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Abstract
Edge detection is a fundamental tool, which iswmnly used in many image processing applications t

obtain information from images. Edge detection sigantly reduces the amount of data and filter$ oseless
information, while preserving the important struaeluproperties in an image. Since edge detectia flse forefront
of image processing for object detection, it isc@lto have a good understanding of edge detectiethods.
Detection of edge is a terminology in image procgsand computer vision mainly in the areas ofdeatetection
and extraction to refer to the algorithms which siat identifying points in a digital image at whitte image
brightness changes sharply or more formally hasodisnuities. In this paper, classified and comafige study of
edge detection algorithms on digital image and &/sl&rames are presented. Experimental resultsepittat Canny
operator is better than Prewitt and Sobel for #leced frames. This paper evaluates the perforenah€anny,
Sobel and Prewitt Edge Detector for detection geabin frames. The software is developed using MAB

R2010a.It has been observed that the Canny opagates the best results in comparison to the SabélPrewitt

operator.

I ntroduction
Digital image processing is the use of computer
algorithms to perform image processing on digital
images. Digital image processing has the same
advantages (over analog image processing) as ldigita
signal processing has (over analog signal procgpssin
allows a much wider range of algorithms to be aapto
the input data, and can avoid problems such abuta-
up of noise and signal distortion during processing
Interpretation of image contents is a significant
objective in computer vision and image processire
separation of the image into object and the backupas
a critical step in image interpretation [1]. An edgay
be regarded as boundary between two dissimilannsgi
in an image .The boundaries of object surfacessceae
often lead to oriented localized changes in intgri an
image, called edges. Edge detection is a process th
detects the presence and location of edges cdestiby
sharp changes in color intensity (or brightness)aof
image. Since, it can be proven that the discorttamiin
image brightness are likely to correspond to:
discontinuities in depth, discontinuities in sudac
orientation, changes in material properties andatians
in scene illumination. Generally, an edge detection
method can be divided into three stages. In tis¢ diage,
a noise reduction process is performed. This noise
reduction is usually achieved by performing a loas$
filter because the additive noise is normally ahhig
frequency signal. However, the edges can possibly b
removed at the same time because they are alse high
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frequency signals. Hence, a parameter is commasdd u
to make the best trade-off between noise reduciiuh
edges information preservation. In the second stage
high-pass filter such as a differential operatoussially
employed to find the edges. In the last stage, dgee
localization process is performed to identify thengine
edges, which are distinguished from those similar
responses caused by noise [2].

This paper is organized as follows. Section | is
for the purpose of providing some basic information
about edge detection in Image Processing. Secfion |
focuses on showing the different classical appreadh
edge detection .Section Ill focused on a comparison
various Edge Detection Methods. Section IV prestrds
conclusion.

Basic for Edge Detection

For Computer vision and Image processing
Systems to Interpret an Image, they first mustlide
detect the edges of each object in the image. Edge
detection techniques transform images into edgg@sa
benefiting from the changes of gray tones in thages.
As a result of this transformation, edge imagebsaimed
without encountering any changes in the physical
qualities of the main image [3] [4].

In an image with different gray levels, despite
an obvious change in the gray levels of the objt,
shape of the image can be distinguished.
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An Edge in an image is a significant local
change in the image intensity, usually associatald a
discontinuity in either the image intensity or tfiest
derivative of the image intensity. Discontinuitigsthe
image intensity can be either Step edge, wheréntbge
intensity abruptly changes from one value on ode sff
the discontinuity to a different value on the opposide,
or Line Edges, where the image intensity abruptly
changes value but then returns to the startingevalu
within some short distance[5]. However, Step andeLi
edges are rare in real images. Because of low drexyu
components or the smoothing introduced by most
sensing devices, sharp discontinuities rarely eriseal
signals. Step edges become Ramp Edges and Lines Edge
become Roof edges, where intensity changes are not
instantaneous but occur over a finite distance [7].
lllustrations of these edge shapes are shown il Fig
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a particular application. Therefore, some methooukh

be used to determine which points are edge points.
Frequently, thresholding provides the criterionduser
detection [6].

Classical Approachesto Edge Detection

Classical edge detectors are only based on a
discrete differential operator. The earliest popwarks
in this category include the algorithms developed b
Sobel (1970), Prewitt (1970), Kirsch (1971), Robims
(1977), and Frei-Chen (1977). They compute an
estimation of the gradient for the pixels, and Idok
local maxima to localize step edges. The detailshef
methods as follows
1) Roberts Operator

The Roberts Cross operator performs a simple,
quick to compute, 2-D spatial gradient measurenoent
an image. It thus highlights regions of high spatia
frequency which often correspond to edges. In itstm
common usage, the input to the operator is a gadg/sc
image, as is the output. Pixel values at each poittie
output represent the estimated absolute magnittitieeo
spatial gradient of the input image at that po@jt [

+1

+1 ] 0 0

(c) (d)
Figure 1. Type of Edges (a) Step Edge (b) Ramp Edge (c)
Line Edge (d) Roof Edge

A. Stepsin Edge Detection

Edge detection contains three steps namely
Filtering, Enhancement and Detection. The overvigw
the steps in edge detection is as follows.
Filtering

Images are often corrupted by random
variations in intensity values, called noise. Some
common types of noise are salt and pepper noise,
impulse noise and Gaussian noise. Salt and pemise n
contains random occurrences of both black and white
intensity values. However, there is a trade-offnlsen
edge strength and noise reduction. More filtering t
reduce noise results in a loss of edge strength.
Enhancement

In order to facilitate the detection of edgessit i
essential to determine changes in intensity in the
neighborhood of a point. Enhancement emphasizes
pixels where there is a significant change in local
intensity values and is usually performed by conmgut
the gradient magnitude.
Detection

Many points in an image have a nonzero value
for the gradient, and not all of these points algirey for
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Figure. 2. Roberts Mask

The operator consists of a pair of 2x2
convolution kernels as shown in Figure 2. One Keise
simply the other rotated by 90°. These kernels are
designed to respond maximally to edges running5at 4
to the pixel grid, one kernel for each of the two
perpendicular orientations. The kernels can be iegpl
separately to the input image, to produce separate
measurements of the gradient component in each
orientation (call thes&x and Gy). These can then be
combined together to find the absolute magnitudéhef

gradient at each point and the orientation of gnatient.
——

The gradient magnitude is given By= +/ Gx? + Gy?
The angle of orientation of the edge giving ris¢he
spatial gradient (relative to the pixel grid origtidn) is
given by:6 =arc tanGy /Gx) - 3n / 4
2) Sobel Operator
Sobel edge detection is wused in image
processing techniques .The Sobel kernels are more
suitable to detect edges along the horizontal defree)
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and vertical axis (90 degree) [9]. The Sobel opera
based on convolving the image with a small separabl
and integer valued filter.

-1 0| +1 +1 | +2 | +1

210 |+2 g0 |0

=1 0| =1 =1 | -2 |-
Gx Gy

Figure. 3. Sobel M ask

The operation consists of a pair of 3x3
convolution kernels as shown in Figure 3. One Keise
simply the other rotated by 90°. These kernels are
designed to respond maximally to edges running
vertically and horizontally relative to the pixelidy one
kernel for each of the two perpendicular orientaio
The kernels can be applied separately to the iimpage,
to produce separate measurements of the gradient
component in each orientation (call thegSe and Gy).
These can then be combined together to find thelaties
magnitude of the gradient at each point and the
orientation of that gradient. The gradient magrétus

given byG = ./ Gx + Gy'?

Typically, an approximate magnitude is computedhaisi
G = Gx + Gy which is much faster to compute.
The angle of orientation of the edge (relativehe pixel
grid) giving rise to the spatial gradient is givan
6 = arc tan Gy /GX)
3) Prewitt Operator

The Prewitt edge detector is an appropriate way
to estimate the magnitude and orientation of aneedg
Although the differential gradient edge detecti@eds a
rather time consuming calculation to estimate the
orientation from the magnitudes in the x and y-
directions, the compass edge detection obtain the
orientation directly from the kernel with the maxim
response.

=1 | +1 | +1 +1 | +1 |+1

=1 -2 | +1 -1 -2 | +1

S Y -1 -1 [+
DI": 45..

Figure. 4. Prewitt Mask
The Prewitt operator is limited to 8 possible
orientations, however experience shows that mastcdi
orientation estimates are not much more accurates T
gradient based edge detector is estimated in tt& 3x
neighborhood for eight directions. All the eight
http: // www.ijesrt.com
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convolution masks are calculated. One convoluti@skn
is then selected, namely that with the largest reof8].
4) Canny Edge Detection Algorithm

The Canny edge detection algorithm is known
to many as the optimal edge detector. Canny's tioten
had been to enhance the many edge detectors aloeady
at the time he started his work. He was very sisfabm
achieving his goal and his ideas and methods can be
found in his paper, "A Computational Approach toggd
Detection"[10]. In his paper, he followed a listafteria
to improve current methods of edge detection. Tirst f
and most obvious is low error rate. It is importémdt
edges occurring in images should not be missedfzaid
there be no responses to non-edges. The secoadarit
is that the edge points are well localized. In ptlerds,
the distance between the edge pixels as found &y th
detector and the actual edge is to be at a minimim.
third criterion is to have only one response toirals
edge. This was implemented because the first twe we
not substantial enough to completely eliminate the
possibility of multiple responses to an edge. Based
these criteria, the canny edge detector first shemthe
image to eliminate and noise. It then finds the gema
gradient to highlight regions with high spatial
derivatives. The algorithm then tracks along these
regions and suppresses any pixel that is not at the
maximum (nonmaximum suppression). The gradient
array is now further reduced by hysteresis. Hysieris
used to track along the remaining pixels that have
been suppressed. Hysteresis uses two threshold# and
the magnitude is below the first threshold, ites t® zero
(made a non edge). If the magnitude is above tha hi
threshold, it is made an edge. And if the magnitigde
between the 2 thresholds, then it is set to zerdessn
there is a path from this pixel to a pixel with madjent
above T2.
Step 1: - In order to implement the canny edge detector
algorithm, a series of steps must be followed. Titst
step is to filter out any noise in the original igeabefore
trying to locate and detect any edges. And bectuse
Gaussian filter can be computed using a simple mask
is used exclusively in the Canny algorithm. Once a
suitable mask has been calculated, the Gaussian
smoothing can be performed using standard conwesiuti
methods. A convolution mask is usually much smaller
than the actual image. As a result, the mask isasleer
the image, manipulating a square of pixels at & tifthe
larger the width of the Gaussian mask, the lowehés
detector's sensitivity to noise. The localizationoe in
the detected edges also increases slightly as disg@n
width is increased.
Step 2: - After smoothing the image and eliminating the
noise, the next step is to find the edge strengttaking
the gradient of the image. The Sobel operator pasa
2-D spatial gradient measurement on an image. Tthen,
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approximate absolute gradient magnitude (edge gitngn
at each point can be found. The Sobel operatongé} a
pair of 3x3 convolution masks, one estimating the
gradient in the x-direction (columns) and the other
estimating the gradient in the y-direction (row§hey
are shown below:

=3 g ¥ =43 =}
Gr=1—2 4§ 2 G=0 0 0
=t 4 I 1 2 &

The magnitude, or edge strength, of the gradiethéds
approximated using the form

G| =/GX* + Gy’ =|GX +|Gy|

Step 3: - The direction of the edge is computed using the
gradient in the x and y directions. However, amewill
be generated when sum x is equal to zero. So indte
there has to be a restriction set whenever thisstalace.
When-ever the gradient in the x direction is eqtaml
zero, the edge direction has to be equal to 90egsgor O
degrees, depend-ing on what the value of the gnadie
the y-direction is equal to. If Gy has a value efq, the
edge direction will equal 0 degrees. Otherwisedtige
direction will equal 90 degrees. The method fodifiry
the edge direction is just:

@= tan’l(ﬂ)
Gx

Step 4: - Once the edge direction is known, the next step
is to relate the edge direction to a direction tte be
traced in an image. So if the pixels of a 5x5 image
aligned as follows:

X X X X X

XX XXX

XXaxx

XX XXX

XX XX X

Then, it can be seen by looking at pixel "a",

there are only four possible directions when désugi
the surrounding pixels - 0 degrees (in the horiabnt
direction), 45 degrees (along the positive diagor20
degrees (in the vertical direction), or 135 degr@ésng
the negative diagonal). So now the edge orientdims
to be resolved into one of these four directioreteling
on which direction it is closest to (e.g. If théemtation
angle is found to be 3 degrees, make it zero dejree
Think of this as taking a semicircle and dividingnito 5
regions. Therefore, any edge direction falling witthe
yellow range (0 to 22.5 & 157.5 to 180 degreeseisto
0 degrees. Any edge direction falling in the gresmge
(22.5 to 67.5 degrees) is set to 45 degrees. Amge ed
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direction falling in the blue range (67.5 to 118dgrees)

is set to 90 degrees. And finally, any edge diogcti
falling within the red range (112.5 to 157.5 degjeis

set to 135 degrees.

Step 5: - After the edge directions are known, non-
maximum suppression now has to be applied. Non-
maximum suppression is used to trace along the edge
the edge direction and suppress any pixel values (se
equal to 0) that is not considered to be an edbes. Will

give a thin line in the output image.

Step 6: - Finally, hysteresis [11] is used as a means of
eliminating streaking. Streaking is the breakingafi@n
edge contour caused by the operator output flucigat
above and below the threshold. If a single threshol

is applied to an image, and an edge has an average
strength equal to T1, then due to noise, there kgl
instances where the edge dips below the threshold.
Equally it will also extend above the threshold imgkan
edge look like a dashed line. To avoid this, hystisr
uses 2 thresholds, a high and a low. Any pixelhe t
image that has a value greater than T1 is presumbd

an edge pixel, and is marked as such immediatédign;T
any pixels that are connected to this edge pixdltaat
have a value greater than T2 are also selectediges e
pixels. If you think of following an edge, you need
gradient of T2 to start but you don't stop till ybit a
gradient below T1.

Detection

Comparison of Various

Algorithms

Edge detection of all four types was performed
on Figure 5. The results show in figure 5, Canreldgd
the best results. This was expected as Canny edge
detection accounts for regions in an image. Canelgly
thin lines for its edges by using non-maximal
suppression. Canny also utilizes hysteresis with
thresholding. Again Canny and other edge operator
applies to sequence of frame in the video. Figusbdivs
the result of canny and other operator.

Edge

. e L
Figure 5: Image used for edge detection analysis (Gandhiji.
tiff)

(C) International Journal of Engineering Sciences & Research Technology

[1596-1601]



[Nema, 2(6): June, 2013]

L | ) S
Desktop  Window  Help ~
LEMBDE LKL 2| 0E w3

PREWITT

B Figure 1
File Edit View Insert Tools

Dads |k

CANMY

lFigure6: Results of edge detection on Figure 5. ( Canny had
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Conclusions

Since edge detection is the initial step in object
recognition, it is important to know the differesce
between edge detection techniques. In this paper we
studied the most commonly used edge detection
techniques. The software is developed using MATLAB
7.10.a. Prewitt filter has a major drawback of lgewery
sensitive to noise. The size of the kernel filtad ghe
coefficients are fixed and cannot be adapted tivang
image. An adaptive edge-detection algorithm is
necessary to provide a robust solution that is tddg to
the varying noise levels of these images to help
distinguish valid image contents from visual adifa
introduced by noise. The performance of the Canny
algorithm depends heavily on the adjustable pamamset
which is the standard deviation for the Gaussi#terfi
and the threshold values, ‘T1’ and ‘T2lJ7] also
controls the size of the Gaussian filter. The bigthe
value of , the larger the size of the Gaussiarerfilt
becomes. This implies more blurring, necessarnéisy
images, as well as detecting larger edges. As éxgpec
however, the larger the scale of the Gaussianlabg
accurate is the localization of the edge. Smalkidues of
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simply a smaller Gaussian filter which limits th@@unt

of blurring, maintaining finer edges in the imagée
user can tailor the algorithm by adjusting these
parameters to adapt to different environments. The
canny’'s edge detection algorithm is computationally
more expensive compared to Sobel, Prewitt and Reber
operator. However, the Canny’s edge detection dlgor
performs better than all these operators under stlizib
scenarios. Evaluation of the images showed thatmund
noisy conditions, Canny, LoG, Sobel, Prewitt Rdder
exhibit better performance, respectively.
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