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ABSTRACT

Interpretation of image contents is one of the cfijes in computer vision specifically in image
processing. In this era it has received much awesenof researchers. In image interpretation the
partition of the image into object and backgrousdisevere step. Segmentation separates an image in
its component regions or objects. Image segmematiceeds to segment the object from the background
to read the image properly and identify the contfrthe image carefully. In this context, edge clite

is a fundamental tool for image segmentation. s ffaper an attempt is made to study the performanc
of most commonly used edge detection techniqueisnfayze segmentation and also the comparison of
these techniques is carried out with an experinbgnising MATLAB software.
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1. INTRODUCTION

Image segmentation is an essential step in imaglysas. Segmentation separates an image
into its component parts or objects. The level tocl the separation is carried depends on the
problem being solved. When the objects of inteiresin application have been inaccessible the
segmentation must stop. Segmentation algorithms ifftages generally based on the
discontinuity and similarity of image intensity uak. Discontinuity approach is to partition an
image based on abrupt changes in intensity andisityiis based on partitioning an image into
regions that are similar according to a set of gfieed criteria. Thus the choice of image
segmentation technique is depends on the problémg bensidered. Edge detection is a part of
image segmentation. The effectiveness of many inpeigeessing also computer vision tasks
depends on the perfection of detecting meaningfiges. It is one of the techniques for
detecting intensity discontinuities in a digitalage.

The process of classifying and placing sharp dicoities in an image is called the edge
detection. The discontinuities are immediate charigepixel concentration which distinguish
boundaries of objects in a scene. Classical metbb@sige detection engage convolving the
image through an operator, which is constructduktperceptive to large gradients in the image
although returning values of zero in uniform regiofihere is a very large amount of edge
detection techniques available, each techniquegdedito be perceptive to certain types of
edges. Variables concerned in the selection of dge eletection operator consist of Edge
orientation, Edge structure and Noise environm€&he geometry of the operator establishes a
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characteristic direction in which it is most penbep to edges. Operators can be optimized to
look for vertical, horizontal, or diagonal edgedige detection is a difficult task in noisy
images, since both the edges and noise hold highuéncy content. Efforts to reduce the noise
result in unclear and distorted edges. Technigses ©n noisy images are typically larger in
scope; therefore they can common enough data ¢ouhs localized noisy pixels. This results
in less perfect localization of the detected eddést all edges involve a step change in
intensity. Things such as refraction or reducedigocan result in objects through boundaries
defined by a regular change in intensity. The metlvants to be chosen to be receptive to such
a regular change in those cases. So, there are pmhiems of fake edge detection, edge
localization, missing true edges, problems duedisenand high computational time etc. Hence,
the objective is to do the comparison of a variefyedge detections and analyze the
performance of the different techniques in varioosditions.

In this paper an attempt is made to review somthe@fmost commonly used edge detection
techniques for image segmentation and also perfazesof such techniques is carried out for
an image by using MATLAB software. Section 2 intnods the basic concepts that are mostly
employed in the literature. Section 3 provides mpeehensive theoretical and mathematical
background for edge detection and explains diffecemputing approaches to edge detection.
Section 4 presents the comparison of various edtgetion techniques with an image. Section
5 contains a quick discussion about the revieweiksvas well as conclusion.

2. IMAGE SEGMENTATION

Image Segmentation is the process of partitioniigaal image into multiple regions or sets
of pixels. Essentially, in image partitions arefeliént objects which have the same texture or
color. The image segmentation results are a setgibns that cover the entire image together
and a set of contours extracted from the image.ofthe pixels in a region are similar with
respect to some characteristics such as colornsitye or texture. Adjacent regions are
considerably different with respect to the sameviddality. The different approaches are (i)
by finding boundaries between regions based onodiswities in intensity levels, (ii)
thresholds based on the distribution of pixel progs, such as intensity values, and (iii) based
on finding the regions directly. Thus the choicenofge segmentation technique is depends on
the problem being considered.

Region based methods are based on continuity. Tieebeiques divide the entire image into
sub regions depending on some rules like all tRelpiin one region must have the same gray
level. Region-based techniques rely on common ipesti@ intensity values within a cluster of
neighboring pixels. The cluster is referred to las tegion in addition to group the regions
according to their anatomical or functional rolag #he goal of the image segmentation.
Threshold is the simplest way of segmentation. ggshresholding technique regions can be
classified on the basis range values, which isiegpb the intensity values of the image pixels.
Thresholding is the transformation of an input imdg an output that is segmentated binary
image. Segmentation Methods based on finding theme directly find for abrupt changes in
the intensity value. These methods are called ag Kt Boundary based methods. Edge
detection is the problem of fundamental importariceimage analysis. Edge detection
techniques are generally used for finding discaiitiés in gray level images. To detect
consequential discontinuities in the gray levelgmas the important common approach in edge
detection. Image segmentation methods for detedtiisgontinuities are boundary based
methods.
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3. EDGE DETECTION TECHNIQUES

The edge representation of an image significamttjuces the quantity of data to be processed,
yet it retains essential information regardingshapes of objects in the scene. This explanation
of an image is easy to incorporate into a largewarhof object recognition algorithms used in
computer vision along with other image processipgliaations. The major property of the
edge detection technique is its ability to extrénet exact edge line with good orientation as
well as more literature about edge detection has b&ailable in the past three decades. On the
other hand, there is not yet any common performalireetory to judge the performance of the
edge detection techniques. The performance of ga ddtection techniques are always judged
personally and separately dependent to its appitat

Edge detection is a fundamental tool for image ssdation. Edge detection methods
transform original images into edge images bendfam the changes of grey tones in the
image. In image processing especially in compuigion, the edge detection treats the
localization of important variations of a gray leimage and the detection of the physical and
geometrical properties of objects of the scenis # fundamental process detects and outlines
of an object and boundaries among objects andablegbound in the image. Edge detection is
the most familiar approach for detecting significdiscontinuities in intensity values.

Edges are local changes in the image intensitye&tigpically occur on the boundary between
two regions. The main features can be extracted flee edges of an image. Edge detection has
major feature for image analysis. These features wmed by advanced computer vision
algorithms. Edge detection is used for object diteovhich serves various applications like
medical image processing, biometrics etc. Edgectieteis an active area of research as it
facilitates higher level image analysis. There three different types of discontinuities in the
grey level like point, line and edges. Spatial nsas&n be used to detect all the three types of
discontinuities in an image.

There are many edge detection techniques in theafiire for image segmentation. The most
commonly used discontinuity based edge detectichnigques are reviewed in this section.
Those techniques are Roberts edge detection, $miggd Detection, Prewitt edge detection,
Kirsh edge detection, Robinson edge detection, Middreth edge detection, LoG edge

detection and Canny Edge Detection.

3.1. Roberts Edge Detection

The Roberts edge detection is introduced by LavedRaberts (1965). It performs a simple,

quick to compute, 2-D spatial gradient measurenoenin image. This method emphasizes
regions of high spatial frequency which often cspand to edges. The input to the operator is
a grayscale image the same as to the output imise common usage for this technique. Pixel
values in every point in the output represent tsiarated complete magnitude of the spatial
gradient of the input image at that point.

-1 0 0 -1
0 +1 +1 0

G G
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3.2. Sobel Edge Detection

The Sobel edge detection method is introduced lelSa 1970 (Rafael C.Gonzalez (2004)).
The Sobel method of edge detection for image setatien finds edges using the Sobel
approximation to the derivative. It precedes thgesdat those points where the gradient is
highest. The Sobel technique performs a 2-D spagtiatlient quantity on an image and so
highlights regions of high spatial frequency thatrespond to edges. In general it is used to
find the estimated absolute gradient magnitudeaah eoint in n input grayscale image. In
conjecture at least the operator consists of agieBx3 complication kernels as given away in
under table. One kernel is simply the other rotatgd®C. This is very alike to the Roberts
Cross operator.

1] 2] 1 1] 0] 1

0 0] 0 2| 0] 2

+1 | +2 | +1 1] 0] +1
G G

3.3. Prewitt Edge Detection

The Prewitt edge detection is proposed by Prewift970 (Rafael C.Gonzalez [1]. To estimate
the magnitude and orientation of an edge Prewitd isorrect way. Even though different
gradient edge detection wants a quite time congsgiicafculation to estimate the direction from
the magnitudes in the x and y-directions, the caspadge detection obtains the direction
directly from the kernel with the highest resporisés limited to 8 possible directions; however
knowledge shows that most direct direction estisyate not much more perfect. This gradient
based edge detector is estimated in the 3x3 neigbbd for eight directions. All the eight
convolution masks are calculated. One complicati@sk is then selected, namely with the
purpose of the largest module.

-1 -1 -1 -1 0 +1

0 0 0 -1 0 +1

+1 +1 +1 -1 0 +1
Gy G

Prewitt detection is slightly simpler to implemeaamputationally than the Sobel detection, but
it tends to produce somewhat noisier results.

3.4. Kirsch Edge detection

Kirsch edge detection is introduced by Kirsch (97he masks of this Kirsch technique are

defined by considering a single mask and rotatirtg ight main compass directions: North,

Northwest, West, Southwest, South, Southeast, &abtNortheast. The masks are distinct as
follows:
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ko K k ks
-3 -3 5 -3 5 5 5 5 5 5 5 -3
=-3 0 5 NE=-3 0 5 N=-3 0 -3 NW= 5 0 -3
-3 -3 5 -3 -3 -3 -3 -3 -3 -3 -3 -3
k 5K 6K 7k

5 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 5
wW=5 0 -3 SW=5 0 -3 S=-3 0 -3 SE= -3 0 5
5 -3 -3 5 5 -3 5 5 5 -3 5 5

The edge magnitude is defined as the maximum valwed by convolution of each mask with
the image. The direction is defined by mask thatipces the maximum magnitude. Example,
mask k corresponds to a vertical edge, while maskdtresponds to a diagonal edge. Notice
that the last four masks are actually the sambeafirst four, but flipped about a central axis.

3.5. Robinson Edge detection

The Robinson methofRobinson 1977) is similar to Kirsch masks but asier to implement
because they rely only on coefficients of 0, 1 @dhe masks are symmetrical about their
directional axis, the axis with the zeros. One namlgl to compute the result on four masks and
the result from other four can be obtained by riagate result from the first four. The masks
are as follows:

o n ) B
-1 0 1 0 1 2 1 2 1 2 1 O
E=-2 0 2 NE= -1 0 1 N= 0 0 O NW=1 0 -1
-1 0 1 -2 -10 -1 -2 -1 0 -1 -2
i 5T 6F 7T
1 0 -1 0 -1 -2 -1 -2 -1 -2 -10
W=20 -2 Sw=1 0 -1 S= 0 0 O SE= -1 0 1
1 0 -1 2 1 0 1 2 1 0 1 2

The magnitude of the gradient is the maximum vaaimed from applying all eight masks to
the pixel neighborhood, and the angle of the gradian be approximated as the angle of the
line of zeroes in the mask yielding the maximunpoese.

3.6. Marr-Hildreth Edge Detection

The Marr-Hildreth (1980) technique is a method etfedting edges in digital images that is
continuous curves wherever there are well-built fa®d variations in image brightness. It is a
easy and it operates by convolving the image with toG function, or, as a quick

approximation by DoGs. Subsequently the zero-cngssare discovered in the filtered result to
find the edges. The LoG method is sometimes as nefdired to as the Mexican hat wavelet

due to its image shape while turned up-side-dowigothm for the Marr-Hildreth edge
detector is:
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Smooth the image using a Gaussian

Apply a two-dimensional Laplacian to the smoothedge (often the first two steps are
combined into a single operation)

Loop through the result and look for sign chang#sthere is a sign change plus the
slope across the sign change is greater than soeshbld, mark as an edge.

To get better results it is possible to run theiltesf the Laplacian through a hysteresis
alike to Canny’s edge detection although this ishaw the edge detector was firstly
implemented.

3.7. LoG edge detection

The Laplacian of Gaussian (LoG) was proposed byr(#1882). The LoG of an image f(x,i9
a second order derivative defined as,

2 2
)l I Ml z
ixs Ty
It has two effects, it smoothes the image and mmates the Laplacian, whch yields a double-
edge image. Locating edges then consists of fintliegzero crossings between the double

edges. The digital implementation of the Lapladiamction is usually made through the mask
below,

NZf =

0| -1 0 -1 -1 -1

-1 4 -1 -1 8 -1

0] -1 0 1] -1 -1
G

The Laplacian is generally used to found whetheixal is on the dark or light side of an edge.

3.8. Canny Edge Detection

In industry, the Canny edge detection techniqueong of the standard edge detection
techniques. It was first created by John CannyhieMaster’s thesis at MIT in 1983, and still
outperforms many of the newer algorithms that hbeen developed. To find edges by
separating noise from the image before find eddeisnage the Canny is a very important
method. Canny method is a better method withoutidis g the features of the edges in the
image afterwards it applying the tendency to find €dges and the serious value for threshold.
The algorithmic steps are as follows:

Convolve image f(r, c) with a Gaussian functiorgéd smooth image f(r, c).

A(r, c)=f(r,c)*G(r,c,6)

Apply first difference gradient operator to compat®ge strength then edge magnitude
and direction are obtain as before.

Apply non-maximal or critical suppression to thadjent magnitude.

Apply threshold to the non-maximal suppression ieag

Unlike Roberts and Sobel, the Canny operation israry susceptible to noise. If the Canny
detector worked well it would be superior.
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4. EXPERIMENTAL RESULT

This section presents the relative performanceanfous edge detection techniques such as
Roberts edge detector, Sobel Edge Detector, Predgé detector, Kirsch, Robinson, Marr-
Hildreth edge detector, LoG edge detector and C&uge Detector.

The edge detection techniques were implemented) MATLAB R2009a, and tested with an
image (Bharathiar University). The objective isptmduce a clean edge map by extracting the
principal edge features of the image. The originagage and the image obtained by using
different edge detection techniques are givengarf.

Original Roberts Sobel

Prewitt Robinson

Marr-Hildreth LoG Canny
Figure: Original Image with the result of varicedge detection techniques

Roberts, Sobel and Prewitt results actually deglidtem the others. Marr-Hildreth, LoG and
Canny produce almost same edge map. Kirsch anchBarbiedge maps are almost same. It is
observed from the figure, Canny result is supdiofar to the other results.
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5. CONCLUSION

In the discipline of computer vision, image prodegss a quickly moving field. Its growth has
been fueled by technological advances in digitahgng, computer processors and mass
storage devices. In this paper an attempt is nadeview the edge detection techniques which
are based on discontinuity intensity levels. THatiee performance of various edge detection
techniques is carried out with an image by usingTMAB software. It is observed from the
results Marr-Hildreth, LoG and Canny edge detecpmluce almost same edge map. Canny
result is superior one when compared to all foeladded image since different edge detections
work better under different conditions. Even though many edge detection techniques are
available in the literature, since it is a challeggask to the research communities to detect the
exact image without noise from the original image.
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