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Abstract 

Algorithms for automatic electrical power line 
detection are investigated. In particular, this paper 
presents a novel tuning technique using the Hough-
Transform to improve Bayesian pixel classification 
accuracy. Connected component analysis is used to 
remove small components (misclassified pixels) from 
the classified images. Experimental results presented 
show that the proposed algorithm outperforms 
traditional Bayesian classification for power line 
detection.   

 
1. Introduction 

Research on the use of robots to perform inspection 
of electrical power lines started in the mid-eighties 
[4]. Ma and Chen [3] proposed an Unmanned Aerial 
Vehicle (UAV) for overhead power line inspection. 
In their work automation technology for acquiring 
videos is described and problems that could be 
encountered when performing inspections outlined. 
These problems related to pattern recognition, 
camera stabilization, acquiring and maintaining the 
target in the camera’s Field Of View (FOV), image 
degradation, as well as data analysis.  
 
Jones and Earp [8] indicated that the allowable blur 
caused by camera motion for a static image should be 
1-2% in order to have a good image quality for video 
inspection of power lines. In [9] Jones et al. 
introduced the “detect and avoid obstacles” principle 
to be used in the airspace of a small helicopter, thus 
proposing machine vision and automated path 
planning as a potential solution for overhead power 
lines inspection. Jones and Golightly [7] later 
proposed corner detection and matching methods to 
keep the intersection of the pole and its cross-arm in 
the image.  
 
In this study, a novel scheme, combining the Hough 
Transform (HT) and a Bayesian Classifier (BC), is 
proposed to detect power lines in the images 
obtained by a camera mounted underneath a 

helicopter. The experimental results demonstrate that 
the proposed algorithm outperforms the BC and HT 
when used in isolation.  
 
This paper is structured as follows. Bayesian 
classification and connected component analysis are 
reviewed in section 2.  A description of Hough-
Transform tuning technique for the Bayesian 
classifier is discussed in section 3. Simulation results 
are presented in section 4, and concluding remarks in 
section 5. 

 

2. Target detection 

2.1. Bayesian pixel classification 

Bayesian pixel classification is popular for 
classifying pixels belonging to a target or the 
background. The main idea is to determine the 

posterior probability (target | ( , , ))P R G B  that a 

pixel belongs to objects given its Red, Green, and 
Blue (RGB) pixel values. Bayes’ rule [2] can be used 
to find the posterior probability: 

( )
(R,G,B|powerline) (powerline)

powerline|R,G,B =
(R,G,B)
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RGB values of power line pixels and non-power line 
pixels were collected to generate a three-dimensional 
training dataset. Samples of each class (power line 
and non-power line) were then used to calculate the 

prior probabilities ( )
i

P ! . The general multivariate 

normal class-conditional probabilities were then 
calculated.  The discriminant functions for each class 
are given by  
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iµ  is the mean vector, and i  is the covariance 

matrix of the i th class (Class I is the power lines, 
Class II is the background).  

             
Images in the database were classified using the 
decision rule: 

1
! (powerline class) if ( ) 0g x > ; otherwise 

2
! (non-powerline class) where 

( ) ( ) ( )1 2g x g x g x= " . 

Fig. 1: Bayesian classification results. (On the left: input 
images from the database. On the right: classification result 
where the pixels belonging to class I (power lines) are set 
to be white the pixels belonging to the background are set 
to be black.) 
 

Fig. 1 shows the classification results. Clearly, there 
are various small image regions not belonging to 
power lines that have been misclassified.  
 
2.2. Connected component analysis 

Due to uncertainties and noise, some pixels in the 
images were not classified correctly. After applying 
the Bayesian pixel classification algorithm (see 
Figure 1) connected component analysis was used to 
remove unconnected small regions from classified 
images.  
 
In this step, the 4 connectivity labeling of regions 
was used to detect connected components. Assuming 
that there are at least two power lines, the two largest 
connected regions were considered as power lines 
and the remaining smaller regions were removed. 

Figure 2 shows the detected power lines after the 
connected component analysis. 

 
Figure 2: The results of connected component analysis. 
(On the left: output images from the Bayesian pixel 
classification. On the right: resulting image after connected 
component analysis.) 

 
Although unconnected small components due to 
misclassified are removed (as shown in Fig. 2), this 
method can only remove the unconnected 
misclassified regions but not the regions connected to 
the power lines. 
 

3. Hough transform for tuning Bayesian 
pixel classification 

 

After the connected component analysis it is clear 
that there are still some misclassified regions left.  In 
this section a Hough transform tuning scheme is used 
to improve the performance of Bayesian classifier. 
 
The Hough transform is used to detect lines and 
curves in images [6]. In this section, we discuss how 
the power line information obtained by Hough 
transform can be used to improve the classifier. Our 
goal in this technique is to: 

• Recalculate the prior probabilities ( )
i

P !  

taking into consideration the power line 
obtained by Hough transform. 

• Recalculate the discriminant functions for 
power lines and background (see eq. (2)) 

• Redefine a single discriminant function (see 
eq. (6)). Notice that the prior probability 

( )
i

P ! appears in eq. (5) 

• Reapply the Bayesian pixel classification 
algorithm in the original image for a better 
classification result 
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Figure 4: A block diagram representation of Hough 
transform tuning Bayesian pixel classification 
 

Fig. 4 shows the block diagram for the proposed 
technique. The Hough transform algorithm is used to 

find the angle ( )#  and position ( )x  of the power 

lines in both the binary image obtained as the output 
of the Bayesian classifier and the original image. The 
angles and positions obtained are compared and if 
the angles and positions of the detected objects 
(candidate power lines) in the two images are not the 
same, the following steps are executed: 

• Use the positions and angles of the lines found in 
the original image to calculate the lengths of the 
lines using Eq. (7) and Eq. (8); 

• Re-estimate the prior probabilities ( )
i

P !  using 

Eqs. (9) and (10); 

• Redefine a single discriminant function using the 
new prior probabilities; 

• Reclassify the image to improve accuracy. 
 
The lengths of the candidate power lines are used to 
re-estimate the prior probabilities as follows: 

 2 2
1 11 21 11 21( ) ( )l x x y y= " + "          (7) 

     
2 2

2 12 22 12 22( ) ( )l x x y y= " + " , (8) 

where 11x , 21x , 11y , 21y are the x and y of line 1 

and 12x , 22x , 12y , 22y  the x and y of line 2 as 

shown in Fig. 5. 
 

The prior probabilities ( )
i

P !  are estimated as  

      1 2

1
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where lw (tuning parameter) is an estimate of the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: the parameters used in Eq. (7), (8), (9) and (10). 

 

width of the candidate power lines, W and H the 
width and height of the image, respectively.  
 
Figure 5 depicts the idea behind the technique. Note 
that the lines are similar therefore we assume that the 

width lw  is the same for both lines. The optimal 

width lw  was determined by trial and error.  

         
  

4. Simulation results 

In this section, two images where the Bayesian pixel 
classifier failed to detect power lines, are used to 
demonstrate the performance of the proposed 
scheme. Refer to Fig. 8. 
 
Figs. 8(a) are the original images with two power 
lines in the view. Figs. 8(b) are the results of 
Bayesian pixel classification. The classification 
performance is so poor that the power lines are 
almost totally obscured by misclassified regions 
(indicating that the original Bayesian method is 
severely affected by noise and uncertainties). 
 
Figs. 8(c)-(e) are the results obtained using the 
Hough transform to tune Bayesian pixel 
classification. It is clear that when the Hough 
transform is used for tuning that classification 
accuracy is significantly improved. The classification 
performance is remarkably better when the prior 
probabilities are more accurately estimated. 
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(a) original images 
 
 
 
 
 
 
 
 

(b) poor classified images 

 

 

 

 

 

(c) lw = 1 

 
 
 
 
 
 
 
 

(d) lw = 0.5 

 
 
 
 
 
 
 
 

(e) lw = 0.0005 

Figure 8: Hough transform tuning Bayesian pixel classification 

 

5. Conclusion and future work 

A technique to improve Bayesian pixel classification 
using the Hough transform was proposed in this 
paper.  The Hough transform tuned Bayesian pixel 
classifier outperformed the classical Bayesian 
approach. Future work aims at generalizing the work 
to a wider class of problems. 
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