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Abstract: The edge detection is a digital image processing technique to find the boundaries or edges of an
image or object through the brightness discontinuity. There are many operators to get boundaries or edges
but we need more effective and accurate methods. This paper will provide a comparison of Conventional
Sobel, Prewitt, Roberts, Canny and Log Operators Edge Detector Techniques against Salt and Pepper
noise With regard to Mean Square Error (MSE), Root Mean Square Error (RMSE), signal to noise ratio
(SNR) , peak signal to noise ratio (PSNR) , mean-absolute error (MAE) and Bit error, etc.
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I. INTRODUCTION

Image processing is a method of analyzing and manipulating digital images with computers using mathematical
operators. In image processing, inputs are images and results can be a characteristic or set of image parameters or
images. An image consists of various information such as contour object, orientation, size and colour. So, to find
information about objects, edges involving the object must be identified. Edge detection is a method for detecting the
occurrence of edges and locality made by sharp and sudden variations in intensity (brightness or colour) of an image.
The purpose of the edge detection is to detect information on object form and reflectance in the image. Edge detection
is an important step in image analysis and processing, computer vision, human vision, object detection and pattern
recognition. There are various edge detection techniques to detect edges. Different edge detectors work differently.
Means that some edge detectors need more time and detect more edges with respect to others. This Research paper
discussed the comparison of traditional edge detection techniques against the Salt and Pepper Noise.

I1. SALT AND PEPPER NOISE

A type of noise that may be seen in the image is salt and pepper noise. This is also known as the impulse noise. This
noise may be caused by sudden and sharp disturbances in image signals. It presents itself as a white and black pixel that
is rare .It is also referred to as impulse noise. This can be characterized as a rare disorder in the image that leads to
changes in some pixels in the image as you can see some pixels into black and the rest of the image has been left
untouched. This is due to sudden disruption such as dust that violates the device that is combined during the arrest of
the image. The noise effect is only at small number of Pixels leave the remaining picture not touched. In this type of
salt and pepper noise, noisy pixels take the value of salt (gray value -225) or pepper value (gray level -0) and generate
or appear as black and white spots in the image (Figure 3.5). In the case of a random number impulse noise, noise can
take gray level value from zero to 225.

I11. NOISE REMOVAL MEDIAN FILTER
The median filter is a better static filter, non-linear, whose response is based on the classification of pixel values
contained in the filter region. The median filter is quite popular to reduce certain types of noise. Here, the central value
of the pixel is replaced by the median of pixel values under the filter region. The median filter is good for the salt and
pepper noise. These filters are widely used as smoothers for image processing, as well as in the processing of the signal.
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IV. EDGE DETECTORS
4.1 Sobel
The Sobel edge detector calculates the gradient using the discrete differences between the rows and columns of a 3x3
neighborhood. The Sobel operator is based on conversing the image with a valuable, small, separable and whole filter.
The array of convolution is the following
1 2 1 -1 0 1
0 0 ol,GY—[—z 0 2] (1

-1 -2 -1 -1 0 1

GX:

4.2 Prewitt
Prewitt operator edge detection masks are the one of the oldest and best understood methods of detecting edges in
images The Prewitt edge detector uses the following mask to approximate digitally the first derivatives Gx and Gy.
-1 -1 -1 -1 0 1
GX—[O 0 Ol,GY—[—l 0 1] 2)

1 1 1 -1 0 1

4.3 Roberts
In Robert edge detection, vertical and horizontal edges are removed individually and then come together for the
resulting edge detection. The Roberts edge detector uses the following masks to digitally approach the first derivatives

as differences between adjacent pixels.

GX:[(l) —01]’GY:[—01 (1) ®)

4.4 LOG Operator

This operators finds edges looking for crosses from zero after filtering F (x, y) with a lackish of the Gaussian filter. In
this method, Gaussian filtering is combined with lacacian to decompose the image where the intensity varies to detect
the edges effectively. Find the right place of the edges and the widest area test around the pixel.it is based on second
order derivatives and discover the edges at the zero crossing. It works in frequency domain. The registration operator is
defined as follows.

2,2 x2+y?
log(x,y) = M%(% — 1) e 202 4
Convolution matrix is as follows,
0o -1 o0 -1 -1 1
GX—[—I 4 —1] ,GY—[—l 8 —1] (5)
0o -1 o0 -1 -1 -1

4.5 Canny Operator

The Detection of Canny Borders is a multi-stage algorithm to detect a wide range of edges in the images. This detector
finds edges looking for local maximum F (X, Y) gradient. The method uses two thresholds to detect strong and weak
edges and includes weak edges at the output only if they are connected to strong edges. Canny edge detector also
known as the optimal detector, the cannoso algorithm follows the following steps

Step 1: The median filter is used for noise removal.

Step 2: Following the Canny mask is used to find the intensity of the gradient.

-1 0 +1 -1 -2 -1
GX=[—2 0 +2|,Gy=]0 0 0 (6)
-1 0 +1 +1 42 +1

Step 3: strength and direction calculated as

_ 2 2 _ Gy
G= |G +Gy ,G—arcta()a) 7)

Step 4: Apply the magnitude of gradient with non-maximum and suppression.
Step 5: Apply the no maximum threshold in the output suppression image.
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V. PERFORMANCE PARAMETERS

5.1 M.S.E.

The lowest value of MSE represents more under the error.
MSE = - TH~1 I [f(xy) — g(x, y)]? 8)

5.2 RM.S.E.

The RMSE is a measure of precision. It is also non-negative, and the lowest value of this is better than superior.
RMSE = +vMSE 9
RVSE = LR~ S0 [£uy) — (s y))° (10)

5.3 S.N.R.

The SNR can be defined as the ratio of the signal power to the noise power. It is measured in dB and can be calculated as.
IRSo It Ixy)? ) (11
TREG Iyt (Lxy)-RI(xy))

5.4. P.S.N.R.
The PSNR is defined as the ratio of the maximum intensity of pixels to the mean quadratic error. The PSNR is
commonly expressed in terms of the logarithmic decibel scale. The highest PSNR value offers a good image quality.

M=«N

PSNR = 10logy, m] (12)

PSNR = 10 Log; (2o (13)
5.5. Bit Error
Bit error should be low for good quality image. It is inverse of PSNR.

Biterror= —— (14)

PSNR
5.6. M.A.E.
It means an absolute error between two digital NXM images, measures the absolute proximity of these images together:
1 - - o .

MAE = 35! X500 1AGL) — B, DI (15)

MAE has to be minimal for the best output of the filter.
VI. METHODOLOGY
[ Input Test Image
[ Add Salt and Pepper Noise ]
[ Apply Median Filter ]
[ Apply Different Edge Detection Technique ]
[ Output Image ]
v
[ Calculate & Compare Image Quality Parameters ]

Figure 6.1: Proposed Methodology
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VII. EXPERIMENTAL RESULTS
The experiment was carried out with the following Standards

Image Gray scale image of the "cameraman" size of 256 x 256
Software used R2016A MATLAB

Noise Salt and Pepper noise (noise density = 0.02)

Smoothing Filter Median filter (3x3),

Edge Detector Sobel, Prewitt, Roberts, Log, Canny.

Performance Parameters | MSE, RMSE, PSNR, SNR, MAE, Bit Error

BIT
FILTER NOISE M.S.E. R.M.S.E M.A.E. P.S.N.R. SNR ERROR
Sobel Edge | Saltand | ,5,5 030 | 1340719 | 118.693 5.584 0.0016 0.1791
Detector Pepper noise
Prewitt Salt and
Edge Pepper noise | 17975.3493 134.072 118.693 5.584 0.0016 0.1791
Detector
Roberts Salt and
Edge Pepper noise | 17973.8906 | 134.0667 118.6873 5.5844 0.0019 0.1791
Detector
Log Salt and
Edge Pepper noise | 17969.4399 | 134.0501 118.674 5.5855 0.003 0.179
Detector
Canny Salt and
Edge Pepper noise | 17964.0723 134.0301 118.6409 5.5868 0.0043 0.179
Detector

Table 7.1: Comparative performance of edge detectors

VIII. CONCLUSION
This Research paper discussed the comparison of traditional edge detection techniques against the Salt and Pepper
noise. Performance measurement parameters for this comparison are the mean square error (MSE), the average
quadratic error of the root (RMSE), the maximum signal to the noise ratio (PSNR) and the bit error. In this comparison
we find that Canny Edge Detector performed very well against Salt and Pepper noise . For canny edge detector The
value of MSE is lower, RMSE is also low, while PSNR is high, and the bit error is low as compared to other edge
detection techniques.
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