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Abstract  
Edge detectors are studied in the paper. The visual range of the spectrum is the most 

informative for humans in terms of evolution. The division of boundary detectors is effective 

in a number of tasks. In particular, in this paper, the authors test the effectiveness of these 

methods from a subjective point of view. The article collects for comparison the results of the 

most popular methods of defining boundaries. Several images from a standard open source 

database are presented for analysis. Boundary/edge search methods were chosen to perform 

pattern recognition and scene analysis experiments because contours are usually the most 

informative and redundant features of the image being processed. The following methods are 

considered in the work. The Sobel filter is a discrete differential filter that calculates the 

approximate value of the gradient or gradient rate for the brightness of the image. The Previta 

filter is a border selection method in image processing that calculates the maximum response 

on a plurality of convolution cores to find the local orientation of the border in each pixel. 

The Roberts filter is one of the earliest boundary selection algorithms that calculates the sum 

of the squares of the differences between diagonally adjacent pixels. The Canney method is a 

boundary detection operator that uses a multi-step algorithm to detect a wide range of 

boundaries in images. The Canny Boundary Detector algorithm is not limited to calculating 

the image gradient. Only the maximum points of the image gradient remain in the border 

contour. Note that the Prewitt and Sobel method was studied in three versions in order to see 

all the positive and negative components of these filters.  
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1. Introduction 

Boundary selection is widely used to solve the following practical problems: car number 

recognition [1], cartography [2], clustering, medicine [3], finding text, figures or complex objects, 

such as people in the image [4]. Known methods for identifying the boundaries of objects in the 

image and proposed a method for identifying fingerprints. 

Image segmentation is the division of an image into areas that are not similar in some way. It is 

assumed that the areas correspond to real objects or their parts, and the boundaries of the areas 

correspond to the boundaries of objects. Segmentation plays an important role in the tasks of image 

processing and computer vision [5]. Segmentation is necessary in pattern recognition and scene 

analysis, as contours are usually the most informative and redundant features of the image being 

processed. 

In the recognition process, recognition accuracy and shorter response times are always desirable 

when it is necessary to identify a person in a system with a database consisting of millions of 

fingerprints. In some systems, the size of the database is constantly increasing. 
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Segmentation of low quality images is a difficult task. Accurate segmentation of fingerprint 

images directly affects the efficiency of extracting small details. If more background areas are 

included in the segmented fingerprint of interest, more false functions appear. If some foreground 

areas are excluded, useful features may be missed. For image segmentation, methods based on various 

statistical and probabilistic models, cluster analysis methods, threshold and gradient methods, and 

graph theory methods were most widely used [6]. 

Threshold selection is a major problem with segmentation algorithms. Using different 

segmentation thresholds allows you to get different results. Automatic selection of the optimal 

threshold is a very difficult task. The proposed method allows you to segment the image without 

selecting a threshold. At the same time the base of segments allowing to store their attributes for the 

subsequent analysis is formed. 

When using traditional clustering methods, the feature space of image elements is divided into 

areas (clusters) and R(𝐴𝑖)=1 , when all 𝑥𝜖𝐴𝑖  are included in one cluster. All 𝑥𝜖𝑋 are distributed in 

clusters, and then the connected elements of one cluster are combined into segments 𝐴𝑖 In this 

method, homogeneity is considered first of all. 

Image segmentation is typically used to highlight objects and borders (lines, curves, etc.) in 

images. The result of image segmentation is a set of segments that together cover the entire image, or 

a set of contours selected from the image. All pixels in a segment are similar in some characteristic or 

calculated property, such as color, brightness, or texture. Neighboring segments differ significantly in 

this characteristic [7]. 

Boundary selection [8] is one of the important tasks of computer vision. The difficulty of solving 

this problem is due to the sensitivity of the methods to noise [9], brightness variance and to the 

intersection of objects. Given the non-stationary conditions of obtaining input images and the high 

sensitivity of algorithms for their processing to noise in the input data, there is a need to build a 

deterministic process of applying a particular algorithm. It should be noted that in the practical 

application of the Kenny algorithm, researchers focused on the analysis of each type of input data 

separately, without comparing the results between different types of images. 

Segmentation is usually understood as the process of finding homogeneous areas in an image. This 

step is very difficult and is generally not fully algorithmized for arbitrary images. Note that one of the 

most effective methods of building areas involves the selection of starting points or with the help of 

an operator (centroid binding algorithm), or automatically. The method of watersheds based on the 

search for local minima with the subsequent grouping of areas around them in terms of connectivity is 

effective here [10]. 

2. Development of a Method for Finding Boundaries to Construct Contours 
of Minutions in Fingerprints 

The purpose of finding boundaries in finding boundaries (curves) is to change the brightness or 

color [11]. In the future, the contours of objects are constructed from the boundaries, and from them - 

scenes. The input data for the algorithm are images with coordinates x, y, where each element 

contains three color components - red, green and blue, denoted x,y red(I), x,y green(I), blue(I ) x,y . 

The result of the algorithm is a matrix 𝑅𝑥,𝑦, each element of which is equal to 1, if the pixel with 

coordinates (x, y) is the limit of 1, or 0. 

The solution of this problem must meet the requirements [12] of which the following: 

 The algorithm must find as many boundaries as possible present in the image. 

 The found boundaries should be as close as possible to the real boundaries. 

 One real boundary should not create several parallel boundaries at the output. 

 Noise should not create non-existent boundaries. 
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To check the result of the algorithm, it is necessary to find the real boundaries of objects in the 

image and construct a reference matrix 𝐸𝑥,𝑦,, then calculate the degree of similarity of matrices φ by 

the formula  

𝜑 =
1

|𝐸𝑥,𝑦|
∑ {

0, 𝑡ℎ𝑒𝑛 𝐸𝑥,𝑦 = 𝑅𝑥,𝑦

1, 𝑡ℎ𝑒𝑛 𝐸𝑥,𝑦 ≠ 𝑅𝑥,𝑦
𝑖,𝑗                                                      (1) 

where |𝐸𝑥,𝑦| is the number of elements in the matrix E. 

Since the known methods of identifying the boundaries of objects in the image are based on the 

analysis of a photograph in shades of gray, it is necessary to convert a color image into a halftone 

[13]. You can use object boundary identification methods for this image. Converting to grayscale is 

performed for each pixel of the color image. 

To eliminate the influence of inhomogeneous illumination of the image, it is advisable to exclude 

the general background from it and increase its contrast [14]. Exclusion from the general background 

image is carried out in two stages. The first image forms a background image, and the second 

subtracts the background image matrix from the main image represented by the two-dimensional 

matrix. The value of each pixel of the background image is the arithmetic mean of the intensities of 

neighboring pixels. The number of adjacent pixels is selected depending on the thickness of the 

boundaries of the papillae of the fingers. 

Contrast adjustment is performed by “stretching” the initial brightness range to the range from the 

minimum possible to the maximum possible brightness. 

One of the classical methods of determining the boundaries of objects in the image can be used to 

highlight the boundaries of the papillae of the fingers [15]. Such methods include the Sobel filter [16], 

the Previta filter [17], the Roberts filter [18], the Lapsassian-Gaussian filter [19] and the Canney 

method [20]. 

The Sobel filter is a discrete differential filter that calculates the approximate value of the gradient 

or the norm of the gradient for the brightness of the image. The Sobel filter is based on the 

convolution of the image by small integer filters in the vertical and horizontal directions. 

The Previta filter is a border selection method in image processing that calculates the maximum 

response on a plurality of convolution cores to find the local orientation of the border in each pixel. 

This method of selecting borders is still a substitution of border templates, because the image is 

mapped to a set of templates, and each represents some orientation of the border. The size and 

orientation of the border in a pixel is determined by a pattern that best corresponds to the local area of 

the pixel. 

The Roberts filter is one of the earliest boundary selection algorithms that calculates the sum of the 

squares of the differences between diagonally adjacent pixels. This can be done by convolving the 

image with two cores. The conversion of each pixel by a Roberts filter can show a derived image 

along non-zero diagonals, and the combination of these converted images can also be considered as a 

gradient from the top two pixels to the bottom two. 

The Laplace-Gaussian filter is an analogue of the continuous Laplace operator, defined as a 

relation on a graph or a discrete grid. The discrete Lapsasian-Gaussian is defined as the sum of the 

second derivatives and is calculated as the sum of the color intensity differences on the neighbors of 

the central pixel. 

The Canny method is a boundary detection operator that uses a multi-step algorithm to detect a 

wide range of boundaries in images. The Canny boundary detector algorithm is not limited to 

calculating the image gradient. Only the maximum points of the image gradient remain in the border 

contour. Boundary direction information is used to delete points right next to the boundary and not to 

break the boundary itself in the area of  local gradient maxima. 

We will evaluate the methods of identifying the boundaries of objects by determining the degree of 

discrepancy (1). 

𝐾𝑡 =
𝑁𝑓

𝑁𝑓+|𝑁𝑓−𝑁𝑖|+𝑁𝑛+𝑁ℎ
                                                                  (2) 

where 𝐾𝑡 is the accuracy factor that characterizes the quality of the method, 𝑁𝑓 – is the actual number 

of bubbles in the photo, obtained by reference manual calculation, 𝑁𝑖 – is the number of bubbles 

identified by the appropriate method of determining the boundaries, 𝑁𝑛 – is the number of 

unidentified bubbles (errors of the first kind), 𝑁ℎ – the number of misidentified bubbles (errors of the 
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second kind). Maximizing the value of the accuracy factor indicates the best identification results 

[21]. The best identification results were shown by the Canney method. Its results at this stage of the 

study are acceptable for solving the problem of automation of obtaining and processing statistical 

information. To compare the two histograms, we use Pearson's criterion 2 s: 

𝜒2 = ∑
(𝑥𝑖−𝑦𝑖)2

𝑦𝑖

𝑘
𝑖=1                                                     (3) 

where 𝜒 is Pearson's criterion, 𝑥𝑖 is the number of identified bubbles corresponding to the ith interval 

of radii, yi is the actual number of bubbles corresponding to the ith interval of radii, k is the number of 

data columns (intervals of the range of admissible radius) [22]. 

3. Application of the Kenny Algorithm to Highlight the Boundaries of 
Fingerprints 

Kenny's algorithm is an operator for selecting image boundaries. Kenny's goal was to develop an 

optimal algorithm for detecting boundaries that satisfy three criteria. 

1. Good detection (Kenny interpreted this property as increasing the signal-to-noise ratio). 

2. Good localization (qualitative detection of the border position). 

3. A single solution for one boundary. 

The main stages of the basic algorithm: 

Convert a color image to grayscale. 

The color image is converted to shades of gray. Constants in front of the corresponding color 

components x,y red(𝐼 𝑥,𝑦), green(𝐼 𝑥,𝑦) and blue(𝐼 𝑥,𝑦)  obtained empirically, taking into account the 

physiological characteristics of human perception of color. The algorithm is sensitive to noise in the 

image, therefore, to remove the noise used a Gaussian = σ , where 𝑆𝑥,𝑦 is output pixel; x,y; I is input 

pixel; x, y pixel coordinates; 𝐺𝑥,𝑦,𝜎 is a Gaussian filter given by the formula 

𝑆𝑥,𝑦 = 𝐼𝑥,𝑦 ∙ 𝐺𝑥,𝑦,𝜎                                                                      (4) 

where Sx,y  is output pixel, Ix,y is input pixel, x, y are pixel coordinates, 𝐺𝑥,𝑦,𝜎 is Gaussian filter, which 

is given by the formula: 

𝐺𝑥,𝑦,𝜎 =
1

2𝜋𝜎2 𝑒
𝑥2+𝑦2

2𝜎2                                                                      (5) 

where 𝜎 is the scattering coefficient.  

The Kenny operator uses Gaussian erosion with σ=1.4 
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The search for gradients is to mark the boundaries where the gradient becomes most important. 

They can have different directions, so the Kenny algorithm uses four filters to identify horizontal, 

vertical, diagonal edges in a blurred image. 

𝐺 = √𝐺𝑥
2 + 𝐺𝑦

2 

Θ = 𝑎𝑟𝑐𝑡𝑔 (
𝐺𝑦

𝐺𝑥
) 

The angle of inclination of the gradient is rounded and can take on values 0, 45, 90, 135. 
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4. Implementation of the Sobel Algorithm for Highlighting the Boundaries of 
Fingerprints 

The marginal areas of digital photography represent statistically complex curves in the image, 

along which there is a sharp change in brightness. It is proposed to use the Sobel operator as an 

algorithm for selecting edges [23]. This algorithm is based on calculating the approximate value of the 

brightness gradient. The advantage of the Sobel operator is the simplicity of calculations. The 

algorithm is based on image convolution in two directions - horizontal and vertical. The formation of 

a gradient image using the Sobel operator occurs according to the following rules: 

𝑔(𝑥, 𝑦) = ‖∇𝑓(𝑥, 𝑦)‖ = √𝑑1
2      + 𝑑2

2 

𝑑𝑖 = 𝑓(𝑥, 𝑦) ∙ 𝐻𝑖 
 

𝐻1 = 𝐻𝑦 = |

ℎ11
1 ℎ12

1 ℎ13
1

ℎ21
1 ℎ22

1 ℎ23
1

ℎ31
1 ℎ32

1 ℎ33
1

|=|
−1 −2 −1
0 0 0
1 2 1

| 

 

𝐻2 = 𝐻𝑥 = |

ℎ11
1 ℎ12

1 ℎ13
1

ℎ21
1 ℎ22

1 ℎ23
1

ℎ31
1 ℎ32

1 ℎ33
1

| = |
−1 0 1
−2 0 2
−1 0 1

| 

where 𝑓(𝑥, 𝑦) is the original digital image; ∇ is the gradient of the function of two variables; ∇ is 

mask for highlighting vertical brightness differences; Hx is mask for highlighting vertical brightness 

differences; Hy is a mask for highlighting horizontal brightness differences. 

5. Implementation of the Prewitt Algorithm for Highlighting the Boundaries 
of Fingerprints 

Prewitt [24] is a method of finding contours in image processing, which calculates the maximum 

limit of a set of convolution of cores to detect the local orientation of the edge for each pixel. The 

Prewitt Edge Detector file is an appropriate way to estimate the size and orientation of an edge. 

Although Differential Gradient Edge Detection requires a fairly time-consuming calculation to 

estimate orientation by magnitudes in the x and y directions, Previtt edge detection obtains orientation 

directly from the nucleus with the maximum response. The set of cores is limited to eight possible 

orientations; however, experience shows that the most direct estimates are not much more accurate. 

On the other hand, a set of cores requires eight convolutions for each pixel, while a set of cores in the 

gradient method requires only two, one core is sensitive to the edges in the vertical direction and one 

to the horizontal direction, as shown in Fig. 1. 

 

 
Figure 1: Implementation of the Prewitt method for finding image contours 
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This algorithm works on the principle of determining the maximum response on the set of matrices 

used to detect the local orientation of the boundaries in each pixel. Various matrices are used for this 

purpose. You can get eight from one matrix by rearranging its coefficients. The maximum value of 

each pixel is the pixel in the resulting image. Its values  an be in the range from 1 to 8, depending on 

which matrix gave the greatest result. This method is also called border pattern substitution. The 

image is mapped to a set of templates, each of which shows the location of the borders. Then the 

location of the border in the pixel is formed by a pattern that most closely matches the nearby pixel in 

the neighborhood. 

6. Experimental Investigations 

Experimental studies of the separation of the edges of the papillomas of the fingers were 

performed on the basis of the Prewitt method, and the separation of the border by the Prewitt method 

along the X and Y axes, the Sobel algorithm horizontally and vertically was studied, and the 

boundaries were separated by the Canney method. The results of the experiments are shown in Fig. 2, 

3 and 4 for three different fingerprint samples. Visually, different results are observed, but each of the 

processed fingerprints has its own positive aspects of recognition. Before applying the edge selection 

methods, it is advisable to filter the image from the effects of noise, which are described in [25, 26]. 

The hardware used in this study in preparation for the experiments is shown in [27, 28]. In general, 

the construction of the information system is built in [29]. Real-time synchronization for computer 

vision systems is presented in [30]. Statistical estimates of the developed experiments are taken from 

[31], but in this study are not given. [32] shows machine learning tools for fingerprint identification. 

 

    
a b c d 

    
e f g h 

 

Figure 2: Sample 1: (a) Original image; (b)Prewitt X filtered image; (c) Prewitt Y filtered image;  
(d) Prewitt filtered image; (e) Sobel filtered image; (f) Sobel X filtered image; (g) Sobel Y filtered 
image; (h) Canny filtered image 
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Figure 3: Sample 2: (a) Original image; (b)Prewitt X filtered image; (c) Prewitt Y filtered image;  
(d) Prewitt filtered image; (e) Sobel filtered image; (f) Sobel X filtered image; (g) Sobel Y filtered 
image; (h) Canny filtered image 
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Figure 4: Sample 3: (a) Original image; (b)Prewitt X filtered image; (c) Prewitt Y filtered image;  
(d) Prewitt filtered image; (e) Sobel filtered image; (f) Sobel X filtered image; (g) Sobel Y filtered 
image; (h) Canny filtered image 

7. Conclusions 

The paper shows the experiment as an element of pre-processing or for subjective evaluation [33-

36]. In addition, this study shows the possibility of applying these methods in other areas [14, 25, 37–

40]. The effectiveness of the considered methods in new / other areas is planned to be investigated in 
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further works. The paper mentions the procedure of objective evaluation of efficiency and shows the 

way to the implementation of automatic fingerprint comparison. 

The fact that in some conditions or for certain tasks a certain method is more effective than 

another, and in others on the contrary - this is normal. And, it is these experiments that have roughly 

shown which method is the most effective for extracting informational features from fingerprints and 

we can work with them further. And which is inefficient and no need to spend effort on it when 

solving problems of automatic analysis of fingerprints. 
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