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Abstract 
 

In this paper, an improved edge detection method  that 
computes image edges  using the concept of Center of Mass 
with Sobel Operator (COM-SOBEL) is presented. The 
proposed method  can be used as template for multi-scale 
edge detectors. Here the edge detection by COM with 
Sobel operator is compared with simply COM method. 
 
Keywords: Edge detection, COM-SOBEL operator, multi-
scale edge detector. 
 
  
1. Introduction 
 
Edges are representation of changes in intensity 
functions of an image. Image intensity variations 
such as steps, lines and junctions [1].Edge detection 
as a fundamental image processing method.The edge 
detection methods detect edges by finding local 
maxima of first-order derivative function or zero-
crossing of second-order derivative function of the 
intensity profile of given image .  
 
Edge detection of an image reduces significantly the 
amount of data and filters out information that may 
be regarded as less relevant, preserving the important 
structural properties of an image. The state-of-the-art 
gradient-based edge detectors lack scalability in the 
filter size. Small-scaled filters are sensitive to edge 
signals but also prone to noise, whereas large-scaled 
filters are robust to noise but can filter out fine details 
[2].A small step in this direction has been 
accomplished by using multiple detectors and 
multiple scales. [5]. 
 
 The characterization of signals from multi-scale 
edges has been studied extensively in the literature 
[4]. Multi-scale edge detection face a runtime issue 
that when scale increases there will be a linear or 
quadratic increase of time consumption [7]. The 
general idea of edge detection is to first convolve the 
input image with a filter to obtain gradient. The 
complexity of this operation per pixel is usually O(n) 
or O(n2), where n is the filter width. For example, 
Sobel edge detector which runs in O(n) time takes 45 

ms on 512×512 image with filter size of 31×31. This 
is not applicable for real-time algorithms. COM edge 
detector uses integral image to compute center of 
mass in constant time O(1).   
 
There are different traditional operators such as Sobel  
Operator, Prewitt Operator, LOG Operator, Canny 
Operator and Robert Operator which are used for 
edge detection of images [11]. 
  

2. COM Method 
 
The definition of edges is abrupt changes in intensity 
functions of an image. If we calculate a local COM of 
non-edge locations within a region of certain size, the 
center of mass will be very close to the center of that 
region.The distance between COM and center of 
region can indicate the change of intensity function. 
This allows the possibility of using COM to design a 
new edge detector.  The location of COM is given by 
the equation: 
 

= Σ /Σ   
 

This is a vector equation that represents each of the 
three object dimensions in the physical world. We 
first try to estimate the gradient of image intensity by 
the distance between COM and the region center: 

′= ( − )  

where c is a constant parameter and xc is region 
center.  
 
  The gradient estimated by COM reflects step 
changes of image intensity. However, the local 
maxima of gradient are not accurately located on the 
step edge.   

 



 

COM base
Digital ima
particle ha
mass is re
an image is

= (Σ (
= (Σ (

 
where ( ,

the region
detection m
x2, y1, y2 

Pixel inten
range of v
heavier ma
is closer 
convention
gradient an

= √( 2+
=  

 

3. Sobel 

The Sobel
measureme
of high sp
Typically i
gradient m
grayscale i

In theory a
3×3 convo
other rotate

IJISET - Interna

Fig 1. Gradient e

ed method can
age is discrete 

as its own mas
ferred as inten
s calculated as

, ) Σ ( , )−
, ) Σ ( , )−

) is image inte
n (called ker
method), Σ  all

 are the bou
nsity of a gra
values from 0 
ass, i.e. they a

to brighte
nal edge det
nd gradient dire

+ 2)  
( / )  

Operator 

l operator perf
ent on an imag
patial frequenc
it is used to fi
magnitude at 
image.  

at least, the op
olution kernels
ed by 90°.   

ational Journal of 

estimation of 1D c

 

n be applied to
object where e
s. In image pr

nsity. Direction
: 

)Σ ( , )  
)Σ ( , )  

ensity, (xc, yc) i
rnel in conv
l denotes Σ  <

ndary of calc
ay scale image
to 255. Bright

are heavier. Th
er area. Inh
tection metho
ection are calcu

forms a 2-D s
ge and so emph
cy that corresp
ind the approx

each point 

perator consist
s. One kernel 

Innovative Scienc
w

case 

o a 2D image
each pixel as a
rocessing, such
nal gradient of

is the center of
ventional edge
< ≤  ,  < ≤  , x1,
culated region
e can obtain a
ter pixels have
herefore, COM
heriting from
od [8] image
ulated as: 

patial gradient
hasizes regions
pond to edges
ximate absolute

in an input

ts of a pair of
is simply the

ce, Engineering & 
www.ijiset.com 

 

. 
a 
h 
f 

f 
e 
, 
.    
a 
e 

M 
m 
e 

t 
s 
. 
e 
t 

f 
e 

 

Thes
edge
the p
perpe
appli
separ
each 
then 
magn
orien
is giv

G = 

Typi
using

G = 

This 

The a
spati

θ=

In th

direc
runs 
are m

  

 

 

Technology, Vol. 

Fig.2

se kernels are 
s running vert
pixel grid, on
endicular orie
ied separately 
rate measurem
orientation (c
be combined

nitude of the 
ntation of that 
ven by:  

22
yx GG 

cally, an appr
g:  

|G x | +|G y | 

is much faster

angle of orient
al gradient is g

=tan 1 (
x

y

G

G
)

his case, orient

ction of maxim
from left to rig

measured anti-c

2 Issue 4, April 20

 
2. Sobel Operator 

designed to re
tically and hor
ne kernel for
entations. Th

to the input 
ments of the gra
call these Gx 
d together to

gradient at e
gradient. The 

 

roximate mag

r to compute.  

tation of the ed
given by:  

tation   is tak

mum contrast f
ght on the ima
clockwise from

015. 

ISSN 2348

Mask 

espond maxima
rizontally relat
r each of the
e kernels ca
image, to pr

adient compon
and Gy). Thes

o find the ab
each point an
gradient mag

gnitude is com

dge  giving rise

ken to mean th

from black to 
age, and other 
m this.  

8 – 7968 

49 

 

 

ally to 
tive to 
e two 
an be 
roduce 
nent in 
se can 
bsolute 
nd the 
gnitude 

mputed 

e to the 

hat the 

white 
angles 



IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 4, April 2015. 
www.ijiset.com 

ISSN 2348 – 7968 

50 
 

 

4. Experimental Result 

 

 

                    Fig 3. Original Image 

 

        Fig 4. Result Using COM Method 

 

      Fig 5. Result Using COM-SOBEL Method 

 

 

5. Conclusion 

In this paper, the COM method and COM-SOBEL 
method had been implemented to find the edges 
associated with an image. From the experimental 
result, it is concluded that the COM-SOBEL method 
provides better result.  
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