θ, ρ)max is the maximum value of all 
accumulative array neighbor to those two principal axes. It is implied 
that if the extension of the search range is set as 45°, it is identical to 
strategy 1.  

Strategy 4 is designed to include the following situations: (1) 
flat-roof buildings under perspective view in an aerial photograph, 
and (2) buildings with a small roof-slope. Buildings’ outlines under 
the above two situations may not be exactly rectangular. This strategy 
makes the analysis more flexible and reasonable. If the roof-slope is 
high or the perspective distortion is big, a wider range for searching 
should be considered. 

4.4 Efficiency and Accuracy analysis  
For the purpose of analyzing the performance of the proposed PAAM 

scheme, three digital aerial photos are tested here. The original image of aerial 
photo A is shown in figure 4. The statistics of straight-line detection, using the 
above four strategies, for aerial photo A are shown in Table 1. It includes 
computation time, number of detected line segments and the remaining feature 
points after straight-line detection. Figure 10(a, b, c, d) demonstrates the results of 
straight-line detection for those four strategies respectively. In this, different 
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colors denote different line angles (θ). For the other two aerial photos, i.e., B and 
C, the original images are shown in figure 11(a) and 12(a). Figure 11(b) and 12(b) 
illustrate the extracted edge points. Figure 11(c) and 12(c) depict the detected 
straight lines by strategy 3. Table 2 shows the computation time of straight-line 
detection for aerial photo B and C. Those analyses are processed on a personal 
computer with Pentium III 1.2GHz CPU. The number of processed feature points 
are 7,996, 25,576 and 28,229 for aerial photo A, B and C respectively. 

 Table 1. Statistics of straight-line detection for aerial photo A. 
 Peak Detection 

Searching Priority 
Computation
Clock Time

(Second) 

No. Lines 
Detected

Remained 
Feature Points 

Fig. No. 

1 Max. value  
on all θ-ρ space 

134.03 360 2,045 10a 

2 1st-PA  
on all θ-ρ space 

100.25 360 2,023 10b 

3 Max. value  
on 2-PAs Only 

24.55 246 3,055 10c 

4 Max. value  
within 1° range of 2-PAs

22.81 260 3,256 10d 

Table 2. Computation time of straight-line detection for aerial photo B and C. 
Total of feature points for each photo are 25,576 and 28,229. 

 Peak Detection 
Searching Priority 

Aerial photo B 
Processed Time (Second)

Aerial photo C 
Processed Time (Second) 

1 Max. value  
on all θ-ρ space 

6,227.1 8,165.0 

2 1st-PA  
on all θ-ρ space 

1,253.5 2,408.1 

3 Max. value  
on 2-PAs Only 

148.0 197.0 

4 Max. value  
within 1° range of 2-PAs

360.7 460.9 

(a)                   (b)                    (c) 
Figure 11. (a) Original image of aerial photo B, (b) feature extraction results, 

and (c) straight-line detection results using strategy 3. 
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Figure 10. A close look of straight-line detection results for four strategies. 

10(a) Strategy 1 10(b) Strategy 2 

10(d) Strategy 4 10(c) Strategy 3 

 
(a)                   (b)                    (c) 

Figure 12. (a) Original image of aerial photo C, (b) feature extraction results, and 
(c) straight-line detection results using strategy 3. 
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For strategy 1, the results for aerial photo A is shown in figure 10(a), it took 
the heaviest computation, 134 seconds, to detect straight lines. By scrutiny, some 
of them do not represent meaningful straight lines. It is also obvious that too 
many colors are representing different edge directions. This is the limitation of 
the searching algorithm by traditional method. For aerial photo B and C, it also 
took the longest computation time to detect straight lines using strategy 1. 
Compare to other strategies, strategy 1 is heavy in computation. Moreover, it 
retains too many unwanted edge points.  

The results of strategy 2 for aerial photo A is shown in figure 10(b). Since 
strategy 2 is designed for general linear features with certain structures, it 
searches the whole θ-ρ space to detect the peak. The efficiency is still better than 
strategy 1. Referring to table 2, the results for aerial photos B and C using 
strategy 2 have saved about 2~4 times the processing time as compared to 
strategy 1.  

For strategy 3, as shown in figure 10(c), one could realize that only two 
colors appear. Those two colors represent angles of 18° and 108°. Because the 
image includes perspective distortion to a certain extent, it is expected that 
strategy 4 should yield better accuracy. Since there is only 1 degree of difference 
and those major straight lines on the rectangular structure are extracted, the 
results of strategy 3 are comparable. This may be observed when comparing to 
figure 10(d). Strategy 3 also reveals that the ambiguity caused by spreading effect 
of Hough Transform has been alleviated as compared with the traditional method, 
i.e., strategy 1. 

For strategy 4, in the case of aerial photo A, it takes 22.8 seconds for line 
detection, which has about 6 times of efficiency improvement in comparison with 
strategy 1 (134 sec). Although the detected lines are only about 72%(=260/360) of 
strategy 1, most of the important outlines are extracted. Notice that features in 
image A are not complex, so the efficiency of line detection using the PAAM 
scheme may be even more significant when complex images are treated. The 
ground features in aerial photo B and C are more complex, which include more 
trees and cars, etc. Referring to table 2, the efficiency for strategy 3 has increased 
about 40(=6,227/148) times. It reveals the contribution of the proposed PAAM 
scheme for straight-line detection when Hough Transform is used. The 
importance and the necessity of principal axis analysis are quite obvious. 

For aerial photo B and C, referring to table 2, the computation efficiency of 
strategy 4 is not better than strategy 3. The reason is that the principal axes of 
image features are actually perpendicular. The other time consumption is wasted 
on detecting minor ground features that contribute to the accumulative array. It 
enhances the importance of using PAAM for rectangular targets and complex 
image features. 

4.5 Close-Range Scenes 
In order to evaluate the applicability of the proposed PAAM scheme for 

linear features that are of certain structures, we use strategy 2 for this purpose. 
The reason for skipping strategy 3 and 4 is because perpendicularity for image 
feature lines is seldom assumed due to large perspective distortion. Since the 
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angle-count histogram is revised each time when all straight lines are extracted in 
H(θmax), the updated angle-count histogram represents the dominated distribution 
for the remaining ground feature points.  

Two close-range scenes, photo D and E, are tested here. The image size is 
380 x 400 for photo D, and is 400 x 400 for photo E. The original image, image 
feature points, and straight-line detection results are shown in figure 13(a, b, c) 
and figure 14(a, b, c) for photo D and E respectively. The total of feature points to 
be processed are 9,583 and 14,577 respectively. Table 3 shows the computation 
time for straight-line detection using strategy 1 and strategy 2 for photo D and E 
respectively. In both cases, the efficiency is improved about 2 times using strategy 
2 as compared to strategy 1. By checking figure 13(c) and 14(c), it is found that 
major straight lines have been characterized. 

 Table 3. Computation time of straight-line detection for photo D and E. 
Total of feature points for each photo are 9,583 and 14,577, respectively. 

 Peak Detection 
Searching Priority 

Close-range photo D 
Processed Time (Second)

Close-range photo E 
Processed Time (Second) 

1 Max. value 
on all θ-ρ space 

232.15 437.03 

2 1st-PA 
on all θ-ρ space 

113.84 191.21 

Figure 13. (a) Close-range photo D, (b) feature extraction results, and (c) straight-
line detection results using strategy 2.

Figure 14. (a) Close-range photo E, (b) feature extraction results, and (c) straight-
line detection results using strategy 2. 
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5. Conclusions 
A Principal Axis Analysis Method scheme for fast straight lines detection is 

proposed. It demonstrates that the ambiguity in peak detection is significantly 
alleviated. It also makes the detected lines better characterized. The choice of 
threshold value for principal axis analysis is critical. A threshold value of 
NPMAX/2 behaves consistently. Thus, it is an appropriate empirical value. 

Considering the efficiency and accuracy in the experiments, we may 
conclude that a proper choice of searching priority will accelerate computation 
and get more accurate results of line parameters. This is especially true when 
targets of interest are in a rectangular structure and ground features are complex. 
In case of extracting straight lines, it is important to analyze the principal axis in 
advance. Depending on the targets are in a rectangular structure or not, choosing 
the proper searching priority strategy will yield better accuracy and efficiency. In 
case of extracting outlines for rectangular buildings, the priority set for searching 
peaks on principal axes may save about 40 times of computation time as 
compared to the traditional method. The proposed Principal Axis Analysis 
Method is useful for aerial photos when detecting rectangular buildings and close-
range scenes with linear structure. 
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應用 Hough Transform 與主軸分析法            
於快速直線偵測之研究 

饒見有
1
     陳良健

2 

摘要 

本文針對都會區數位航空照片中具有棋盤式排列之矩形建築

物，以及一般具有結構性直線特徵之近景影像中，進行高效率之

直線偵測。文中提出一「主軸分析法」來設定尖峰偵測時之優先

次序，以加速直線偵測並獲取更正確之結果。「主軸分析法」是

將二維之 Hough 參數空間轉換為一維之「角度-累計量直方圖」，

分析此直方圖可得到影像中特徵物之第一主軸。對影像內容具有

矩形結構之都會區而言，其次主軸即為主軸之正交方向。接著在

進行 Hough 直線偵測時，即可將尖峰偵測之主要優先次序設定

在此二主軸上。而對一般不具有矩形結構之線形特徵影像，則可

根據線性主要分佈之角度為尖峰偵測之主要優先次序以進行直線

偵測，實驗結果顯示，本文所提出之「主軸分析法」可顯著提昇

直線偵測之效率，而且得到更正確的結果。 

關鍵詞: Hough 轉換,直線偵測,主軸分析法 
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