Signal & Image Processing : An International Journal (SIPIJ) Vol.4, No.3, June 2013

ALGORITHM AND TECHNIQUE ON VARIOUS
EDGE DETECTION: A SURVEY

Rashmi 1, Mukesh Kumarz, and Rohini Saxena’

Department of Electronics and Communication Engineering,
SHIATS- Allahabad, UP.-India

mukesh044@gmail.com, rasmishubh@gmail.com

ABSTRACT

An edge may be defined as a set of connected pixels that forms a boundary between two disjoints regions.
Edge detection is basically, a method of segmenting an image into regions of discontinuity. Edge detection
plays an important role in digital image processing and practical aspects of our life. .In this paper we
studied various edge detection techniques as Prewitt, Robert, Sobel, Marr Hildrith and Canny operators.
On comparing them we can see that canny edge detector performs better than all other edge detectors on
various aspects such as it is adaptive in nature, performs better for noisy image, gives sharp edges , low
probability of detecting false edges etc.
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1. INTRODUCTION

Digital image processing is meant for processing digital computer. It is the use of computer
algorithm to perform image processing on digital images. It is a technology widely used for
digital image operations like feature extraction, pattern recognition, segmentation, image
morphology etc. Edge detection is a well developed field on its own within image processing.
Edge detection is basically image segmentation technique, divides spatial domain, on which the
image is defined, into meaningful parts or regions. Edges characterize boundaries and are
therefore a problem of fundamental importance in image processing. Edges typically occur on the
boundary between two different regions in an image. Edge detection allows user to observe those
features of an image where there is a more or less abrupt change in gray level or texture
indicating the end of one region in the image and the beginning of another. It finds practical
applications in medical imaging, computer guided surgery diagnosis, locate object in satellite
images, face recognition, and finger print recognition ,automatic traffic controlling systems, study
of anatomical structure etc. Many edge detection techniques have been developed for extracting
edges from digital images .Gradient based classical operators like Robert, Prewitt, Sobel were
initially used for edge detection but they did not give sharp edges and were highly sensitive to
noise image .Laplacian based Marr Hildrith operators also suffers from two limitations : high
probability of detecting false edges and the localization error may be severe at curved edges but
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algorithm proposed by John F. Canny in 1986 is considered as the ideal edge detection algorithm
for images that are corrupted with noise. Canny's aim was to discover the optimal edge detection
algorithm which reduces the probability of detecting false edge, and gives sharp
edges.[11[2][3][4][5].

1.1 Edge detection

Edge detection is a basic tool used in image processing, basically for feature detection and
extraction, which aim to identify points in a digital image where brightness of image changes
sharply and find discontinuities. The purpose of edge detection is significantly reducing the
amount of data in an image and preserves the structural properties for further image processing.
In a grey level image the edge is a local feature that, with in a neighborhood separates regions in
each of which the gray level is more or less uniform with in different values on the two sides of
the edge. For a noisy image it is difficult to detect edges as both edge and noise contains high
frequency contents which results in blurred and distorted result.

1.2 Different edge detection methodologies [1]

Edge detection makes use of differential operators to detect changes in the gradients of the grey
levels. It is divided into two main categories:
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Figure 1 Types of edge detector

66



Signal & Image Processing : An International Journal (SIPIJ) Vol.4, No.3, June 2013

2. FIRST ORDER EDGE DETECTION OR GRADIENT BASED EDGE
OPERATOR: [1]

It is based on the use of a first order derivative, or can say gradient based. If I (i , j) be the input
image, then image gradient is given by following formula

oI(i,j) . 0I(i,j
VIGL)) =1 ( J)+j )

di aj
IL,j) . .. . L )
Where: TR the gradient in the i direction.
oI(i,j . . . .. .
% is the gradient in the j direction.

The gradient magnitude can be computed by the formula:

o1=JG) + ()

OR |G| = /Giz + G}

The gradient magnitude can be computed by the formula:

0= arctan(Gj/Gi).

The magnitude of gradient computed above gives edge strength and the gradient direction is
always perpendicular to the direction of edge.

2.1 Classical operators

Robert, Sobel , Prewitt are classified as classical operators which are easy to operate but highly
sensitive to noise.

2.1.1 Robert operator [1]

It is gradient based operator. It firstly computes the sum of the squares of the difference between
diagonally adjacent pixels through discrete differentiation and then calculate approximate
gradient of the image. The input image is convolved with the default kernels of operator and
gradient magnitude and directions are computed. It uses following 2 x2 two kernels:

Dx:[(l) —01] And Dy:[—o1 (1)]
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The plus factor of this operator is its simplicity but having small kernel it is highly sensitive to
noise not and not much compatible with today’s technology.

2.1.2 Sobel operator [1]

Sobel operator is a discrete differentiation operator used to compute an approximation of the
gradient of image intensity function for edge detection. At each pixel of an image, sobel operator
gives either the corresponding gradient vector or normal to the vector. It convolves the input
image with kernel and computes the gradient magnitude and direction. It uses following 3x3 two
kernels:

-1 0 +1 -1 0 +1
Di=|(-2 0 +2| And D;j=|-2 0 +2
-1 0 +1 -1 0 +1

As compared to Robert operator have slow computation ability but as it has large kernel so it is
less sensitive to noise as compared to Robert operator. As having larger mask, errors due to
effects of noise are reduced by local averaging within the neighborhood of the mask.

2.1.3 Prewitt operator [1][2]

The function of Prewitt edge detector is almost same as of sobel detector but have different
kernels:

-1 0 +1 +1 41 +1
Di=|-1 0 +1| And D;={0 0 0
-1 0 +1 -1 -1 -1

Prewitt edge operator gives better performance than that of sobel operator.
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2.1.4 Flow chart of general algorithm for classical operators
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Figure 2

2.2 Canny edge detector [1] [2][3] [4][5]

Canny edge detector have advanced algorithm derived from the previous work of Marr and
Hildreth. It is an optimal edge detection technique as provide good detection, clear response and
good localization. It is widely used in current image processing techniques with further
improvements.
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2.2.1 Flow chart of canny edge detection algorithm
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Figure 3

2.2.2 Canny edge detection algorithm
STEP I: Noise reduction by smoothing

Noise contained in image is smoothed by convolving the input image I (i, j) with Gaussian filter
G. Mathematically, the smooth resultant image is given by

F@Q,j)=G*1(, )

Prewitt operators are simpler to operator as compared to sobel operator but more sensitive to
noise in comparison with sobel operator.
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STEP II: Finding gradients

In this step we detect the edges where the change in grayscale intensity is maximum. Required
areas are determined with the help of gradient of images. Sobel operator is used to determine the
gradient at each pixel of smoothened image. Sobel operators in i and j directions are given as

-1 0 +1 +1 +2 +1
Di=|(-2 0 +2| And Dj=10 0 0
-1 0 +1 -1 -2 -1

These sobel masks are convolved with smoothed image and giving gradients in i and j directions.

Therefore edge strength or magnitude of gradient of a pixel is given by

G = /Giz + G}

The direction of gradient is given by 8 = arctan (LGJ)
G; And G; are the gradients in the i- and j-directions respectively.

STEP III: Non maximum suppressions:

Non maximum suppression is carried out to preserves all local maxima in the gradient image, and

deleting everything else this results in thin edges. For a pixel M (1, j):

e Firstly round the gradient direction 6 nearest45°,then compare the gradient magnitude of the
pixels in positive and negative gradient directions i.e. If gradient direction is east then
compare with gradient of the pixels in east and west directions say E (i, j) and W (i, j)
respectively.

e If the edge strength of pixel M (i, j) is largest than that of E (i, j) and W (i, j), then preserve
the value of gradient and mark M (i, j) as edge pixel, if not then suppress or remove.

STEP 1V: Hysteresis thresholding:

The output of non-maxima suppression still contains the local maxima created by noise. Instead
choosing a single threshold, for avoiding the problem of streaking two thresholds ty;g, and t,,
are used.

For a pixel M (i, j) having gradient magnitude G following conditions exists to detect pixel as
edge:

» It G<ty, than discard the edge.

> If G > than tp; 4, keep the edge.

» If tjow < G < andty;gp and any of its neighbors in a 3 X3 region around it have gradient
magnitudes greater thanty; gy, keep the edge.
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» If none of pixel (X, y)’s neighbors have high gradient magnitudes but at least one falls
between ¢y, and,ty;g, search the 5 X 5 region to see if any of these pixels have a

magnitude greater than thigh. If so, keep the edge.
» Else, discard the edge.

3. SECOND ORDER EDGE DETECTOR [1]

It is based on second order derivative, in particular, the Laplacian [2.In this operator a pixel is
marked as an edge at a position where second derivative of an image becomes zero. The laplacian
operator 2 for a 2D image I (i, j) is defined by following formula:

v2=1(i,§) =il(i ) +i1(i i)
) =32 100) + 2516

3.1 Laplacian of Gaussian or Marr Hildrith operator [3]

The Marr-Hildreth edge detector was a very popular edge operator before Canny proposed his
algorithm. It is a gradient based operator which uses the Laplacian to take the second derivative
of an image. It works on zero crossing method. It uses both Gaussian and laplacian operator so
that Gaussian operator reduces the noise and laplacian operator detects the sharp edges.

The Gaussian function is defined by the formula:

1 ox _(i2+j2)
V2Ilo? p 202

G@j=

Where, o is standard deviation? And the LoG operator is computed from

i2+j?

202
202 )

_0% . 0% Lo P4 _
LOG _a 2 G(I'l_]) + ajz G(l,]) - o4 eXp(

i

The Marr—Hildreth operator, however, suffers from two main limitations. It generates responses
that do not correspond to edges, so-called "false edges", and the localization error may be severe
at curved edges.
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3.1.1 Flow chart of general algorithm for Laplacian of Gaussian operator
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Figure 4

3.1.2 Advantages of canny edge detection algorithm. [1] [2] [3]

On analyzing all these edge detection techniques , it is found that canny gives optimum edge
detection .Following are the some points throwing light on the advantages of canny edge detector
as compared to other detectors discussed in this paper:

1.

Less Sensitive to noise: As compared to classical operators like Prewitt, Robert and Sobel
canny edge detector is less sensitive to noise. Its uses Gaussian filter which removes noise at
a great extent as compared to above filters. LoG operator is also highly sensitive to noise as
differentiate twice in comparison to canny operator.

Remove streaking problem: The classical operators’ like Robert uses single thresholding
technique but it results into streaking. Streaking means, if the edge gradient just above and
just below the set threshold limit it removes the useful part of connected edge, and leave the
disconnected final edge. To overcome from this drawback canny detector uses ‘hysteresis’
technique which uses two threshold values ¢, and tp;g, as discussed above in canny

algorithm.

Adaptive in nature: Classical operator have fixed kernels so cannot be adapted to a given
image. While the performance of canny algorithm depends on variable or adjustable
parameters like o which is thestandard deviation of Gaussian filter and threshold values t;,,,
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and tp;gp.Smaller the value of o results smaller Gaussian filter in turns results in finer edges.
So user can changes these parameters and can improve the result of canny algorithm.

4. Good localization: LoG operators cannot find edge orientation while canny operator
provides edge gradient orientation which results into good localization.

4. CONCLUSION

In this paper we have studied and evaluate different edge detection techniques. We have seen that
canny edge detector gives better result as compared to others with some positive points. It is less
sensitive to noise, adaptive in nature, resolved the problem of streaking, provides good
localization and detects sharper edges as compared to others. It is consider as optimal edge
detection technique hence lot of work and improvement on this algorithm has been done and
further improvements are possible in future as an improved canny algorithm can detect edges in
color image without converting in gray image[6], improved canny algorithm for automatic
extraction of moving object in the image guidance[7] . It finds practical application in Runway
Detection and Tracking for Unmanned Aerial Vehicle [8], in brain MRI image [9] , cable
insulation layer measurement[10], Real-time facial expression recognition[11], edge detection of
river regime[12], Automatic Multiple Faces Tracking and Detection[13].Canny edge detection
technique is used in license plate reorganization system which is an important part of intelligent
traffic system (ITS), finds practical application in traffic management, public safety and military
department [14]. It also finds application in medical field as in ultrasound, x —rays etc.
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