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Abstract— Geometric shapes and geometric features are 

indeed involved in a wide variety of digital images. Much of 

these features carry within itself useful information that can 

be exploited for a broad range of real-world applications. 

One method to detect basic geometric shape is based on 

extreme boundary points of shape itself. This method first 

find the centroid (xc, yc) and boundary points of the region. 

Distance between centroid and boundary points is stored in 

one one-dimensional array. Plot of this array is called 

Centroid to Boundary Distance (CBD) profile is unique to 

each shape. This uniqueness ease identification and 

classification of geometric shapes.   Implementation of CBD 

method for detecting regular shape on raspberry platform is 

discussed here. Test results for different images of geometric 

shape are presented here. 
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I. INTRODUCTION 

Digital images generally contain repeating features or 

patterns that can be translated into meaningful data. This led 

to the development of a field in image processing known as 

feature extraction. Many complex algorithms are there to 

extract shapes such as rectangles, triangles and circles [1,2]. 

Extracted dataset is transformed into a meaningful real-

world application or sent for further processing. These 

methods are either region-based or boundary-based that uses 

whole region or extreme boundary points of connected 

pixels respectively [6]. One boundary point analysis based 

method for shape detection is discussed here.  

II. CENTROID TO BOUNDARY DISTANCE METHOD 

One method to detect basic geometric shape is based on 

extreme boundary points of shape itself. Detection of 

geometric shapes is determined according to the use of 

shape boundary.  This method first find the centroid (xc, yc) 

and boundary points of the region. Distance between 

centroid and boundary points is stored in one one-

dimensional array. Plot of this array is called Centroid to 

Boundary Distance (CBD) profile is unique to each shape. 

The proposed extreme points analysis based method were 

applied to all the vectored synthetic and real images 

generated for the study.  

A. Boundary to Centroid Distance [3]  

The centroid distance function expresses the distances of the 

boundary points (𝑥𝑖 , 𝑦𝑖) from the centroid (𝑥𝑐 , 𝑦𝑐). 

It is given by the following formula:  

distance =  √(xi − xc)2 + (yi − yc)2  …….(1) 

Since this shape signature is only dependent on the 

location of the centroid and the points on the boundary, it is 

invariant to the translation of the shape and also the rotation 

of the shape if the starting point of the original shape can be 

identified on the rotated shape [3].  

One such a boundary distance signature is shown in 

figure 1. Figure 1 contains circle image and corresponding 

shape profile is generated and expressed for the same. As 

centroid to boundary distance is equal for the circle shape, 

its CBD signature is a straight line which is compliant to the 

figure 1. Figure 2(b) represent the CBD plot of image ellipse 

in figure 2(a). 

 
Fig. 1(a): Circle of size 420 x 420 with circle radius 160 

pixels.  1(b): Plot of CBD profile for circle in image 1(a). 

 
Fig. 2(a): Figure of ellipse of size 420 x 420.  2(b) – Plot of 

CBD profile for ellipse shape in 2(a). 

B. Confirming Scaling Invariance  

To check for scale invariance here two figures has been 

used. First figure is a 140 x 274 rectangle, and my second 

figure is our original rectangle scaled by a factor of .5, so a 

70 x 137 rectangle. Extracted the corresponding shape 

signatures are shown in Figure 3(b) and 4(b). Here CBD 

profile is identical for both images, but due to scaling of 

image starting distance point in figure 3(b) is at 150 while 

for scale image in 4(a) is at 75 as shown in figure 4(b). 

  
Fig. 3(a): Figure of rectangle of size 300 x 400 with 

rectangle size 140 x 274.  3(b): Extracted the corresponding 

CBD profile for rectangle in figure 3(a). 



Analysis of Centroid to Boundary Distance Method for Recognizing and Classifying Geometric Shapes 

 (IJSRD/Vol. 4/Issue 06/2016/052) 

 

 All rights reserved by www.ijsrd.com 222 

  
Fig. 4(a): Figure of rectangle of size 300 x 400 with 

rectangle size 70 x 137.  4(b): Extracted the corresponding 

shape signatures for rectangle. 

C. Algorithm Step for Proposed Strategy  

1) Read image and convert it into binary image [4,5] 

2) Label the image[5]   
3) For each blob, get its boundaries and find the distance 

from the centroid to each boundary point. 

4) Plot of distance from boundary distance function. 

5) Compute the number of vertices by looking at the 

number of peaks/valleys in a plot of distance from 

centroid. 

6) Classify the shape by the centroid-to-boundary 

algorithm. 

7) Place a label on the shape 

III. EXPERIMENTAL RESULT 

In order to verify the superiority of this algorithm, the 

simulation experiment is implemented with MATLAB14.0 

on a PC (frequency 1.70GHz, memory 8 GB). Firstly, we 

implement image binarization if image is other than binary 

as shown in figure 6. Secondly, label each separate region 

present in image to consider each objects. There is Matlab 

function available for this process [4]. This labeled image is 

input to the CBD function. To get CBD profile, next step is 

to determine the centroid and boundary points of shape. 

Distance between centroid to boundary points is calculated 

as given in equation (1). Plot of CBD profile for shapes 

present in figure 5 is shown in figure 7 (a) to 7 (i). 

 
Fig. 5: Original Image to test the algorithm. This contains 9 

different regular shape. 

 
Fig. 6: Binary image of figure 5. 

 
(a)-CBD profile for shape square  

 
(b)-CBD profile for shape Hexagon 

   
(c)-CBD profile for shape circle  

 
(d)-CBD profile for shape ellipse 

 
(e)-CBD profile for shape pentagon 

 
(f)-CBD profile for Equi-lateral triangle 

 
(g)-CBD profile for rightangle triangle 

 
(h)-CBD profile for shape Rhombus 

 
(i)-CBD profile for Heptagon 

Fig. 7: Plot of CBD profile for shapes present in figure 5. 
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Fig. 8: Detected shapes in presented in image 5. 

 
Fig. 9: Detected Triangle shapes using CBD method 

 
Fig. 10: Detected Rectangle shapes using CBD method 

Various detected triangle and rectangle shapes in 

image is shown in figure 9 and 10 respectively. Image 

triangle includes Right-angle triangle, Equi-lateral triangle 

and two irregular triangle which is detected correctly. Figure 

10 includes square, rhombus, rectangle and irregular 

rectangle. 

IV. SUMMARY 

This work shows that the classification and recognition of 

geometric shape circle, triangle and rectangle have been 

successfully explored using compactness of shape region. 

This approach is based on simple geometry of shapes. 

Centroid to Boundary Distance method for regular shape 

detection is performed on synthetic images. This method is 

simple and accurate for individual separated shapes.  
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