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Abstract— Edge detection is important part of image processing
for object detection. So it becomes extremely important to have
a good understanding of edge detection algorithms. An edge is
the real or imagined line that marks the limit and divides of
plane, object or appearance from other places or things. This
means that if the edges in an image can be identified accurately,
all of the objects can be located and basic properties can be
measured. This paper introduces a classification of most
important and commonly used edge detection algorithms,
namely Sobel, Robert, Prewitt, Laplacian of Gaussian, Canny,
Ant colony Optimization.
Keywords—Ant colony optimization, Canny, Edge Detection,
Image Processing, Laplacian of Gaussian, Prewitt, Robert,
Sobel.
Fig.1 Typical edge profiles

I.

INTRODUCTION

Digital image is composed of a finite number of
components, each of which has a special place or position
and value. These components are cited to as picture
elements, image elements, and pixels [1].
Image processing is any form of signal processing for
which image is the input, such as a photograph and the image
processing output may be whether an image or, a set of
characteristics or parameters associated to the image [1]
Edge can also be defined as in binary images as the black
pixels with one nearest white neighbour [2]. Edges include
large amount of important information about the image. The
changes in pixel intensity describe the boundaries of objects
in a picture [2].
Feature detection and Feature extraction are the main areas
of image processing, where Edge detection is used as a basic
and important tool [2].
Image edge detection trades with drawing out of edges in
an image by recognizing high intensity variations in the
pixels. This action discovers outlines of an object and
boundaries between objects and the back part of the image
[2].
Detection of edges for an image may help in image
segmentation, data compression, and also for image
reconstruction and so on [2, 3]. Variables involved in
selection of an edge detection operator include edge
orientation, noise environment and edge structure [4, 5].
Edge detection is difficult in noisy images, since both the
noise and the edges include high-frequency essence.
Attempts to reduce the noise consequence are blurred and
distorted edges [6].
Edge detection is used mainly to extract the information
about the image e.g. image sharpening and enhancement,
location of object present in the image, their shape, size.
Depending upon variation of intensity / grey level various
types of edges are shown in in Figure 1.
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Traditional methods of edge detection involves
convolving the image with an operator, which is made to be
sensitive to large gradients in the image while returning
values of zero in uniform regions [7,8].
II. IMAGE EDGE DETECTION
We can define image edge detection as the discovery of
the real or imagined line that marks the limit and divides of
image appearance from other places or things in a digital
image [2].
It is a series of actions whose purpose is to recognize
points in an image where clear and defined changes occur in
the intensity. This series of action is necessary to realize the
meaning of the content of an image and has its applications
in the evaluation of image and machine vision. The end
usage of discovering clear and defined changes in image
intensity is to represent the bottom line events and changes in
the material properties of the world.
Causes of Intensity alteration normally represent two types
of events: one is geometric events and other is non-geometric
events.
A. Geometric Events
 Surface (boundary) discontinuities
 Discontinuities in depth
 Colour and Texture discontinuities
B. Non-Geometric Events





Illumination changes
Specularities
Shadows
Inter-Reflections[9]
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II. FLOW CHART FOR EDGE DETECTION

operator is most widely used [11]. First-order derivatives in
image processing are implemented using the magnitude of
the gradient. For a function f(x, y), the differential of ‘f’ at
coordinates (x, y) is denoted [12] as the two dimensional
column vector
 f 
Gx   x 

f  G[ f ( x, y )]  

Gy   f 

 y 





(1)

The quantity f is known as the gradient of a vector.
With the help of vector evaluation it can be observed that
the gradient vector is directing in the direction of maximum
rate of change at (x, y) coordinates. The vector sum of these
two gradients is assumed to be taken as the magnitude of the
gradient and the angle represents the gradient angle.
Magnitude of vector f, denoted as M(x, y):
M ( x, y)  magnitude (f )  G  Gx 2  Gy 2

(2)

To simplify computation, this quantity is approximated
sometimes by omitting the square root operation

Fig. 2 Flow chart for edge detection

A. Algorithm for edge detection
Step 1-Take a color image.
Step 2-Smoothing: Annihilate as adequate noise as
accessible, without wrecking genuine edges.
Step 3- Enhancement: the quality of edges is enhanced
by applying differentiation.
Step 4- Threshold: Apply edge magnitude threshold to
determine which edge pixels should be retained and which
should be discarded as noise.
Step 5- Localization: Ascertain the postulate edge
bearings.
Step 6- Evaluation with the algorithms.
Step 7- Get the image after edge disclosure.
III. APPROACHES OF EDGE DETECTION
The course for edge detection is classified into two
categories; first method is gradient based and second is
laplacian based [10, 11].
In gradient based edges are detected by taking first order
derivative. It calculates a measure of edge strength by
computing the gradient magnitude, and then looking for local
directional maxima of the gradient magnitude using a
computed estimate of the local orientation of the edge,
normally the gradient direction [10, 11].
In laplacian based methods, edges are found by searching
for zero crossings in a second-order derivative expression
computed from the image, usually the zero-crossings of the
Laplacian or the zero-crossings of a non-linear differential
expression. A smoothing stage, typically Gaussian
smoothing, is applied as a pre-processing step to edge
detection [10, 11].
A. Edge Detection Based on Gradient Operator
The gradient operators are also called as masks in digital
images which calculate finite differential approximations of
either horizontal or vertical directions [2].
The edge is the place where image grey value changes
briskly, so to find out for the maximum and minimum values
in the first derivative of the image [7, 10] of the gradient

M ( x, y)  Gx 2  Gy 2

(3)

Or by using absolute values,
M ( x, y ) 

Gx  Gy

( 4)

The direction of the gradient is given as:
 Gy 

 Gx 

  tan 1 

(5)

Here the angle is measured with reference to x-axis. The
direction of the edge at any point is perpendicular to the
direction of the gradient at that point.
In a 2D image the [13] gradient is given as:
(6)
Gx = f (x + 1, y) − f (x, y)
And
(7)
Gy = f (x, y + 1) – f(x, y).
In this edge detection method the edges are assumed high
gradient pixels. A derivative of intensity at some direction
given by the angle of the gradient vector is beheld at edge
pixels. Let Figure 3, denotes the intensities of image points
in a 3x3 region. The center point z5 denotes f(x, y) at
arbitrary location (x, y) [1].
z1 z2
z3
z4

z5

z6

z7

z8

z9

Fig. 3 Intensities of image points in a 3x3 region [1]

Here intensities z1 denotes f(x-1, y-1), z2 denotes (x-1, y),
z3 denotes (x-1, y+1), z4 denotes (x, y-1), z6 denotes (x, y+1),
z7 denotes (x+1, y-1), z8 denotes (x+1, y), z9 denotes (x+1,
y+1) [1].
An edge pixel is determined using two crucial features
[10, 14].

The magnitude of the gradient which is equal to
edge strength.

The angle of the gradient which is equal to edge
direction.
In the process step, we will learn gradient based Roberts
edge detector, Sobel edge detector and Prewitt edge detector,
Laplacian of Gaussian detector.

2247
www.ijarcet.org

ISSN: 2278 – 1323
International Journal of Advanced Research in Computer Engineering & Technology (IJARCET)
Volume 2, Issue 7, July 2013
1)Robert Detector: The Roberts cross operator provides a
simple proximity of 2 × 2 mask
-1

0

Gx =

0

-1

1

0

And
Gy  [ f ( x  1, y  1)]  2 f ( x, y  1)  f ( x  1, y  1)]
 [ f ( x  1, y  1)  2 f ( x, y  1)  f ( x  1, y  1)]

Gy =
0

1

G[ f ( x, y)]  (Gx 2  Gy 2 )1/ 2

(16)

The angle of orientation of the edge giving boost to the
spatial gradient is given by:

Fig. 4 Convolution masks for Roberts operator [1]

The two masks can be applied separately on the image,
results in separate analysis of the two gradient components
Gx and Gy in the directions, perpendicular and parallel, is
determined respectively [1]:
Gx  ( z 9  z 5 )
Gy  ( z8  z 6 )
(8)
Masks of even sizes are awkward to implement because
they do not have a center of symmetry [1]. Further equation
above can be written as given below

G[ f ( x, y)]   f ( x, y)  f ( x  1, y  1)   f ( x  1, y)  f ( x, y  1)

(15)

The magnitude of the gradient computed by:

  arctan(Gy / Gx)

(17)

3) Prewitt Detector: The prewitt operator uses the same
equations as the Sobel operator, other than the constant c =1.
Therefore the convolution masks for the Prewitt operator
shown in Figure 6:
0

1
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0
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0

1

(9)
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(10)
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-1

-1
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0

The gradient magnitude is given by:

G[ f ( x, y )] 

Gx 2  Gy 2

The approximate magnitude is given by:
G[ f ( x, y )]  Gx  Gy

(11)

Here Gx and Gy are calculated using the masks shown in
Figure 4. The angle of orientation of the edge (relative to the
pixel grid) giving rise to the spatial gradient is given by:

  arctan(Gy / Gx)  3 / 4

(12)

The differences are to be intended at the interpolated point
[i + 1/2, j + 1/2]. The Roberts operator is a proximity to the
ceaseless gradient at this interpolated point and not at the
point [i, j] as might be apprehend [14, 15]. The smallest filter
mask in which we are interested are of size 3x3.
2) Sobel Detector: The Sobel detector is one of the most
frequently used in edge detection [16].
Sobel edge detection can be implemented by filtering an
image with left mask or kernel. Filter the image again with
the other mask. After this square of the pixels values of each
filtered image. Now add the two results and compute their
root. The 3 × 3convolution masks for the Sobel based
operator as shown in Figure 5 [1]:
-1 - 2
Gx= 0
0
1 2

-1
0
1

-1
Gy= -2
-1

0
0
0

1
2
1

Fig. 6 Mask for Prewitt operators [7]

The Prewitt filter [17] is analogous to Sobel filter. Note
that, contrary the Sobel operator, this operator does not place
any emphasis on pixels that are closer to the centre of the
masks [14].Classical operators are simple in which detection
of edges & their orientation are possible but classical
operators [18, 19] are sensitive to noise, and are inaccurate
[20-26].
IV. EDGE DETECTION BASED ON LAPLACIAN DETECTION
To find edges the Laplacian method searches for zero
crossings in the second derivative of the image.
The gradient operator as presented earlier is anisotropic,
i.e., they are rotation invariant [13]. An isotropic operator is
one which before and after the resultant image is having no
effect on the image.
However, calculating 2nd derivative is very sensitive to
noise. Before edge detection, this noise should be filtered out.
To accomplish this, “Laplacian of Gaussian” is used [14].

A. Laplacian Of Gaussian
Laplacian of gaussian is also known as Marr-Hildreth
Fig. 5 convolution masks for the Sobel operator [1, 7]
rd
st
Edge
Detector. Laplacian of Gaussian function is referred to
The difference is taken between the 3 and 1 rows of 3x3
image region is implemented by the left mask of figure 6 as LoG [27].
In this approach, firstly noise is reduced by convoluting
approximates the partial derivative in x-direction. The
rd
st
the
image with a Gaussian filter. After that isolated noise
difference between the 3 and 1 columns in the other mask
points
and small structures are filtered out with smoothing.
approximates the derivative in y-direction [1].
Those
pixels, that have locally maximum gradient, are
Here the partial derivatives are to be intended by:
contemplated as edges by the edge detector in which zero
Gx  ( z 7  cz 8  z 9 )  ( z1  cz 2  z 3 )
crossings of the second derivative are used. Only the zero
crossings, whose corresponding first derivative is above
Gy  ( z 3  cz 6  z 9 )  ( z1  cz 4  z 7 )
(13)
With the constant c = 2. Further above equation can be some threshold, are selected as edge point in order to avoid
detection of insignificant edges. By using the direction in
written as given below
which zero crossing occurs we can obtain the edge direction
Gx  [ f ( x  1, y  1)  2 f ( x  1, y )  f ( x  1, y  1)]
[14, 28, 29].The LoG (`Laplacian of Gaussian')[30] kernel
 [ f ( x  1, y  1)  2 f ( x  1, y )  f ( x  1, y  1)]
(14)
can be pre-calculated in advance so only one convolution
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needs to be performed at run-time on the image. The 2-D
LoG function [31, 32] centred on zero and with Gaussian
standard deviation σ has the form:

basic archetypes. First objective is low error rate. It is
essential that edges appearing in images should not be
missed and there should be no response to non-edges. The
second archetype is that the edge points be well confined. In
(18)
other words, the distance among the edge pixels as found by
The three dimensional plot given by the LOG function [33] the detector and the actual edge is to be at a minimum. A
looks like Mexican hat as shown in Figure 7.
third archetype is to have only one reaction to a single edge
[18] [35].
Based on these archetype, the canny edge detector first
smoothes image in order to eliminate noise. It then acquires
the image gradient to highlight regions with high spatial
derivatives. The algorithm then tracks along these arena and
suppresses any pixel that is not at the maximum. The
gradient array is now reduced by hysteresis. Hysteresis is
used to mark forward the remaining pixels that have not been
restrained. Hysteresis uses two verges and if the magnitude is
below the first verge, it is set to zero (made a non-edge). If
the Beehive is above the high verge, it is made an edge. And
if the beehive is between the 2 verges, then it is set to zero
lest there is a path from this pixel to a pixel with a gradient
Fig. 7 2-D Laplacian of Gaussian (LoG) function [7]
above 2nd verge [18, 35].
The Canny Edge Detection Algorithm has the following
Unlike the Sobel edge detector, the Laplacian edge
steps:
detector uses only one mask. It can compute second order
Step1 Smooth the image with a two dimensional Gaussian
derivatives in a one pass. The mask used for it is shown in
filters.
In most cases the computation of a two dimensional
Figure 8.
Gaussian is costly, so it is approximated by two one
dimensional Gaussians, one in the x direction and the other
0
1
0
1
1
1
-1 2
-1
in the y direction [33]. Filter out any noise in the original
image before trying to locate and detect any edges.
1 -4
1
1 -8
1
2 -4
2
Step2 Take the gradient of the image. This shows changes
0
1
0
1
1
1
-1 2
-1
in intensity, which signifies the appearance of edges. This in
fact gives two outcomes, the gradient in the x direction and
Fig. 8 Three commonly used discrete approximations to the Laplacian
the gradient in the y direction [33].
filter [7]
You can use either one of these. Or if you want an
improve proximation, you can construct a 5×5 mask (it has a
24 at the middle and everything else is -1).The LoG [27]
kernel can be pre-calculated in advance so only one
convolution needs to be performed at run-time on the image.
In LoG Detection of edges and their orientations are
possible and we can test the wider area around the pixel
which has fixed characteristics [20-26], in all directions so
that it can find the correct places of edges but there is
malfunctioning at corners, curves and where the grey level
intensity function varies and because it uses the Laplacian
filter, LoG is unable to find the orientation of edge[3,6] and
is also sensitivity to noise because of which it does respond
to some of the existing edges.
V. EDGE DETECTION BASED ON THE OPTIMUM DETECTION
The maximum value of image is the gradient of the image
edge. It means the inflection point of the gray image is the
edge. From the mathematical frame of reference, inflection
point of the second derivative of the function is equal to 0.
After detecting this point, whose second derivative is 0 is a
way of edge detection. Canny operator is the example of
edge detection based on the optimum operator [34].
A. Edge Detection Using Canny Operator
The Canny edge detection algorithm is also known as the
optimal edge detector [18, 35]. Canny's intentions were to
appreciate the many edge detectors already out at the time he
started his work [36]. Canny approach is based on three

Step3: Direction of the edge is computed using the
gradient in the x and y directions. Still, an error will be
produced when sum X is set to zero. So in the code there has
to be a limitation set when so ever this happens. The edge
direction is set to 90 degree or 0 degree whenever the
gradient in the x direction is set to 0, rely on what the value
of the gradient in the y-direction is equal to. The edge
direction will be equal to 0 degrees, if Q[i, j] has a value of
zero. Else it is set to 90 degrees [35].
 Q[i, j ] 

 P[i, j ] 

  tan 1 

(19)

Step4: Once the edge direction is recognized, the coming
step is to agnate the edge direction to a direction that can be
marked in an image. So if the pixels of a 5x5 image are
arranged as follows
xxxxx
xxxxx
xxaxx
xxxxx
xxxxx
It can be seen by looking at pixel "a", there are only four
possible directions when describing the surrounding pixels 0 degrees (in the horizontal direction), 45 degrees (adjacent
the actual diagonal), 90 degrees (in the vertical direction), or
135 degrees (adjacent the negative diagonal). So now the
edge position has to be adjudicate into one of these four
directions depending on which direction it is closest to (e.g.
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if the orientation angle is found to be 3 degrees, adjust it zero
degrees). Think of this as taking a semicircle and dividing it
into 5 regions [35].
90
135

45

Figure 9 Edge directions [35]
Therefore, any edge direction falling within the range (0 to
22.5 & 157.5 to 180 degrees) is set to 0 degrees. Any edge
direction lies in the range (22.5 to 67.5 degrees) is equal to
45 degrees. Any edge direction lies in the range (67.5 to
112.5 degrees) is equal to 90 degrees. And lastly, any edge
direction lies within the range (112.5 to 157.5 degrees) is set
to 135 degrees [35].
Step5:Non-Maxima Suppression
Non-maxima suppression traces along the edge direction
and suppresses any pixel value not considered to be an edge
and give a thin line for the edge. This will give a thin line in
the output image [35].
Step6: Thresholding
The method of thresholding used by the Canny Edge
Detector is referred to as "hysteresis" [18, 37]. Hysteresis
thresholding is used to eliminate streaking. It makes use of
both a high threshold and a low verge. If a pixel has a value
above the high verge, it is equal to an edge pixel. If a pixel
has a value above the low threshold and is the neighbour of
an edge pixel, it is equal to an edge pixel as well. If a pixel
has a value above the low verge but is not the neighbour of
an edge pixel, it is not equal to an edge pixel. If a pixel has a
value below the low verge, it is never equal to an edge pixel
[33, 38].
The Canny operator [20-26] uses probability to find error
rate so that it can provide localization and response to
improve signal to noise ratio which gives better detection
especially in noise conditions[18, 19] but Canny is having
complex computations which shows false zero crossing and
is time consuming.
VI. EDGE DETECTION BASED ON ANT COLONY
OPTIMIZATION
Ant colony optimization is a nature-influenced
optimization algorithm, which is motivated by the natural
phenomenon that ants deposit pheromone on the ground in
order to mark or find some favorable path [11].
Ant algorithms are inspired by observing the real ant
colonies. Ants are the amusing insects i.e. insects that live in
colonies and whose behavior is to the survival of the colony
as a whole than to that of directed more a single individual
component of the colony. These social insects have captured
the attention of many scientists because of their colonies can
achieve the high structuring level, especially when they are
compared to the relative simplicity of the colony’s
individuals. Foraging behaviour of ants is an important and
interesting behaviour of ant colonies, and, in particular, how
ants can find the shortest paths between food sources and
their nest.

A substance known as pheromone is deposited by ants on
the ground while walking from food sources to the nest and
vice versa. In this way ants form a pheromone trail. Ants can
odour pheromone and, when exercising their way, they tend
to exercise, in anticipation, aisles marked by strong
concentrations of pheromone. The pheromone trail allows
the ants to find their way back to the food source or to the
nest. It can also be used by the other ants to find the location
of the food sources found by their nest mates [39].
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