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Abstract 

 

In image processing, edge detection is a critical issue. Edge detection is a key approach for 

evaluating the edge of various objects in a digital image. These edges are found using the 

gradients, which are present in the image. The intensity and value of pixels determine the 

gradients. In digital images, edge detection lowers the quantity of data and filters out 

irrelevant data while maintaining the image's key structural features. In this paper, a new edge 

detection approach based on a fuzzy rule-based system is proposed. In digital image 

processing, the proposed method typically depends on fuzzy logic systems. The main goal of 

this system is to show how fuzzy logic may be used in image processing. This paper provides 

a fuzzy logic-based edge detection technique that uses a sharpening Gabor filter to regulate 

edge quality and a Gaussian filter to reduce noise caused by sharpening. This is determined by 

utilizing applications such as “Peak Signal to Noise Ratio (PSNR) F-Measure, and Hausdorff 

distance (HoD) to prove that fuzzy logic outperforms the proposed system. The findings for 

edge detection approaches are included in high quality. The proposed approach outperforms 

most commonly used traditional edge detection methods. The proposed method also reduces 

the number of noisy features and may be used for a wide range of images. 
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Introduction 

 

Texture and edge detection are crucial for object detection in challenging images because 

they often include the most relevant information. In image processing and computer 
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vision, texture and edge detection techniques have been widely studied in recent decades 

(Tadic, et al., 2021; Raheja, & Kumar, 2021). “Segmentation, medical image analysis, 

surveillance, computer vision, human vision, and pattern recognition” may all benefit 

from edge detection approaches (Shrivastav, et al., 2020; Liu, et al., 2020). Edge detection 

is primarily used to retrieve crucial data from an image, such as the object's shape and 

reflection. Because each pixel in an image has a variable intensity value, edge detection 

algorithms use this characteristic of the image to find the borders. Edge detection and 

object boundary extraction in digital images may be achieved through a variety of edge 

detection techniques (Acharjya, & Bera, 2020). 

 

Many data have already been provided into images to aid human interpretation. As a 

result, image analysis techniques have become more popular than other data processing 

options. Furthermore, because people are so good at interpreting images, an image-based 

analysis may help with algorithm development and informally evaluate the outputs. While 

computer vision's function may be described as a system for the automated interpretation 

of images, there are several variants. Images can originate from a variety of sources, 

including infrared, X-ray, and the latest generation of hyperspectral satellite data sets, in 

addition to traditional gray-scale and color images (Alshennawy, & Aly, 2009). 

 

Feature points, or pixels that have been recognized as having a unique feature, play a 

critical role in image analysis. Edge pixels, as evaluated by the well-known classic edge 

detectors of “PreWitt, Sobel, Marr, and Canny” (Alshennawy, & Aly, 2009), are included 

in feature points. At edge positions and texture variations, grayscale or digital images 

show more variation. The maximum of the first derivative of the zero-crossing points of 

the second derivative is frequently used in traditional edge and texture detection 

techniques, including Sobel or Canny detectors (Tadic, et al., 2021). However, because 

they are very sensitive to noise, even small variances in the brightness of the pixels in the 

image, they are unable to analyze the performance of the human visual system in edge 

detection, which relies on both powerful physiological apparatus and psychological 

abilities (Tadic, et. al., 2021). The Gabor filter has a significant advantage over these 

typical edge detectors in that it can replicate the visual cortex's receptive field (Liu, et al., 

2014; Verma, et al., 2009). It has been widely utilized in image processing tasks including 

text localization and object identification, and the number and variety of applications that 

employ it demonstrates its worth when complexity vs. performance is considered. The 

Gabor filter may achieve the best localization performance in both the spatial and 

frequency domains by evaluating the signal's uncertainty in orientation and spatial 

frequency. This indicates that depending on the visual objectives, the interesting 

characteristics of the object may be acquired by altering the Gabor filter's settings. The 
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application of the Gabor filter for a variety of computer vision and image processing 

tasks, including edge, texture, and object identification, has been documented in the 

literature (Tadic, et al., 2021). 

 

In a wide range of important applications, these techniques are often used for edge 

detection and image segmentation. Fuzzy rule-based classifiers have been utilized in a 

variety of relevant issues, including self-localization and landmark identification, data 

density estimation, real-time object detection, and human activity recognition, among 

others. It's significant to mention that there is no such thing as a universal definition for 

edges as this considers edges in images differently. As a result, the edge is a subjective 

concept, and the conclusion is determined by the individual's aspect. This paper proposes 

the “image sharpening and fuzzy logic-based edge detection” and a “Gabor-based 

filtering” method for controlling sharpening noise has been presented. The results are 

compared to statistical quality metrics that are widely used. 

 

The remaining of this paper is structured as follows: In section 2, describes some of the 

literature review related to this paper. Section 3 defines the proposed system of the Fuzzy 

and Gabor Filtering technique. The experimental results and analysis of this proposed 

work are illustrated in section 4. Finally, the conclusion is explained in section 5. 

 

Related Works 

 

We looked at different edge detection techniques in this section of the paper, with a focus 

on edge detection in digital images. In standard images, the edges are widely used to 

describe the subject's boundaries and are used for division, enlisting, and identification. It 

eliminates unnecessary information while maintaining the image's vital features. 

 

Mehrara et al., developed a new approach based on the backpropagation neural network 

approach (2009). Zhang et al., proposed a hybrid approach for edge detection based on the 

idea of an "adaptive neuro-fuzzy inference system” (2017). A new method based on fuzzy 

relative pixel value was proposed by Mathur and Ahlawat, (2008). The relative pixel 

values are evaluated in this approach, and artificial intelligence is then used to minimize 

the image processing. Corneto et al., utilized a Haar classifier to identify and eliminate 

plates, then segment them (2017). The findings illustrate that the computational cost and 

accuracy rate of this technique was adequate for real-time applications with execution 

times of less than a second. 

 

Song et al., presented a dynamic fuzzy inference method for edge identification in the 

image processing domain for edge detection (2019). The authors of this study employed 
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the principle of the variable membership function for fuzzy logic to create a model for 

edge identification from stone inscription pictures. Because the fuzzy logic membership 

function must be modified based on the image pixels or their information for improved 

edge identification. They presented a fuzzy logic-based edge detection method with 

modifiable membership function and dynamic creation of fuzzy interface system (FIS) for 

improved image analysis, and the system was validated by comparing the new method to 

existing classic techniques such as Sobel and Canny. 

 

Because the author of this study does not compare quality-based performance metrics, 

accurate validation of the suggested model is not feasible. The Russo, on the other hand, 

embraced the core notion of fuzzy logic-based edge detection, introducing an edge 

detection technique for noisy pictures utilizing fuzzy logic with reasoning rules. This 

approach employs motivated reasoning to retrieve the edges without being manipulated 

by the image noise, and the test results show that the suggested work outperforms other 

standard techniques. However, researchers now require a unique edge detection technique 

that determines both visual and quality-based comparisons of performance characteristics 

to make a better decision regarding the edge detection process (Kumar, & Raheja, 2020; 

Prakram et al., 2021). 

 

Mittal et al., examined edge detection techniques using qualitative and quantitative key 

metrics such as, PSNR, MSE, Entropy, SSIM, and others (2019). Different studies 

focused on two key edge detection limits in this study: the first is edge connection, and 

the other is the thickness of edges that are previously utilized. They present the notion of 

choosing an optimum threshold for effective and precise picture edge detection. The 

technique of discovering a canny edge on the edge, which relies on picking two distinct 

thresholds, has been adopted by most researchers, but they are still having difficulty 

getting results at the edges. They selected three-dimensional routes that evaluated the key 

disadvantages of existing approaches including contrast, selection of effective edge pixels, 

error thresholding, and ground truth similarity to collect the existing level of canny or 

other strategies to get to the edge. 

 

This paper proposes an approach based on  “fuzzy logic and Gabor image filtering for 

image sharpening”, based on the above analysis of existing technology in the field of edge 

identification from images for improved image analysis. Sharpening improves the 

strength of the edges, making them easier to identify. Sharpening may be used to regulate 

edges even when there is a disturbance. Because it includes the benefits of both “fuzzy 

logic design and Gabor-based image smoothening”, the proposed approach is efficient. 
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Proposed Methodology 

 

The primary goal of edge detection is to find and recognize real edges. Edge detection is 

challenging in low-resolution images, which are common in color images. The key 

processes in edge detection are  “filtering, enhancement, detection, and localization”, 

which are used to find a suitable edge. We cannot utilize photos right away because they 

may be affected by arbitrary variations in intensities, variations in brightness, or uneven 

contrast. This inconsistent variation in intensity is referred to be noise. Image sharpening 

is required to improve image quality. High pass filtering is an essential tool for improving 

image quality. 

 

The sharpened image (𝑆𝑖) signal is proportional to the original signal's high pass filtering 

and may be expressed mathematically as, 

 

𝑆𝑖 = 𝑋 + 𝛼[𝑋 − 𝑋 ∗ 𝐹]                                         (1) 

 

Where, “X: original image, F: high pass filter and ‘𝛼’ is scaling factor”. 

This section of the study paper uses the idea of hybridization of diagonal gradient 

detection approach with fuzzy logic to discuss the filters and techniques utilized for the 

suggested approach to keep image edge for image analysis. We compare the simulation 

results of the system applying an edge detection strategy based on fuzzy logic to the 

standard edge detection methods for fuzzy, Canny, and other edge detection methods in 

this paper. The suggested method is described in more detail in the section below, which 

includes a schematic in Figure 1. 

 
Figure 1 Flowchart of proposed Edge Detection  

Input Image 

Pre-processing 

Edge Detection 

Performance 
Metrics 

Results and 
Comparison 



Webology, Volume 19, Number 1, January, 2022 

5407                                                      http://www.webology.org 

Figure 1 illustrates a schematic diagram with the suggested work, which implements the 

principle of fuzzy logic with diagonal gradient detection, or a filtering method for edge 

detection. We'll go through how each one works, and also the filtering mechanism we've 

proposed. Because the aim of the edge detection method is to determine the sharp 

differences in the path of the pixels in an image, let first explored the many kinds of edges 

that might exist in an image. The brightness of a pictures and the correct identification of 

the exact boundaries of the accessible item in the image aid in determining the form, size, 

circumference, and other features of items. 

 

Many edge detection methods have been developed in the last two decades to extract the 

contour of homogenous areas in images, and considerable attention has been paid to 

identifying the image's edge with the least amount of information loss. The initial stage in 

every edge detection strategy is variations analysis of the image intensity, and in most 

edge detection approaches, gradient operators are utilized for derivatives evaluation. In 

image processing, the GE operator is used to determine a result that is proportional to the 

slope size of a suppressed image slope when image pixel intensities are observed. 

Gradient detection is the early phase in the suggested method, after which can go on to 

edge detection techniques. 

 

1. Gabor Filter 

 

The spatial frequencies and orientations of an image are key features. Spectral 

decomposition techniques such as Fourier analysis can be used to identify an image's 

frequency characteristics. Gabor filters are a well-known technique for extracting spatially 

localized spectral characteristics that are required in applications such as tracking and 

object identification. The Gabor transform is a time-frequency evaluation tool that has 

been around for a long time (Liu, et al., 2014). A sinusoid is modulated with a Gaussian to 

produce this filter. In the instance of a one-dimensional signal, a sinusoid is modulated 

with a Gaussian, which response to some frequency but only in a specific location of the 

signal. 

 

In a spatial domain, the complex Gabor function is expressed as follows; 

 

𝑓(𝑎, 𝑏) = 𝑐(𝑎, 𝑏)𝐸𝑖(𝑎, 𝑏)                                                            (2) 

 

Where, c (a, b) defines the complex sine wave and 𝐸𝑖 (a, b) defines the 2D Gaussian. 

 

The complex sine wave is described by the equation: 
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𝑐(𝑎, 𝑏) = ∑𝑝(2𝜋(𝑞0𝑎 + 𝑟0𝑏) + 𝛼)                          (3) 

 

where (𝑞0,𝑟0) represents spatial frequencies and 𝛼 is the filter's phase. 

 

This complex sine wave may be divided into two parts: real (m) and imaginary (n). 

 

𝑚(𝑐(𝑎, 𝑏)) = 𝑐𝑜𝑠(2𝜋(𝑞0𝑎 + 𝑟0𝑏) + 𝛼                               (4) 

𝑛(𝑐(𝑎, 𝑏)) = 𝑠𝑖𝑛(2𝜋(𝑞0𝑎 + 𝑟0𝑏) + 𝛼                           (5) 

 

In Cartesian coordinates, parameters ( 𝑞0 , 𝑟0 ) indicate spatial frequencies. In polar 

coordinates, these spatial frequencies are expressed as follows: 

 

ℎ = ඥ𝑞0
2 + 𝑟0

2                                            (6) 

𝜃 = (
𝑞0

𝑟0
)                                                        (7) 

 

Where the spatial coordinates are written as: 

 

𝑞0 = ℎ𝑐𝑜𝑠𝜃                                                                  (8) 

𝑟0 = ℎ𝑠𝑖𝑛𝜃                                                        (9) 

 

The complex sine wave is described by the following equations: 

 

𝑐(𝑎, 𝑏) = ∑𝑝(2𝜋ℎ(𝑎𝑐𝑜𝑠𝛼 + 𝑏𝑠𝑖𝑛𝛼) + 𝜃)                            (10) 

 

If the 2D Gaussian function is given as: 

 

𝐸𝑖(𝑎, 𝑏) = −(
(𝑎−𝑎0)

2

2𝜋2𝑎
+

(𝑏−𝑏0)
2

2𝜋2𝑏
)                                   (11) 

 

Where, (𝑎0,𝑏0) is the function's center, and a and b represent the Gaussian deviation by 

each of the spatial coordinates. 

 

Following systematic review, the function g(a, b, p,𝜋, 𝜃) representing the “Gabor filter 

with an orientation of 0° and g is the spatial frequency and signifies the filter orientation” 

is as follows: 

 

𝑔𝑖(𝑎, 𝑏, 𝑝, 𝜋, 𝜃) = −(
(𝑎−𝑎0)

2

2𝜋2𝑎
+

(𝑏−𝑏0)
2

2𝜋2𝑏
)∑𝑝(2𝜋ℎ(𝑎𝑐𝑜𝑠𝛼 + 𝑏𝑠𝑖𝑛𝛼) + 𝜃)     (12) 

 

As can be seen, the expression (12) is an advanced version of the expression (2): 
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The first exponential function is a 2D Gaussian, while the second is a 2D complex 

sinusoid. Again, A represents the amplitude, (𝑎0,𝑏0) the function's center, 𝜋𝑎 and 𝜋𝑏 the 

standard deviations, g the spatial frequency, 𝜃 is the phase, and 𝛼 is the Gabor filter's 

orientation. 

 

It has been demonstrated that the filter's deviation may be defined by the spatial frequency 

f, as given below. 

 

𝜋𝑎 = 𝛽𝑡𝑎 and 𝜋𝑏 = 𝛽𝑡𝑏                                               (13) 

 

In the above formulas, 𝑡𝑎 and 𝑡𝑏 are scaling factors for adjusting the filter's bandwidth. 

The wavelength 𝛽, is measured in pixels and 𝜋 is proportional to the spatial frequency as 

follows: 

 

ℎ =
1

𝛽
                                                                             (14) 

 

All of these parameters are required for the Gabor filter to function properly. 

 

2. Fuzzy based Gabor Filter 

 

The use of fuzzy reasoning was another technique in the development of digital image 

recognition systems (Tadic, et al., 2020). The efficiency of fuzzy logic to reflect the 

amount of uncertainty in human thought is the explanation behind this. Specifically, 

during the experiments, it was discovered that the method with the Gabor filter bank with 

parameters has detection issues when the image is at a severely skewed angle, is slanting, 

or when the size of the plate in the input image fluctuates significantly. The Gabor filter's 

wavelength and direction are fuzzy. The interval values for the input and output 

membership functions were determined empirically (Tadic, et al., 2020). 

 

As the input membership function in the Fuzzification procedure, a Bell-type membership 

function in the interval [-1 1] was used. This membership function specifies the angles of 

interest in a smooth and consistent method. The angle of 0° is the core angle around 

which vertical portions must be detected, however owing to the inaccuracy of the input 

image, certain neighboring angles are also factored, whose impact diminishes from zero 

around both edges as per the Bell's function. This may be represented using the following 

formula: 

 

𝜋(𝐸) = {
𝑐(𝐸, 𝜃1, 𝜃2), E<𝜃2

𝑐(2𝜃2 − 𝐸, 𝜃1, 𝜃2) 𝜃2 ≤ 𝐸
                                       (15) 
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Where, the angle interval is 𝜃 ∈[𝜃1, 𝜃2 ]. In this study, the interval's end values were 

determined experimentally as -1 and 1, and the function c is defined by the equation (15). 

 

To enhance the filtering, the difference between all potential orientations of the filter must 

be minimal, or a lower number of nearby angles must be utilized to ease 

image localization in the subsequent phases. The triangle shape membership function is 

utilized for this purpose. In this approach, the relevant input and output membership 

functions have been implemented. The  “IF-THEN” rules must be specified to acquire the 

fuzzy system and finish the Fuzzification process. Using the built-in function, the entire 

Fuzzification operation was optimized. 

 

Experimental Results and Discussion 

 

In this section, we discuss the simulation results of the proposed comparison approach for 

edge detection for improved digital image analysis. The simulation is carried out using the 

MATLAB program. Several edge detection methods are considered for performance 

evaluation. The proposed approach is being tested with other image datasets, and the 

findings are being provided separately. Numerous kinds of images in the database have 

various sizes and are classified. The performance of a proposed system is examined using 

parametric standards including “Peak Signal to Noise Ratio (PSNR), F-Measure, and 

Hausdorff distance (HoD)” are most often used to examine the quality of the resulting 

images. 

 

Peak Signal to Noise Ratio (PSNR) 

 

The PSNR is commonly used as a proportion of the type of recreation in image pressure 

and is described by the mean squared error (MSE), which for two similar monochromatic 

images A and B where one of the images is seen as a noisy estimate of the other is 

characterized as: 

 

To compute the PSNR, can use the following PSNR Equation (16): 

 

𝑃𝑆𝑁𝑅 = 10 ∗ 𝑙𝑜𝑔
𝑠2

𝑀𝑆𝐸
                                                       (16) 

 

Where MSE is computed using the following Equation (17): 

 

𝑀𝑆𝐸 =
1

𝑖𝑗
∑
𝑥=0

𝑎

∑
𝑦=0

𝑏

[𝑜(𝑥, 𝑦) − 𝐸(𝑥, 𝑦)]2                                 (17) 
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Where i and j are the row and column of an image, o is the original picture, and E is an 

edge image. 

 

F-Measure 

 

The F-measure, which is used to grade boundary detectors, is given as the geometric mean 

of the classifier's precision, P, and recall, R: 

 

𝐹 −𝑀𝑒𝑎𝑠𝑢𝑟𝑒 =
2𝑃𝑅

𝑝+𝑅
                                          (18) 

Where, 

𝑝 =
𝑇𝑃

𝑇𝑃+𝐹𝐴
;  and   𝑅 =

𝑇𝑃

𝑇𝑃+𝑀𝑆
; 

 

Where “TP is the number of true positives, MS is the number of misses, and FA is the 

number of false alarms. Precision provides the fraction of correct detector responses, 

whereas recall shows the proportion of real boundaries identified. Because erroneous 

negatives do not show anywhere, the classifier does not earn credit for rejecting negatives 

and only gets paid for false alarms. This enables an assessment to deal with a big negative 

class”. 

        

Hausdorff Distance (HoD) 

 

Given two finite point sets X ={𝑥1, … , 𝑥𝑛} and Y = {𝑦1, … , 𝑦𝑛} , the Hausdorff distance is 

defined as,  

 

H (X,Y) = max (h (x, y), h(y, x))                                        (19) 

 

Where, h(X,Y) = 𝑚𝑎𝑥
𝑥∈𝑦

𝑚𝑖𝑛
𝑦∈𝑥

||𝑥 − 𝑦||and ||. || is some underlying norm on the points of X 

and Y. 

 

The sample input images is illustrated in Figure 2. Figure 2 shows the difficulties of low-

quality camera images collection, such as shadows, noise, and other distortions. These 

samples were chosen to show the fuzzified Gabor filter's performance and robustness. The 

input frames were filtered with the traditional Gabor filter and the fuzzy Gabor filter to 

illustrate the enhancement given about by the fuzzified Gabor filter. The suggested 

comparison method of image edge identification via the hybridization of fuzzy logic with 

the gradient and also the standard deviation method were tested using the above-

mentioned dataset of a sample image. This section presents the simulation results for the 

proposed methodology. 
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Figure 2 Sample Input Images 

 

The simulation results of the suggested comparison mode for edge detection for improved 

image analysis are explained in this section, and the results obtained based on the PSNR, 

HoD, and F-Measure of the image are shown in Table.1. 

 

Table 1 Performance Comparison  

 

Methods 

Performance Metrics 

PSNR F-Measure HoD (Avg) 

Canny 28.4 0.38 7.1 

Fuzzy 30.9 0.40 4.8 

Gabor based Fuzzy 38.4 0.51 4.3 

 

According to the above table, the proposed fuzzy-based Gabor Filters system outperforms 

others including Sobel, canny, and fuzzy-based techniques in terms of performance 

measures. The average PSNR of the proposed system is 38.4, and if the PSNR of the 

proposed system is higher, then the F-measure and HoD are the minimum, as shown in 

Table.1. Based on comparisons with previous edge detection including Canny and Fuzzy 

logic based studies, the suggested method has obtained higher performance in terms of 

PSNR, as shown in Table.1. The suggested method has shown that it is capable of 

accurately identifying the image's edges. The pixels of the edge are accurately identified 

in any shape, and the reduction and prioritization of the edge quality are greater as 

compared to other edge detection techniques. 
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Figure 3 Comparative Analysis of PSNR  

 

 
Figure 4 Comparative Analysis of HoD 

 
Figure 5 Comparative Analysis of F-Measure 
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Figures 3, 4, and 5 show a comparison of digital images obtained using Gabor-based 

Fuzzy edge detection operators based on PSNR, HoD, and F-Measure. Each Data has 

several levels that define its range. 

 

Figure 3 shows a graphical depiction of the PSNR comparison of the proposed system 

with other approaches, including known edge detection algorithms such as Canny and 

work based on fuzzy logic. In Figures 4 and 5, we compare several other characteristics of 

the proposed method, including F-Measure, HoD, and execution time, with current edge 

detection methods including Canny, Fuzzy logic, and Gabor-filter based fuzzy logic based 

work. Based on the PSNR, F-Measure, and HoD simulation results, the effectiveness of 

the proposed system has an impact and also shows the improved results with the major 

impact of gradient and standard deviation-based fuzzy logic approach using Gabor 

filtering technique for the edge detection of an image in the area of image analysis for 

various real-time applications. 

 

Table 2 Comparison of Execution Time 

Methods Execution Time 

Canny 3.954 

Fuzzy 5.168 

Gabor based Fuzzy 2.086 

 

We determined from Table 2 that the suggested system has a lower execution time and 

performs better than existing edge detection approaches. In comparison to the 

conventional Gabor filter, the fuzzified Gabor filter implemented in this paper performed 

far better. A logical explanation is that a fuzzy logic allows for increased resilience to 

picture capture conditions. As a result, in applications where some variables are set 

inexactly or inaccurately, such as the precise angle of capture, brightness, and so on, the 

use of fuzzy reasoning is a good solution since the fuzzy system successfully leverages 

human reasoning to overcome the issue. This indicates that the capture distance exceeded 

the expected range. As a result, the mistakes were predicted in some cases, but the aim of 

the experiment was to compare the fuzzified Gabor filter's limit performance to that of a 

conventional Gabor filter with constant values. The findings, as well as their limitations, 

will be used to improve future work. 
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Conclusion 

 

This paper proposes an effective logic, sharpening, and filtering-based edge detection 

method. The primary goal of this paper is to create an edge detection technique that 

allows edges to be controlled without degrading the evaluated image. It was determined 

that the fuzzy logic technique alone incorrectly eliminated some of the edges, therefore 

noise was added. To address this, we demonstrated that image sharpening may be 

performed, which enhances the results. This paper introduces a systematic review of 

conventional edge detection algorithms with the proposed model to validate the efficiency 

of this research regarding better image analysis. The collected and achieved performances 

of the proposed system in terms of PSNR, HoD, and F-Measure have a good impact in the 

area of edge detection. The acquired parameters are sufficiently suitable to demonstrate 

the efficacy of the suggested system in comparison to existing edge detection techniques 

including Sobel, Canny, and Fuzzy logic-based edge detectors. 
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