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ABSTRACT:   

 
The leading and distinguishing trait of digital image processing includes feature extraction. 
The application province considered in this paper is ‘Circle Detection’. This paper proposes a 
novel pixel reduction algorithm that allows the method to accurately detect circles even with 
reduced number of edge pixels. Experiments are conducted extensively on a large number of 
images. The proposed edge pixel reduction process reduces the number of edge pixels up to a 
maximum of 98%. The work is compared to classical Hough transform. The proposed 
technique including edge pixel reduction process outperforms classical Hough transform for 
circle detection by a maximum margin of 99.69%. 
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[1] INTRODUCTION  

The detection of circles from digital image has many applications. It is important to detect 

the location of circular objects in various industrial [1] and medical images [2-4]. A number of 

circle detection methods have been proposed in the literature. One of the most robust methods 

for circle detection is Circle Hough Transform (CHT) [5], which performs exceedingly well 

even under noisy conditions. CHT transforms the image pixels to a 3D Hough space. An 

important concern regarding CHT is the computing time needed to fill the 3D accumulator 

array and then searching the array for the cell that attracts maximum votes. Apart from that, the 

need of a 3D Hough space requires large amount of storage space. 



 

A NOVEL PIXEL REDUCTION TECHNIQUE FOR ACCURATE CIRCLE DETECTION 

 

 

Nitin Bhatia 93 

Many variations to the CHT are also proposed [6-20]. Tsuji and Matsumoto [6] use the 

parallel property of tangents and hence decompose the Hough space to improve the time 

efficiency. Muammar and Nixon [7] try to reduce dimensionality of the Hough space to gain 

speed. But the time efficiency is achieved at the cost of robustness. Han et al. [8] propose fuzzy 

Hough transform and Shaked et al. [9] suggest probabilistic Hough transform which gain in 

terms of speed but their approaches are also sensitive to noise. Guil and Zapata [10] propose a 

hierarchical Hough transform to gain the time efficiency. The method gets its motivation from 

Li et al. [11]. Hierarchical Hough transform techniques for detecting circular objects in digital 

images are quite an improvement over standard CHT. Yet, these methods have two 

disadvantages. Firstly, these methods use decision techniques involving calculation for eight 

vertices of the Hough space cubic cell against each edge pixel requiring lots of computations. 

Secondly, these require use of floating point operations which further reduces the time 

efficiency of the algorithms. Atherton and Kerbyson [12] present a work to show that a specific 

combination of modifications to CHT is equivalent to applying a scale invariant kernel 

operator. Becker et al. [13] propose modified transformation which speeds up processing in 

comparison to the original Hough transform. Rad et al. [14] propose a method for circle 

detection using gradient pair vectors which are calculated during a preprocessing phase. Chiu 

and Liaw [15] reduce the computation and the storage requirements of CHT for circle detection 

and improve the efficiency of circle detection by letting each pixel only belong to one candidate 

of circle parameters. Cauchie et al. [16] present a modified Hough transform algorithm to 

search the common center of circular or partially circular components. The list of voting points 

is continuously updated in conjunction with the evolution of the accumulator size and position. 

These techniques show very high sensitivity to the presence of noise. Xing and Wang [17] give 

a randomized Hough transform algorithm which makes random selection of edge pixels instead 

of using the complete set of edge pixels from image. Their approach for the selection of 

candidate edge pixels is based on [18], which randomly picks four edge pixels from the image 

space and then, using distance criterion, finds a possible circle. The method has large memory 

requirements in case of noisy images. They use a noise filtering step to eliminate noise from 

images before applying the circle detection method. Yuen and Lo [19] propose a coarse-to-fine 

approach to detect circles. Hough transform is used using a small window around a feature 

point as Hough space. This method detects false peaks in Hough space in the presence of noise 

which, results in wasted time. 

 

[2] THE HOUGH TRANSFORM FOR CIRCLE DETECTION  

Hough transform is a powerful focusing technique which maps many feature points in 

image spatial domain to one accumulator cell in the Hough space. A square input image is 

defined as ( , )f x y  with size M N  pixels having M  rows and N  columns. An edge 

detection filter is applied on the input image to extract edge pixels as a pre-processing step. 

Circle Hough space is a 3-D space where each cell is represented by a triplet ( , , )h k r with 
( , )h k  being the centre of the circle and r being the radius. The equation of circle is 

2 2 2( ) ( )x h y k r                   (1) 

Each single edge pixel with spatial co-ordinate values 
( , )i ix y

transforms into  
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2 2 2( ) ( ) ( 0) 0i ih x k y r     
   (2) 

which represents a right circular cone in the Hough space with vertex at
( , ,0)i ix y

. Fig. 

1 shows an instance of the Hough space for the above transform. 

 

 

 

 

 

 

 

 

 

 

Fig. 1. An instance of circular Hough space 

 

Let an edge pixel in the image space be characterized by co-ordinate values 0 0( , )x y
. We find its 

corresponding Hough space co-ordinates 
( , , )i i ih k r

by taking ih h
, and ik k

 in the intervals 

[0, ]M and [0, ]N respectively and computing ir  by using Eq. 2. This way, the point 0 0( , )x y

votes for the accumulator cell [ , , ]A h k r  by incrementing the value of the cell by one. The Hough 

space required for the process is a 3D space with appropriate side length and quantization of each 

of these three dimensions. At the end of the voting process, 3D accumulator array is searched for 

cells containing votes above a predefined threshold value. Each of these cells characterized by 

( , , )j j jh k r
 with 1,2,3,.....,j m  provides m different circles in the image space.  

The above discussion clearly shows that the time complexity for CHT if 
2( )IO E L

 where 

IE
 is the number of edge pixels and L M N   for a square image. The space required to 

maintain the accumulator is 
2RL  words where R  is the maximum radius allowed.  

 

[3] THE PROPOSED METHOD 

The proposed technique is based on improvement of Hough transform as discussed above 

for circle detection. We use Sobel edge detection technique as a pre-processing step to filter 

edge pixels from input image. The proposed circle detection technique is then applied to these 

edge pixels. The improvement in the proposed technique results from two factors. Firstly, we 

reduce the number of edge pixels in the voting process. Secondly, we propose a new decision 

process to reduce time requirement during the voting process. 

 

[3.1] EDGE PIXEL REDUCTION PROCESS 

An important property of digital circles allows us to filter the image edge pixels. An 

enlarged digital image shows that circles do contain many pixels which lie on horizontal and 
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vertical run lengths. As more than two collinear points cannot contribute to a single circle, we 

filter out edge pixels by replacing all horizontal and vertical run lengths by their respective mid 

points [20]. 

 

 
A 

 
B 

Figure: 2. (a) A Synthetic circle. (b) A circle with reduced edge pixels. 

 

The Algorithm: Edge pixels reduction 

Step 1: Find horizontal run length defined by its endpoints 0 0( , )x y
and 1 0( , )x y

. 

Step 2: Replace the horizontal run length with the middle pixel 0( , )mx y
 such that 

0 1( ) / 2mx x x 
. 

Step 3: Repeat Steps 1 and 2 for each horizontal run length. 

Step 4: Find vertical run length defined by its endpoints 0 0( , )x y
 and 0 1( , )x y

. 

Step 5: Replace the vertical run length with the middle pixel 0( , )mx y
 such that 

0 1( ) / 2my y y 
. 

Step 6: Repeat Steps 4 and 5 for each vertical run length. 

 

   

   
   a     b        c 

Figure: 3. (a) Sample Images (b) Results of Applying Sobel Operator (c) Results of Applying Pixel Reduction 

Process. 
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The results of edge pixels reduction algorithm are shown for a synthetic circle in Fig. 2 which 

clearly shows that many pixels do not contribute to the construction of the circle. These pixels 

are filtered out with our Edge Pixel Reduction Algorithm. Fig. 3 shows two sample images, 

results of Sobel edge detection operator and the effect of proposed edge pixel reduction 

algorithm. The average percentage reduction in edge pixels achieved during experiments 

performed on 100 images is approximately 80%. Thus the time complexity of the hierarchical 

Hough transform after applying the pixel reduction process is 2( log )RO E L
 where 

(100 )

100

I
R

E
E

 


, 


= the percentage reduction due to pixel reduction process. The 

proposed technique has even lower time complexity due to the modifications made to the 

original hierarchical Hough transform. 

 

[4] EXPERIMENTAL RESULTS 

A number of experiments are conducted on both natural as well as synthetic images containing 

circular objects. 55 natural and 45 synthetic images are selected for this purpose. The algorithm 

is implemented in VC++ Windows-7 64 bit environment and run on a PC with 4GB RAM. The 

program is self-contained as it carries out pixel level manipulations without using any imaging 

library. The images used for experimental purpose are gray scale. Fig. 4 shows three sample 

images along with result of applying Sobel edge detector, result of pixel reduction technique, 

detected circles and results superimposed on images to show the accuracy. 
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     a    b    c 

Figure: 4. Three sample grayscale images with detected edge pixels, reduced edge pixels, detected circles and 

circles superimposed on original images. 

 

 

Table 1 shows the effect of proposed edge pixel reduction process on selected images. The data 

for only 25 images is being shown to save space. The average percentage reduction for 100 

images in edge pixels is 79.523% and the maximum reduction achieved is 98.434%, which is 

significant for the application of Hough transform algorithm.  

Table 1. Effect of edge pixels reduction algorithm on sample images. 

Image 

Name 

Size Edge 

Pixels 

Edge Pixels 

after 

Reduction 

Process 

%age 

reduction in 

edge pixels 

Img1 256 X 256 1 164 170 85.39519 

Img2 256 X 256 660 132 80 

Img3 560 X 481 27 814 4 486 83.87143 
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Img4 400 X 400 14 534 732 94.96353 

Img5 256 X 256 1 009 189 81.26858 

Img6 240 X 300 2 388 750 68.59296 

Img7 256 X 255 1 440 213 85.20833 

Img8 260 X 340 1 920 233 87.86458 

Img9 400 X 400 16 794 263 98.43396 

Img10 270 X 280 1 290 210 83.72093 

Img11 530 X 530 21 263 3 435 83.84518 

Img12 390 X 460 2 436 280 88.50575 

Img13 380 X 410 2 455 178 92.74949 

Img14 512 X 512 15 267 3 783 75.22091 

Img15 256 X 256 1 433 144 89.93862 

Img16 128 X 128 549 68 87.59033 

Img17 128 X 128 664 175 73.64838 

Img18 128 X 128 743 223 69.97846 

Img19 128 X 128 773 238 69.16147 

Img20 256 X 256 1 522 276 81.89411 

Img21 256 X 256 1 802 532 70.4953 

Img22 512 X 512 14 221 3 784 73.39424 

Img23 600 X 600 17 556 4 467 74.55842 

Img24 550 X 550 16 820 2 385 85.82273 

Img25 500 X 500 15 234 4 591 69.86631 

 

Table 2 presents the details of experiments conducted on sample images. A comparison of 

Conventional Hough transform and proposed technique is presented. We compare the 

algorithms in terms of time taken to execute. It is clear from the given data that the average 

percentage gain in speed by using proposed technique without applying pixel reduction process 

is 22.515% whereas the maximum percentage gain in speed is 39.13%. The comparison 

between CHT and proposed technique after applying pixel reduction process is also given. The 

average percentage gain in speed after applying pixel reduction is 98.034% and the maximum 

gain in speed is 99.699%. 
 

Table 4. Experimental analysis. CHT vs. proposed technique. 

Image 

Name 

  Execution Time (sec.) 

CHT vs. 

proposed 

with pixel 

reduction 

% 

Conventional 

Hough 

Transform 

Proposed HT 

without pixel 

reduction 

Time for 

Pixel 

reduction 

process 

Time for 

proposed 

technique 

after pixel 

reduction 

Proposed 

technique 

with pixel 

reduction 

Img1 5.765 0.063 0.0011 0.0429 0.044 99.23677 

Img2 3.297 0.078 0.0016 0.0574 0.059 98.21049 

Img3 32.109 1.375 0.0245 1.3315 1.356 95.77688 

Img4 14.289 0.062 0.0012 0.0418 0.043 99.69907 
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Img5 12.223 0.734 0.0134 0.7016 0.715 94.15037 

Img6 10.983 0.313 0.0065 0.2655 0.272 97.52345 

Img7 7.199471 0.098 0.0011 0.0769 0.078 98.91659 

Img8 12.388 0.374 0.0064 0.2796 0.286 97.69131 

Img9 10.2794 0.387 0.0080 0.2730 0.281 97.26638 

Img10 6.197909 0.068 0.0009 0.0511 0.052 99.16101 

Img11 6.193783 0.088 0.0018 0.0662 0.068 98.90212 

Img12 3.989542 0.075 0.0006 0.0544 0.055 98.6214 

Img13 7.154517 0.091 0.0016 0.0724 0.074 98.96569 

Img14 21.4985 1.6064 0.0114 1.0558 1.0672 95.0359 

Img15 2.4845 0.2313 0.0029 0.1809 0.1838 92.6021 

Img16 1.2249 0.1033 0.0019 0.0829 0.0848 93.0770 

Img17 3.2989 0.3138 0.0032 0.2373 0.2405 92.7097 

Img18 3.9983 0.2186 0.0022 0.1778 0.18 95.4981 

Img19 3.25 0.1155 0.0012 0.0839 0.0851 97.3815 

Img20 3.56989 0.2091 0.0041 0.1533 0.1574 95.5909 

Img21 7.989232 0.3323 0.0028 0.2213 0.2241 97.1950 

Img22 11.874387 0.7022 0.0078 0.4970 0.5048 95.7488 

Img23 15.98245 1.0173 0.0195 0.6685 0.688 95.6953 

Img24 12.83745 0.5647 0.0137 0.4483 0.462 96.4012 

Img25 16.88293 0.7897 0.0115 0.7071 0.7186 95.7436 

 

[6] CONCLUSION 

The proposed modified circle Hough transform technique including edge pixel reduction 

process is a clear winner as far as time requirements are concerned. The disadvantage of Hough 

transform based methods is the slow speed at which these techniques converge. This problem 

of slow speed of convergence is handled without compromising the accuracy of detection of 

circles. The Hough transform is inherently known to be robust to the presence of noise. The 

same feature is retained by the proposed technique. 
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