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Abstract— Edge detection is an important task in any image
processing application. An edge is a boundary between two
disjoint regions. To recognize any unusual objects or growths
automatically in medical images, medical image segmentation
plays a predominant role and proper edge detection is a crucial
step for efficient medical image segmentation. In this paper
various algorithms based on first order derivatives and second
order derivatives like Sobel algorithm, prewitt algorithm,
Laplacian of Gaussian algorithms , Canny algorithm, algorithms
based on mathematical morphology are studied. These
algorithms are applied on brain MRI image. The investigational
results are shown for detecting edges from a normal brain MRI
image and on a noisy medical image. Results shows that canny
edge detection technique extracts edges well from a brain MRI
image, where as few algorithms of mathematical morphology
perform better in case of detecting edges from noisy medical
images.
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1. INTRODUCTION

Interpretation of image contents is a significant objective in
computer vision and image processing. In order to extract the
outline of an object, we must identify the edges forming that
object, and this detail reveals the constitutional significance of
edge detection in image processing[1]. Edge detection is a
process that finds the presence and location of edges formed
by sharp changes in color intensity of an image. An essential
property of the edge detection method is its ability to take out
the exact edge line with good orientation. Many edge detection
techniques are available. Generally, an edge detection method
can be expressed in three stages. A noise reduction process is
performed in the first stage. Image noise should be condensed
as much as possible, in order to achieve better performance of
edge detection. Noise reduction is usually achieved by
performing a low-pass filter because the additive noise is
normally a high-frequency signal.

However, the edges can possibly be removed at the same time
because they are also high frequency signals. Hence, a
parameter is commonly used to make the best trade-off
between noise reduction and edges information preservation.
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In the second stage, a high-pass filter such as a differential
operator is usually employed to find the edges. In the last
stage, an edge localization process is performed to identify the
genuine edges, which are distinguished from those similar
responses caused by noise.

In this paper various edge detection techniques are studied
on a brain MRI image. Sobel, Prewitt, Robert, Laplacian of
Gaussian, Canny edge detection techniques are applied on
brain MRI image. Along with these techniques various
methods based on mathematical morphology are also applied.
All these techniques are applied on normal brain MRI image
and also on brain image with salt and pepper noise and the
results are analyzed.

The rest of the paper is organized as follows. Section II
discusses various conventional edge detection techniques.
Section III describes edge detection techniques based on
mathematical morphology. Section IV presents the results.
Finally, Section V concludes the paper.

II.  VARIOUS EDGE DETECTION TECHNIQUES:

A.  Sobel Edge Detector:

In image processing , the Sobel Edge Detector is used
particulary within edeg detection algorithms. It is a simple
edge detection technique which uses the 3x3 convolution
masks for detection of edges in horizontal and vertical
directions. The masks are shown in the Fig(1) .Both of these
masks are used to compute the gradient magnitude and
direction [1],[3],[15].
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Figure 1. Sobel Operator Masks
B. Prewitt Edge Detector:

Prewitt Edge detector works almost like Sobel operator but
have the following kernals [1],[3],[15].
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Figure 2. Prewitt Operator Masks
C. Laplacian Edge Detector:

The Laplacian operator is a second order derivative
operator used for edge detection. It is from the zero crossing
category of the edge detection technique. It yields better edge
localization when compared with first order derivative based
edge detection techniques but it is sensitive to noise

[1L.03L[15].

The Laplacian of an image I(x,y) is given as [1]

air  §r
Lz, y) = 3? @

Two commonly used small kernels are shown in Fig(3).
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Figure 3. Laplacian Operator Masks
D. Roberts Edge Detector:
2-D spatial measurement of gradient is performed by Roberts
operator on digital image. It highlights the regions of high

spatial frequency which corresponds to the edges [1],[3] .The
cross convolution masks are shown in Fig(4).
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Figure 4. Roberts Operator Masks

E. Laplacian of Gaussian Edge detector:
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Laplacian of Gaussian edge detector first removes

noise from the image by applying Gaussian operator and then
detects edges by using Laplacian operator [1],[3],[6][15].

Kernel for the LOG operator is shown in fig(5):
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Figure 5. Kernel of LOG operator
F. Canny Edge Detector:

J.F Canny in [14] has proposed an Computational
Approach to Edge Detection which is known as optimal edge
detector .The Canny's intentions were to enhance the many
edge detectors already out at the time he started his work. He
was very successful in achieving his goal and his ideas and
methods can be found in his paper, "An Computational
Approach to Edge Detection ’[14].The algorithm runs in 6
separate steps:

1. Smoothing: Blurring of the image to remove noise

2. Finding gradients: The edges should be marked
where the gradients of the image has magnitudes

3. Direction calculation: In this step, direction of
edge should be calculated.

4. Non maximum suppression: Only local maxima
should be marked as edges

5. Double thresholding: Potential
determined by thresholding.

edges are

6. Edge tracking by hysteresis: Finally edges are
determined by suppressing all edges that are not
connected to very certain (strong) edge .

III. EDGE DETECTION USING MATHEMATICAL
MORPHOLOGY

A Mathematical Morphology works on the basis of a
structuring element. Both image and the structuring element
are treated as sets and makes use of basic set theory concepts.
Basic operations of mathematical morphology are dialation
and erosion. Few edge detecting algorithms are developed
based on these fundamental concepts.
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Structuring element:

Structuring the element is as essential part of dilation
and erosion. It is a matrix consisting of only 0's and 1's that
can have any random shape and size. The pixels with values of
1 define the neighborhood [1].

Size of structuring elements are generally much
smaller than the image being processed [1]. The origin which
is the centre pixel of structuring element , identifies the pixel
being processed. The neighborhood of the structuring element
is defined as the pixels in structuring element containing 1’s.
Three-dimensional structuring elements use 0's and 1's to
define the extent of the structuring element in the x- and y-
planes and add height values to define the third dimension.

The centre pixel of the structuring element, called the
origin, identifies the pixel being processed. The pixels in the
structuring element containing 1's define the neighborhood of
the structuring element. These pixels are also considered in
dilation or erosion processing. Three-dimensional structuring
elements use 0's and 1's to define the extent of the structuring
element in the x- and y-planes and add height values to define
the third dimension.

A. Dilation residue edge operator:

Dilation is one of the two basic operators of
mathematical morphology. It is generally applied to binary
images and on gray scale images. The basic effect of the
operator on a binary image is to gradually enlarge the
boundaries of regions of foreground pixels. Thus areas of
foreground pixels grow in size while holes within those
regions become smaller [9].

Dilation residue edge operator, denoted by Ey(I) is
defined as the differnce between the dilation of I by the
structuring element say ‘B’ and the image set ‘I’.

EqD) = (1DPB)-I
B. Erosion residue edge operator:

Erosion is one of the two basic operators of mathematical
morphology. The basic effect of the operator on a binary
image is to erode away the boundaries of regions of
foreground pixels . Thus areas of foreground pixels shrink in
size, and holes within those areas enlarge[9].

Erosion residue edge operator, denoted by E.(I) is
defined as the differnce between the image set I and the
erosion of ‘I’ by the structuring element say ‘B’.

E()=1- (I®B)
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C. Morphological gradient operator:

Morphological gradient operator [9],[11] , denoted
by G(I) is given by

G()=(1®B)- (10 B).
D. Opening top hat transformation :

The opening top-hat transformation of image I,
denoted by THo (i), is defined as the difference between the
image set I’ and the opening of I by the structured element
‘B’ [4],[8].

THo (I) =1- (IoB).
E. Closing top hat transformation :

The closing top-hat transformation of image I,
denoted by THc (I), is defined as the difference between the
closing of I by the structured element ‘B’ and the image set *
" [4],[8].

THc (I) = (IeB) — L.
F. Edge Detection algorithm proposed by Zhao yu-quain[10 ]:

According to the Edge detection technique
proposed by Zhao yu-quain[10] , Opening-closing operation is
firstly used as pre-processing to filter noise. Then smooth the
image by first closing and then dilation. The perfect image
edge will be got by performing the difference between the
processed image by above process and the image before
dilation. The following is the novel algorithm:

([(TeB)oB] eB) © B-[(1eB)oB]

IV.  RESULTS AND DISCUSSIONS

In this section , results of various edge detection techniques
are compared. Fig(6) is the original brain image. Fig(7),
Fig(8), Fig(9), Fig(10) ,Fig(11) are the results of brain MRI
images processed with sobel, prewitt, Roberts, Laplacian of
guassian and canny edge detection operators.

original image

Sobel edge detection

Figure 6. Original MRI Brain Image  Figure 7. Sobel Edge Detected Image
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more thick in gradient operated image when compared to
canny edge detector.

Prewitt edge detection Roberts edge detection

The following are implementation screen shots of gradient and
algorithem proposed by Zhao yu-quain[10 ].

L b S— L

Figure 8. Prewitt Edge Detected Image Figure 9. Roberts Edge Detected Image

laplacian of guassian Canny edge detection

Figure 14. Implementation screen shot of gradient algorithm.

Figure 10. Log Edge Detected Image Figure 11. Canny Edge Detected Image

Based on the experimental results shown in fig(7),
fig(8), fig(9), we can say that sobel , prewitt and Roberts edge
detection operators are able to detect the edges, but failed to
detect them properly. From fig(10), we can say Laplacian of
Gaussian operator performs better than all previous three
operators. Still at the corners it can’t properly detect the edges.
From fig(11), we can say that canny edge detection operator
performs Well, when compared to all the ‘preVious operators. Figure 15. Implementation screen shot of Zhao yu-quain[10 ] algorithm
As non-maximum suppression takes place in canny edge
detection operator , it results in thin edges. Fig(12) and fig(13)
are the results of images detected with morphological
operators. Fig(12) shows the results of applying gradient
operator on brain MRI image where as fig(13) shows the
results of applying mathematical morphology method referred
by[10].

When all the methods are applied on a brain MRI
image with salt and pepper noise. Fig(16) shows noisy image.
Fig(17), Fig(18), Fig(19) shows that sobel, prewitt and roberts
operators eliminated few of the edges instead of noise.

Noisy image

Sobel edge detection

Gradient Image Edge detected image

Figure 16. Noisy image Figure 17. Sobel edge detection
From noisy image From noisy image

Prewitt edge detection Roberts edge detection

Figurel2 .Gradient edge detected Image Figure 13. Edge Detected Image proposed
by Zhao yu-quain[10 ].

As we can use different stucturing
lements in mathematical morphol an learl
clements e ¢ orpho Og,y’ edges ¢ be cle y Figure 18. Prewitt edge detection Figure 19. Robert edge detection
detected, when compared to all previous methods. Edges are From noisy image From noisy image
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When compared to original salt and pepper noise brain MRI
image , we can see that sobel and prewitt operators have
enhanced the noise.

Canny edge detection

Laplacian of guassian edge detection

Figure 20. Laplacian of Guassian edge
detection From noisy image

Figure 21. Canny edge detection
From noisy image

Fig(20) and Fig(21) shows that Laplacian of Gaussian and
Canny edge detector have detected the edges correctly but
noise is not properly removed.

Gradient Image Edge detected salt and pepper noise image

Figure 22. Gradient edge detection
from noisy image

Figure 23. Edge Detection from noisy
Image Proposed by Zhao yu-quain[10 ].

Fig(22) shows that gradient operator of mathematiacal
morphology also has detected the edges but was unable to
eliminate salt and pepper noise. Where as Mathematical
morphological algorithm referred by Zhao yu-quain[10] has
efficiently removed the noise as shown in Fig(23).

V. CONCLUSIONS

Various edge detection techniques are studied while applying
them on a brain MRI image. Among ‘Sobel’, ‘Prewitt’,
‘Robert’, ‘Laplacian of Guassian’ and ‘Canny’ edge detector
algorithms, ‘Canny’ algorithm performed well for a noiseless
plain brain MRI image. ‘Canny’ algorithm has given thin and
complete edges when compared to the above said other
algorithms. Mathematical morphological algorithms like
gradiant and Zhao yu-quain[10] algorithm also resulted in
complete edge detection. The morphological edge detection
works well in salt and pepper noise than the first order and
second order derivative edge detection technique.
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