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Abstract

The aim of this study is to compare the similarity ratios between the Sobel, Prewitt, Laplacian, Canny and Robert-

Cross edge detection filters, which are frequently used in edge detection, and the fuzzy edge detection filter obtained

using fuzzy logic with the help of Hamming, Euclidean and Minkowski distance measures in Matlab.
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1| Introduction

In classical (Aristotelian) logic, which is a system of logic with two truth values, the classical concept of set is

based on whether an object is an element of that set or not. There can never be partial membership. If the

membership value of the object is 1, it is an element of the set, and if it is 0, it is not an element. The transition

between linguistic concepts frequently used in daily life is not as sharp as in classical logic, so classical logic is

not suitable for describing these expressions numerically. However, with fuzzy logic, these words can be easily

defined without the need for much additional information and can be more accurately characterised by fuzzy

sets.

The basic definitions of fuzzy logic and fuzzy set theory, which is an extension of multivalued logic and uses

the rules of classical logic, were introduced by L. Zadeh in [1]. Subsequently, fuzzy logic has provided a new

dimension for dealing with uncertain systems and has enabled many studies in numerous fields [2]—[4].

A fuzzy set A in a non-empty set X is characterised by a mapping

Up: X- [0,1],

where u, is called membership function and u,(x) is called degree of membership of the element x. That is,

a fuzzy set A is shown as
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A={(xus(x)):x € Xandu,(x) € [0,1]}.

Throughout the paper, Fy is regarded as the class of all fuzzy sets of X and A€ is regarded as the complement
of the fuzzy set A.

Image filtering, a technique used in image processing, is used to reduce noise in the image, sharpen edges,
sharpen the image and obtain a clearer image. Image filters are usually expressed as a matrix or kernel. Edge
detection filters, which have become the most active area of image processing in recent years, are image filters
used to detect edges (i.e., points where two regions with different pixel values meet) in an image. These filters
work by calculating the difference between a pixel and other pixels around it.

Edge detection operators are generally divided into two. The first one is the gradient-based edge operators
using first order derivatives, such as Sobel, Prewitt and Robert operators. The other one is the edge operators
using second order derivative based methods and Laplacian can be given as an example.

Sobel edge detection: the edges in this technique are found using 3 x 3 neighbourhood image filter.

Prewitt edge detection: the edge detection in this technique is estimated using simplified 3 X 3 neighbourhood
image filter.

Roberts-Cross edge detection: in this type of edge detection technique, the image filter is a 2 X 2 image
gradient measurement applied on the image matrix.

Canny edge detection: in this technique, an objective function to be optimized is developed. The solution to
this problem is an exponential function, which could be approximated and optimizes the edge.

Laplacian edge detection: in this type of edge detection technique, the image filter is a 3 X 3 Laplacian core
matrix applied on the image filter.

The use of fuzzy logic in image edge detection techniques has an important place in the literature. When fuzzy
logic is used for edge detection, softer, blurred edges can be obtained instead of sharp edges.

Fuzzy edge detection: in this type of edge detection technique, general steps are summarized as follows: 1)
the input image is blurred using a blurring process, 2) gradient is calculated on the blurred image, and 3)
thresholding is used to sharpen the edges and suppress transitions to the background.

Readers interested in edge detection can check out [5]—[7] articles for more information.

Xuecheng [8] introduced the basic axioms of distance and similarity measures and analysed the relationship
between these measures with examples. Then, many researchers [9]—[13] have generalised distance and
similarity measures using the concept of fuzzy logic. The distance measure of two fuzzy sets is a measure that
describes the difference between the fuzzy sets. Also, the similarity measure of two fuzzy sets shows the
similarity between the fuzzy sets. The higher value of similarity measure indicates that the images using two
of the edge detection techniques are similar.

A function d : Fy X Fx = R™is said to be a distance function if the following properties are satisfying:
I d(AB) = d(B,A) for all A, B € Fy,
II. d(A,A) =0 for all A € Fy,
III. d(D, D°) = maxy ger, d(A,B) for all D € Py (the power set),
IV. IfAc BcC, thend(A,B) < d(A C) and d(B,C) < d(A,C) for all A, B, C € Fy.

The Hamming distance, used for discrete data such as binary values, calculates the number of different
positions of the corresponding symbols. It is shown as follows:

d@xy) = ) (ki # v
i=1
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The Euclidean distance is used to compare features of images and identify similar images. It is shown as
follows:

d(xy) =

zn:(xi - y?.
=1

The Minkowski distance, is a generalization of the Euclidean distance, compare two images by measuring

the similarity of their pixel values. It is shown as follows:

d06) = (xa = yal? + Ixz = y2 [P 4+ xn = yal?) .
A function S : Fx X Fx = R*is said to be a similarity function if the following properties are satisfying:
I. S(A,B) = S(B,A) for all A,B € Fy,
I S(A,AS) = O forall A € Py,
IIL S(C,C€) = maxsper, S(A,B) for all C € Fy,

IV. If A ¢ B c C, then S(A,B) = S(A,C) and S(B,C) = S(A,C) for all A, B, C € Fx.

2 | Experimental Results

In this section, we compare the similarities for image comparison. To do this, for an image, Sobel, Prewitt,
Laplacian, Canny, Robert Cross edge detection filters and fuzzy edge detection filter are used. We compare
the similarity ratios of these with the help of Hamming, Euclidean and Minkowski distance measures.

The chosen original image and the images obtained after using edge detection filters are given below:

o

“Fig. 2. Result obtained by Sobel method.
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Fig. 3. Result obtained by Prewitt method.

Fig. 4. Result obtained by Laplacian method.

Fig. 5. Result obtained Canny method.

Edge Detection Using Fuzzy Logic

Fig. 7. Result obtained by fuzzy edge operator.
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Table 1. The similarity function ﬁ was applied to the Hamming, Euclidean and Minkowski distances.

Compared Similarity Ratio for Similarity Ratio for ~ Similarity Ratio for
Methods Hamming Distance  Euclid Distance Minkowski Distance
Canny-fuzzy 0.0000039992 0.002032865 0.015933590
Laplacian-fuzzy 0.0000039855 0.002094396 0.016531473
Prewitt-fuzzy 0.0000039794 0.002092853 0.016532522

Robert Cross-fuzzy  0.0000039991 0.002100671 0.016583102
Sobel-fuzzy 0.0000039853 0.002095436 0.016549766

Table 2. The similarity function €9 was applied to the Hamming, Euclidean and Minkowski distances.

Compared Methods Similarity Ratio for Similarity Ratio for Similarity Ratio for

Hamming Distance  Euclid Distance Minkowski Distance
Canny-fuzzy 0.827448868818681 0.999088787886648 0.00000000000000062
Laplacian-fuzzy 0.890082638366111 0.999285477332226 0.00000000000051658
Prewitt-fuzzy 0.889008579664769 0.999281783624385 0.00000000000044773
Robert Cross-fuzzy 0.890064334368099 0.999285414261781 0.00000000000052620
Sobel-fuzzy 0.888846716830148 0.999281228237080 0.033979268908462

3| Conclusions

This study confirms that fuzzy edge detection filters are an effective approach in image processing. In fuzzy
edge detection, the detection of edges in the image has shown successful results. While traditional edge
detection techniques can detect sharp edges well, they cannot extract noisy and irregular edges propetly.

Therefore, fuzzy edge detection methods better handle objects and edges with more complex image
structure.Also, in the first table, according to the Hamming distance, the similarity ratio between the Canny
and fuzy methods is the highest. The similarity ratio determined according to Euclidean and Minkowski
distances is the highest value between the Robert Cross and fuzzy methods.

In the second table, according to Hamming and Euclidean distances, the similarity ratio between the Laplacian
and fuzzy methods is the highest. The similarity ratio determined according to Minkowski distance is the
highest value between the Sobel and fuzzy methods.
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