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A B S T R A C T  

Nowadays, edge detection through image processing is become core research due to its wide application in different 

fields such as medical and industries. In digital image processing, edge detection and feature extraction are considered 

active research areas. The different researcher has designed different methods (i.e.- Prewitt, Sobel, and Roberts) for 

edge detection in images for better visualization result. The basic purpose of the edge detection process is to interpret 

pixels values to find more significant, useful, and meaningful information about an image. The most important and strong 

feature in any image is called its edge, which can be detected by using different image processing algorithms. Therefore, 

a fast, simple, and robust method for edge detection become a basic need for edge detection and feature extraction. In 

this paper, we propose a morphologically based edge detection algorithm, which is based on three basic steps (i) Image 

Acquisition, (ii) Image enhancement, and (iii) Morphological edge detection filter. In the result, we compare the proposed 

algorithm with the existing spatial domain algorithm i.e.- Prewitt, Sobel, Laplacian of Gaussian, and kirsch to show the 

robustness and efficiency of the proposed morphological algorithm. Moreover, we did a quality-based comparison of all 

edge detection algorithms by using different quality matrix. After doing the comparison, it is clear that the performance of 

the proposed algorithm is better than the existing one in terms of time, efficiency, and quality. 
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Nowadays, image processing methods are used to 

analyze and manipulated digital images. Generally, 

images contain different types of information like size, 

orientation, color, and objects. In image processing, 

image edge detection is one of the important tasks that is 

used for quality enhancement and true edge detection. 

The edge detection process is very essential in image 

analysis because it is used for image segmentation, 

feature extraction, and texture extraction and these are 

their basic objectives. To extract the information from the 

image, it is mandatory to identify the strong low-level 

features of an image which are known as its edges[1]. 

The Features are the small piece of information that 

contain the image pixel values that represent low-level 

strong features of any image for detection and edges are 

one of the most important and meaningful features in an 
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image. Therefore, detection of edge or small features is 

very difficult and sometimes impossible under various 

conditions like lightening, blurring, and noise. To 

understand the features of any image, an edge detection 

algorithm is used to trace the edges and boundaries of 

the image[2]. 

In simple, edge detection methods are used to 

transform the original image into an edge image by using 

different operations also known as algorithms [3]. In the 

transformation process, a digital image is used as input, 

and it can be processed by applying different operations 

to function to get the desired output. The output of the 

edge detection algorithm can be an image, set of 

characteristics, or simple pixel information. The basic goal 

of edge detections algorithms is to identify striking pixels 

of an image that may become the cause of an unknown 

change in image appearance.  

To detect the true of edges of any digital image, in 

this paper, we propose a simple and efficient algorithm for 

edge detection, which is based on general image 

processing steps with a morphological filter to extract the 

edge information of edge location, meaningful and 

important information and pixel orientation[4].  The 

algorithm is based on four major steps, that are very easy 

to implement, require less computation time, and can 

save the information on true edges of different types of 

images i.e.- simple, low resolution, and noisy images. The 

rest of the paper is organized as follows: the existing 

method of edge detection is discussed in section 2, and 

the proposed algorithm is discussed in section 3. In 

section 4, we compare the proposed algorithm with the 

existing edge detection filter of the same domain to show 

the novelty of the algorithm. In section 5, we summarize 

the paper.  

 

 

In the last decades, many researchers had tried to 

develop an edge detection algorithm by using image 

processing operations to detect and highlight the edges or 

boundaries of an image. That’s why many researchers 

have been going on with developing a more efficient and 

faster algorithm for edge detection using existing filters[5]. 

The algorithms that are used for identifying the edges are 

completely based on discontinuous pixels. In this review, 

we discussed all the methods which are used for edge 

detection. A couple of years ago, simple gradients-based 

filters were used to detect the edges based on kernel [6]. 

The first gradient filter for edge detection was Robert 

designed by Lawrence Robert in 1963. The Robert edge 

detection filter was completely based on image gradients, 

and the gradient was calculated by adding the 

dissimilarities pixel between transversely adjacent pixels. 

This filter was very sensitive to noise, less reliable, and 

less accurate. By considering the drawbacks of the 

Robert filter, researchers were designed different 

gradient-based edge detection filters for better results i.e.- 

Sobel, Prewitt. The Sobel and Prewitt edge detection filter 

has used the kernel of 3 x 3 to provide better results and 

high detection accuracy. These filters were better than 

Robert, but not suitable of low- resolution and noisy 

images [7].  

To maintain the accuracy of localization, the author 

[4] designed a log Sobel filter to analyze and detection of 

image edges. The log Sobel filter is related to the Prewitt, 

Sobel, and Robert filter. It processes the image with 

luminosity and logarithm and is suitable for fast detection. 

The log Sobel filter provides fast detection, but it is also 

sensitive to noise and has a high false detection rate.  

The authors' Al. had proposed a novel edge detection 

algorithm by using genetic programming to extract low-

level feature information. This method was good for low 

resolution and less noisy images, but the false and 

missing edges detection is very high from highly noisy 

and blur images [8].   

To reduce the risk of false detection, the author 

Anjum et al. used a canny filter for efficient and accurate 

edge detection. The canny filter operates the entire image 

and computes the gradient by using a second-order 

derivative. This filterable removes the dependency 

between the low-level pixels and blocks and processed 

the full image in a parallel way and it proved a good and 

better detection filter instead of the existing gradient filter. 

Edge detection through the canny filter is a little bit 

expensive in terms of speed and time [9]. In another 

paper, author Qinghang et al. designed an edge detection 

by using the Gaussian method to overcome noise 

sensitivity and false detection problems. By enhancing the 

gaussian, their algorithm has shown a better result with 

minimum processing time [10].  
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The proposed edge detection algorithm is based on 

three basic steps. (i) image acquisition (ii) image 

Enhancement (iii) proposed edge detection filter. In the 

first step, we get the input image for processing. In the 

second step, the Image enhancement steps are applied 

to the input image for grayscale conversion and noise 

removal to provide a better result. In the third step, the 

proposed edge detection filter is implemented on the 

enhanced image. After that, we applied image sharpening 

filer on the detected to get the fine detail of the edges. 

The complete procedure of proposed edge detection is 

shown in Fig 1, and detail of each step is given in 

subheadings 3.1, 3.2, and 3.3 respectively. 
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Image Acquisition 

The image used in image processing is known as a 

digital image that consists of discrete picture elements 

called pixels. In a digital image, each pixel is associated 

with the digital number which contains the scene 

information or image information and is stored in the form 

of a matrix. In the image acquisition step, we acquired a 

color image which is used as input for algorithms. The 

color image is represented by three matrices, where each 

matrix specifies the value or pixel information of Red, 

Green, and Blue that make up the image. This color 

system is also called the RGB or 2D color image. The 

pixel values of an RGB image in a matrix between 0 and 

255, determine the intensity of the pixel [11].  In digital 

image processing, any color image is an M * N * 3 array 

of the color pixel, where the spatial location of red, green, 

and blue is associated with three values. The pixel 

intensity of the red, green, and blue channels is described 

in equation 1. 

I = R( i , j) + G( i , j) + B( i , j)                        (1) 

In the above equation I an image of (M * N * 3), R, G and 

B represent the color of image and (i,j) is their pixel 

values. 

Image Enhancement 

The image enhancement steps are used to improve 

the quality of the input image to provide a better result. 

We used general image processing steps to enhance the 

image which is (i) Grayscale Conversion and (ii) Noise 

removal. The input image is converted into the grayscale 

form because edge detection algorithms perform best with 

a grayscale image as compared to a color image[1]. The 

grayscale conversion is performed by using equation 2. 

G(i,j) = 0.2989R(i,j) + 0.5870G(i,j) + 0.1140B(i,j)   (2) 

In the above equation, G(i,j) is the grayscale intensity 

of the pixel (i,j), and R(i,j), B(i,j), and G(i,j) is the pixel 

intensity of red, green and blue channel of any color 

image. After converting the image into the grayscale form 

the next step is to remove the noise of the image by using 

a Bilateral filter. A bilateral filter is an edge-preserving, 

noise-reducing, and nonlinear smoothing filter, which is 

suitable for both spatial domain and frequency domain 

images. It replaces each pixel value of images with an 

average intensity value from neighborhood pixels or 

nearby pixels [10]. Mathematically, the pixel value of the 

image by using the bilateral filter at a specific pixel 

location is calculated by using Equation 3. 

 

In the above equation, d and r represent the fall-out 

weights, B(x, y) are the spatial neighborhood pixel of 

image N (i,j), and  is the normalization constant. 

Edge Detection Algorithm 

Crack Highlight by using the Edge detection process 

is very essential in image analysis because it is used for 

image segmentation, crack extraction, and highlighting 

false edges [12]. Edge detection methods are used to 

transform the original image into edge images to provide 

the basic information of images like edges, size, and 

shape. In image processing, mostly edge detection 

Algorithms are applied to the grayscale image to get more 

accurate and prescribe information to the image [13]. This 

is a fundamental process to detect the boundaries among 

the objects. background in an image, and significant 

discontinuities of pixel and intensity values of the image. 

The morphologically based edge detection is performed 

by using morphological operations which are erosion, 

dilation, opening, and closing. Morphological operations 

can manage and remove noise from images without any 

other algorithm or operations. Typically, Morphological 

operations are used for binary image processing i.e. 

(black and white), but now these operations are also used 

for variations in a grayscale image. Morphological 

operations take two images as an input (i) the image 

which is to be processed and (ii) the structuring element. 

In morphological image processing operations, the 

grayscale image is treated as a three-dimensional object, 

the black color represents the lower areas or darker 

areas, and the white color shows higher areas or brighter 

areas of the image. The second input also called the 

structuring element is very mandatory to perform any 

morphological operation on an image. The structuring 

element is a set of coordinate points which is used to 

enhance and modify the input image [8]. Different types of 

structuring elements such as disk, square, rectangular, 

and line can be used with different sizes such as 1,2, 3, 

…., n to modify the image. The most common 

morphological operation that is used for crack detection is 

http://www.jictra.com.pk/index.php/jictra


 

Journal of Information Communication Technologies and Robotic Applications 

http://www.jictra.com.pk/index.php/jictra, pISSN: 2523-5729, eISSN: 2523-5739 
JICTRA 2021  15 

closing and dilation. These are the two basic and most 

widely used operations of morphological in spatial domain 

methods. The main advantage of morphological operation 

is that it automatically removes the noise and unwanted 

artifacts from the image. These operations work with the 

structuring element, so firstly we define the structuring 

element to process the image [14]. Different types of 

strutting elements with different radii can be used with it. 

In this proposed method, we used the square shape 

structuring element with a radius size of 3 as shown in 

figure 2. After performing the dilation and closing 

operation, convert both images in double precision to get 

a more accurate detection as shown in the figure. The 

Detail of closing and dilation is given in subheadings.  

Edge Detection Algorithm 

Crack Highlight by using the Edge detection process 

is very essential in image analysis because it is used for 

image segmentation, crack extraction, and highlighting 

false edges [12]. Edge detection methods are used to 

transform the original image into edge images to provide 

the basic information of images like edges, size, and 

shape. In image processing, mostly edge detection 

Algorithms are applied to the grayscale image to get more 

accurate and prescribe information to the image [13]. This 

is a fundamental process to detect the boundaries among 

the objects. background in an image, and significant 

discontinuities of pixel and intensity values of the image. 

The morphologically based edge detection is performed 

by using morphological operations which are erosion, 

dilation, opening, and closing. Morphological operations 

can manage and remove noise from images without any 

other algorithm or operations. Typically, Morphological 

operations are used for binary image processing i.e. 

(black and white), but now these operations are also used 

for variations in a grayscale image. Morphological 

operations take two images as an input (i) the image 

which is to be processed and (ii) the structuring element. 

In morphological image processing operations, the 

grayscale image is treated as a three-dimensional object, 

the black color represents the lower areas or darker 

areas, and the white color shows a higher area or brighter 

area of the image. The second input also called the 

structuring element is very mandatory to perform any 

morphological operation on an image. The structuring 

element is a set of coordinate points which is used to 

enhance and modify the input image [8]. Different types of 

structuring elements such as disk, square, rectangular, 

and line can be used with different sizes such as 1,2, 3, 

…., n to modify the image. The most common 

morphological operation that is used for crack detection is 

closing and dilation. These are the two basic and most 

widely used operations of morphological in spatial domain 

methods. The main advantage of morphological operation 

is that it automatically removes the noise and unwanted 

artifacts from the image. These operations work with the 

structuring element, so firstly we define the structuring 

element to process the image [14]. Different types of a 

strutting elements with different radius can be used with it. 

In this proposed method, we used the square shape 

structuring element with a radius size of 3 as shown in 

figure 2. After performing the dilation and closing 

operation, convert both images in double precision to get 

a more accurate detection as shown in the figure. The 

Detail of closing and dilation is given in subheadings.  

SE =   
1 1 1
1 1 1
1 1 1

  

 
Figure 2: square Shape Structuring element of size 3 

 

After selecting the size and dimension of the 

structuring element, the algorithm performed the closing 

and dilation operation on the enhanced image which we 

get after step 2. The dilation operation is used to expand 

the image foreground by selecting the maximum 

neighborhood value instructing element. In simple, the 

dilation process is just like spatial convolution. The 

general equation of dilation operation is represented in 

equations (4) and (5).  

 

 

(5) 

where SE is the structuring element,  is the domain of 

the structuring element, E is the enhanced image,  

 is supposed the  outside the image domain, 

 is the domain of SE which belongs to , this 

symbol  represents the dilation operation and  is the 

eroded image. The closing operation is used to remove 
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the internal noise of the image without affecting the 
background. In closing morphological operation, dilation is 
followed by erosion, which is a process with the 
structuring element. In simple, the closing operation 
eliminates the small holes in the image and fills gaps or 
missing pixel values [12]. The general equation of 
grayscale closing operation is represented in the 
equation. 
 

 
After applying the morphological operation, the Image 
sharpening step or technique is used to highlight the 
edges and fine detail of the image to manage the 
resolution and acutance of the image. The resolution is 
the size, pixel, and intensity of the image and acutance 
refers to the contrast of the image, and both factors 
handle with the help of the image sharpness technique. In 
the proposed algorithms, the unsharp method is used for 
image sharpness and edge enhancement on both dilated 
and closing images [15]. Then, the resulting image a(x, y) 
and B(x, y) contain a range of different pixels values 
which require scaling. To manage the intensity and 
contrast of the compressed image, scaling of the image is 
performed with the pixel threshold function [16]. The pixel 
threshold operation on image A(x, y) is performed by 
using equation (7) 

  (7) 
In the above equation, A(x,y) are the points of dilated 
image pixel values and T1 is the threshold value which we 
calculated by using equation (8). 
 

(8) 
In the proposed algorithm, we used 1.02 as the threshold 
value of the T1 square image. After performing threshold 
operations on a dilated image, then at the final stage 
subtract the closed image from the dilated image, to get 
the final image. 

 

 

 

In this section, we compared the proposed algorithm 

with different spatial filters and morphological filters. The 

filter which we selected for comparison includes Prewitt, 

Sobel, Kirsch, and Laplacian of Gaussian [17]. The 

gradient of an image is obtained by first-order partial 

derivative which is also called the convolution operation, 

f(x, y) is assumed as the local maxima in the direction of 

the image. the gradient of an image f(x,y) is defined as a 

vector [18] shown in eq 10. 

    (10) 

The magnitude of the vector is obtained by using the 

formula that define in eq 11. 

(11) 

 The Prewitt edge detection method was used to evaluate 

the intensity of the image and provide the solution to 

increasing the intensity value from dark to light. The 3 x 3 

kernel size used for the Prewitt filter to find the first 

derivative [19] which is given below 

-1 -1 -1 

0 0 0 

1 1 1 
 

-1 0 1 

-1 0 1 

-1 0 1 
 

Px Py 

The second filter which we used for comparison was 
Sobel Operator which also works like the Prewitt method 
by giving some extra weight to manage the noise in the 
image [20]. The mask that is used in the Sobel method for 
convolution is following 
 

-1 -2 -1 

0 0 0 

1 2 1 
 

-1 0 1 

-2 0 2 

-1 0 1 
 

Sx Sy 
The kirsch operator is a non-linear edge detection method 

that finds the maximum edge by using convolution kernels 

[21]. This method consists of 8 kernels which are the 

following. 

 Laplacian of Gaussian operator edge detection method 

based on the second-order derivative. In this method, a 

RESULT AND ANALYSIS 
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Gaussian filter is used to remove the noisy artifact from 

the image Laplacian operator is used to take the second 

derivative of the image to detect the sharp edges [22]. 

The Gaussian operation is defined by using the following 

formula is given in eq 12. 

   (12) 

The mask that is used for the digital implementation of 

Laplacian of Gaussian filter [23] is shown below. 

1 1 1 

1 -8 1 

1 1 1 
 

-1 0 -1 

0 -4 0 

-1 0 -1 
 

 LGx   LGy 

This filter is mostly used to detect the pixel whether its 

value is light or dark [17]. The images which we used for 

comparison are shown in figure 3. 

    
(a) (b) (c) (d) 

Figure 3: Input image Dataset 

Visual results of all existing filters with proposed 

algorithms are shown in fig 4, 5, 6, and 7 respectively. It 

can be observed that the final edge detected image after 

applying the proposed algorithm is better, clearer, and 

provides a noiseless and smoother image as compared to 

the existing method. 

     
(a) (b) (c) (d) (e) 

Figure 4: Visualization result of edge detection 

     

(a) (b) (c) (d) (e) 

Figure 5: Visualization result of edge detection 

on image 3(b) 

     
(a) (b) (c) (d) (e) 

Figure 6: Visualization result of edge detection 

on image 3(c) 

     
(a) (b) (c) (d) (e) 

Figure 7: Visualization result of edge detection 

on image 3(d) 

Figure 4, 5, 6, and 7, (a) show the result of the 

Prewitt filter, (b) represent the result of the Sobel filter, (c) 

represent the result of the Laplacian filter, (d) shows the 

result of kirsch filter and (e) shows the result of proposed 

morphological edge detection filter (PMEF). Furthermore, 

to show the novelty of the proposed algorithm we also 

perform the quality comparison [24], we used the five 

most common and mostly used image quality matrix 

RMSE, PSNR [25], SSIM, FSIM, and DSSIM[26]. In Table 

1, PMEF stands for Proposed Morphological Edge Filter. 

The mathematical detail of all these quality matrices is 

given in Equations 13, 14, 15, 16, and 17 respectively.  

 

(13) 
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In equation 11, x and y represent the number of rows and 

columns of edge detected image, S is considered as the 

input image and S is the final output image which is also 

called the smooth compressed image. RMSE (Root Mean 

square Error) is the square root of MSE (Mean Square 

Error)[25].  

  (14) 

Where M is the maximal value of the reference image and 

the mean square error which we calculated by using the 

eq 8. 

  (15) 

Equation 10,  containing the value of the whole image in 

the form of the spatial domain,  is the overall 

similarity index of both edge detected and the reference 

image and  is determine phase contingency that 

effect due to light variation [27]. 

SSIM (x,y) =  

 Equation 8,  used to compare the luminous 

brightness factor, contrast factor for the dark and bright 

region, and structure pattern with a positive constant 

factor . 

 

Where SSIM is the structural similarity index [25] which 

we calculated by using eq 15. DSSIM is used to deduce 

the value of SSIM. The quality-based comparison of the 

existing edge detection filter with PMEF is shown in Table 

1, and the red highlighter value represents the best 

performance. The graphical representation of filter 

performance with quality assessment matrices is shown in 

Figures 8,9,10 and 11 respectively.  

 

0
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Figure 3(a) Figure 3(b) Figure 3(c) Figure 3(d)

RMSE

Prewitt Sobel Kirsch LoG PMEF

 

Figure 8: RMSE based Comparison Proposed method 

with existing  
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Figure 10: FSIM based Comparison Proposed method 

with existing  

 

Figure 11: SSIM based Comparison Proposed method 

with existing  

 

 

In this paper, we proposed a fast, efficient, and 

robust algorithm or filter for edge detection by using the 

morphological filter to find the fine details of edges. the 

proposed algorithm can get fine detail of edges from 

noisy, low-resolution, and blur images. To show the 

robustness and efficiency of the algorithm, we compared 

it with the different existing filters of edge detection such 

as Prewitt, Sobel, Laplacian of Gaussian (LoG), and 

Kirsch. A different Quality matrix such as RMSE, PSNR, 

SSIM, DSSIM, and FSIM is used to check the quality of all 

algorithms and then compare their result to find the best 

filter. After the result, we find that the proposed edge 

detection algorithm is better than the existing methods. 

 

The proposed algorithm was designed to detect the 

edges of any image and get low-level feature information. 

The image enhancement steps were applied to remove 

the unwanted noise of the image and make it clear. The 

proposed algorithm achieved better results by comparing 

it with the existing algorithm with the help of different 

quality parameters or matrices i.e.- PSNR, SSIM, and 

RMSE. Various algorithm of edge detection was used for 

edge detection, but the error rate of the proposed 

algorithm was very less and lay within the accepted 

range. In the future, the proposed work or algorithm 

should be used with the deep learning method. Moreover, 

a morphologically based edge detection algorithm would 

also be used for real-time images or real-time applications 

i.e.- detection of a road defect, glass scratch, and walls 

cracks. 
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