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Photos are an integral and certainly an important part of our lives. Often we are faced with 

a need to increase the clarity of digital image, for example, solving pattern recognition 

problems, or for other reasons. Methods of increasing the clarity of digital images are very 

diverse, each has its own range of applicability. However, there may be often artifacts by 

processing of digital image. The aim of this paper is to increase clarity of digital image with 

the possibility of avoiding artifacts. To achieve this aim the researchers used digital image 

processing algorithms, based on using different convolution matrix types. There are shown 

in typical images with increasing clarity of digital image what advantages is the use of 

combinations of these algorithms in a specific sequence. A comparative analysis of the 

impact of different filters to increase the clarity of digital images was conducted and gives 

recommendations by using them. 

Keywords: digital image, clarity image, matrix of filter, the convolution, image processing 

Introduction 

Photos taken by most digital cameras, are not sufficiently clear (may have low 

sharpness). This happens even with the images created by high-end cameras with high 

resolution display. Increased clarity - a highlight and underline the contours of objects, lines 

and borders to make them more distinct and noticeable. Improve the clarity of digital images - 

is to make sharper the edges of objects. 

Clarity - is one of the main parameters that characterize the quality of the image and 

shows the completeness playing small objects on it. Clarity also characterizes the degree of 

blurring boundaries around image objects [1]. Setting clarity (sharpness) is getting by 

increasing the contrast on the image contours to improve detail. 

However, the application field of sharpness filters is to avoid redundancy. Excessive 

sharpening create a very "rough" texture of the image, and "torn" outlines and shadows. That 

may be artifacts of sharpness field [2]. Artifacts are a wide range of micro-defects on the 

image. Noise can also be attributed to artifacts. Usually artifacts appear in tricky situations or 

with incorrect camera settings. Number artifacts significantly increases with the wrong or 

excessive computer processing. 

The aim of this scientific work is to improve clarity of digital images with the ability to 

avoid artifacts. 

Main part 

Modern graphics editors provide a wide range of filters to increase the clarity 

(sharpness) of digital images. But sometimes increase the clarity can cause to artifacts. 

The basis of most known methods of digital images sharpening is the use of spatial 

filters. The core or matrix filter – a coefficient matrix of 3 × 3, 5 × 5, 7 × 7, etc., which 

identified certain function [3]. The core filter used for the image using convolution operations. 

Convolution – a linear combination of elements values of the image (1). 
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ip  – elements of the image area; ik  – core filter; '

5p  – new pixel value. 

Most use a matrix of 3 × 3, allowing for more image processing [2]. During brightness 

filtration pixels of the original image are processed one after other and is determined by the 

color of the pixel through its values and pixel values that surround it. The core filter shows 

which value extends to each of the surrounding pixels and affect to the final result. [3] 

Filtration filter made moving windows on the image. 

The core filter to increase the clarity formed as follows: the central rate should be 

greater than 1, and surround it with not positive numbers whose sum in absolute is less than 

the central one, for example: next we will use in our experiments the following core filter (2), 

as the experiments have shown that it works very well with images made by shallow depth of 

represented space field. 
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Experimentally, it was found that increase the clarity leads to many artifacts when the 

image is made of shallow depth of represented space field (Fig. 1). 

 

Fig. 1. Example of images with shallow depth of represented space field 

 

These images have as clear and blurred areas. If the object on the image is sharp (is in 

focus), the increase of its sharp causes to artifacts on it. At the same time, the blurred areas of 

the digital image are more clearer. TСКЭ’s аСв Тt would be advisable to slightly reduce the 

sharpness of your own digital image that is to say blur it. 

The assumption that the previous blurred digital image (when the clear objects will 

become more blurred) further sharpening filter application will give the best results without 

artifacts, was confirmed in experiments, a typical example of which is shown on Fig. 2. 
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Fig. 2. Application of  increase the clarity algorithm: a – original image; b – without 

preliminary blurring; c – after blurring 

 

Fig. 2 shows an example of using  the increase the clarity filter without preliminary 

blurring. As we can see in the area, which was clear, there were artifacts. Blurry area became 

clearer. Fig. 2,c shows the result of using  the increase the clarity filter to image that was 

previously blurred. 

Even the subjective ranking shows that the area that was in focus, almost no sharpness 

artifacts, and the area that is out of focus, has also become clearer. However, conduct a 

quantitative assessment of improved clarity of digital images. 

Reliability perceptions will evaluate the classic way with a typical signal to noise ratio 

(PSNR), as measured by a scale in decibels (dB). The easiest way to define it by the standard 

deviation (SCR or MSE), for two monochrome or color images I and K size m×n, one of 

which is original and the processed one, calculated using the formula: 
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MAXI – a maximum value that is accepted image pixel; MSE – standard deviation; I, K – 

monochrome image; i, j – pixels. 

The experiment we will use a variety of matrix filters (3) - (5) for blur digital image and 

define the use of which matrix is the most successful in terms of increasing PSNR compared 
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with the case where the image before increase the clarity not  blurred. Matrix filters to blur 

images taken with a digital resource [2]. 
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The experiment is as follows. We have the original image I1 and get the following 

image: 

 image 12 II   processed by increase the clarity filter (2); 

 image 13 II   blurred by Gauss window of 5 × 5 filter and blur radius 2 with 

further application of increase the clarity filter (2); 

 image 14 II   blurred using a filter matrix (3) with further application of increase 

the clarity filter (2);  

 image 15 II   blurred using a filter matrix of 5 × 5 (1/25 × E, where E - the 

identity matrix) with further application of increase the clarity filter (2); 

 image 16 II   blurred using a filter matrix (4) of 3 × 3 with further application of 

increase the clarity filter (2);   

 image 17 II   blurred using a filter matrix (5) of 3×3 with further application of 

increase the clarity filter (2);. 

Compare the original image with each of the received tested images are presented in 

Table 1. 

 

Table 1. 

Result of comparison definition digital images after processing 

Pairs of images PSNR, dB Improved results 

compared to PSNR(I1,I2), 

% 

 (I1, I2) 19.6470  

 (I1, I3) 9.0490 54% 

 (I1, I4) 37.0109 88% 

 (I1, I5) 30.7402 56% 

 (I1, I6) 34.2050 74% 

 (I1, I7) 34.6821 77% 

 

As we can see from the table 1, the best results were obtained with matrix filter to blur, 

represented by (3). 
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Based on the experiments, the authors of this scientific work give next 

recommendations. If the aim of image processing is to improve clarity of details that are out 

of focus, and does not matter possibility of artifacts to clear objects, it is best not to use the 

previous blur, so not clear elements become more expressive. But if you want all the image 

details become clearer, and they were no visible artifacts on it, it should be used blur with the 

filter above to the digital image before increase its sharpness.  

Conclusions 

It was proposed in this paper, the way of increase of clarity the digital images, which 

avoids the sharpness artifacts by blurring previous processed file. It was conducted a 

comparative analysis of the impact of different filters for blur to improve the clarity of digital 

images and recommendations to use them. 

Further work the authors focused on a detailed study of the process sharpening a digital 

image. The results will be used to create a method of increase the clarity of digital image. 
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Ɉɞɟɫьɤɢɣ ɧаɰɿɨɧаɥьɧɢɣ ɩɨɥɿɬɟɯɧɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ, 
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Ɏɨɬɨɝɪаɮɿʀ є ɧɟɜɿɞ’єɦɧɨɸ ɿ, ɛɟɡɭɦɨɜɧɨ, ɜаɠɥɢɜɨɸ ɫɤɥаɞɨɜɨɸ ɧаɲɨɝɨ ɠɢɬɬя. ɑаɫɬɨ 
ɦɢ ɫɬɢɤаєɦɨɫь ɡ ɧɟɨɛɯɿɞɧɿɫɬɸ ɩɿɞɜɢɳɢɬɢ ɱɿɬɤɿɫɬь ɰɢɮɪɨɜɨɝɨ ɡɨɛɪаɠɟɧɧя, ɧаɩɪɢɤɥаɞ, 
ɩɿɞ ɱаɫ ɜɢɪɿɲɟɧɧя ɡаɞаɱ ɪɨɡɩɿɡɧаɜаɧɧя ɨɛɪаɡɿɜ аɛɨ ɡ ɿɧɲɢɯ ɩɪɢɱɢɧ. Ɇɟɬɨɞɢ 
ɩɿɞɜɢɳɟɧɧя ɱɿɬɤɨɫɬɿ ɰɢɮɪɨɜɢɯ ɡɨɛɪаɠɟɧь ɞɭɠɟ ɪɿɡɧɨɦаɧɿɬɧɿ, ɤɨɠɟɧ ɦає ɫɜɨɸ ɨɛɥаɫɬь 
ɡаɫɬɨɫɭɜаɧɧя. ɉɪɨɬɟ ɱаɫɬɨ ɩɪɢ ɨɛɪɨɛɰɿ ɰɢɮɪɨɜɨɝɨ ɡɨɛɪаɠɟɧɧя ɬɢɦ ɱɢ ɿɧɲɢɦ 
ɦɟɬɨɞɨɦ ɦɨɠɭɬь ɜɢɧɢɤаɬɢ аɪɬɟɮаɤɬɢ. Ɇɟɬɨɸ ɞаɧɨʀ ɪɨɛɨɬɢ є ɩɿɞɜɢɳɟɧɧя ɱɿɬɤɨɫɬɿ 
ɰɢɮɪɨɜɨɝɨ ɡɨɛɪаɠɟɧɧя ɡ ɭɪаɯɭɜаɧɧяɦ ɧɟɨɛɯɿɞɧɨɫɬɿ ɭɧɢɤɧɟɧɧя аɪɬɟɮаɤɬɿɜ. Ⱦɥя 
ɞɨɫяɝɧɟɧɧя ɞаɧɨʀ ɦɟɬɢ ɜ ɪɨɛɨɬɿ ɡаɫɬɨɫɨɜаɧɨ аɥɝɨɪɢɬɦɢ ɨɛɪɨɛɤɢ ɰɢɮɪɨɜɨɝɨ 
ɡɨɛɪаɠɟɧɧя, ɡаɫɧɨɜаɧɿ ɧа ɜɢɤɨɪɢɫɬаɧɧɿ ɦаɬɪɢɰь ɡɝɨɪɬɤɢ ɪɿɡɧɢɯ ɬɢɩɿɜ. ɇа ɩɪɢɤɥаɞɿ 
ɬɢɩɨɜɢɯ ɡɨɛɪаɠɟɧь ɩɨɤаɡаɧɨ, яɤɿ ɩɟɪɟɜаɝɢ ɩɪɢ ɩɿɞɜɢɳɟɧɧɿ ɱɿɬɤɨɫɬɿ ɰɢɮɪɨɜɨɝɨ 
ɡɨɛɪаɠɟɧɧя ɞає ɜɢɤɨɪɢɫɬаɧɧя ɤɨɦɛɿɧаɰɿʀ ɰɢɯ аɥɝɨɪɢɬɦɿɜ ɭ ɩɟɜɧɿɣ ɩɨɫɥɿɞɨɜɧɨɫɬɿ. 
ɉɪɨɜɟɞɟɧɨ ɩɨɪɿɜɧяɥьɧɢɣ аɧаɥɿɡ ɜɩɥɢɜɭ ɪɿɡɧɢɯ ɮɿɥьɬɪɿɜ ɧа ɩɨɤɪаɳɟɧɧя ɱɿɬɤɨɫɬɿ 
ɰɢɮɪɨɜɨɝɨ ɡɨɛɪаɠɟɧɧя ɬа ɞаɧɨ ɪɟɤɨɦɟɧɞаɰɿʀ ɳɨɞɨ ʀɯ ɜɢɤɨɪɢɫɬаɧɧя. 
Ключоɜі слоɜɚ: ɰɢɮɪɨɜɟ ɡɨɛɪаɠɟɧɧя, ɱɿɬɤɿɫɬь ɡɨɛɪаɠɟɧɧя, ɦаɬɪɢɰя ɮɿɥьɬɪа, ɡɝɨɪɬɤа, 
ɨɛɪɨɛɤа ɡɨɛɪаɠɟɧь. 
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Ɉɞɟɫɫɤɢɣ ɧаɰɢɨɧаɥьɧɵɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
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Ɏɨɬɨɝɪаɮɢɢ яɜɥяɸɬɫя ɧɟɨɬɴɟɦɥɟɦɨɣ ɢ, ɛɟɡɭɫɥɨɜɧɨ, ɜаɠɧɨɣ ɫɨɫɬаɜɥяɸɳɟɣ ɧаɲɟɣ 
ɠɢɡɧɢ. ɑаɫɬɨ ɦɵ ɫɬаɥɤɢɜаɟɦɫя ɫ ɧɟɨɛɯɨɞɢɦɨɫɬьɸ ɩɨɜɵɫɢɬь ɱɟɬɤɨɫɬь ɰɢɮɪɨɜɨɝɨ 
ɢɡɨɛɪаɠɟɧɢя, ɧаɩɪɢɦɟɪ, ɩɪɢ ɪɟɲɟɧɢɢ ɡаɞаɱ ɪаɫɩɨɡɧаɜаɧɢя ɨɛɪаɡɨɜ ɢɥɢ ɩɨ ɞɪɭɝɢɦ 
ɩɪɢɱɢɧаɦ. Ɇɟɬɨɞɵ ɩɨɜɵɲɟɧɢя ɱɟɬɤɨɫɬɢ ɰɢɮɪɨɜɵɯ ɢɡɨɛɪаɠɟɧɢɣ ɨɱɟɧь 
ɪаɡɧɨɨɛɪаɡɧɵ, ɤаɠɞɵɣ ɢɦɟɟɬ ɫɜɨɸ ɨɛɥаɫɬь ɩɪɢɦɟɧɢɦɨɫɬɢ. Ɉɞɧаɤɨ ɱаɫɬɨ ɩɪɢ 
ɨɛɪаɛɨɬɤɟ ɰɢɮɪɨɜɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɬɟɦ ɢɥɢ ɢɧɵɦ ɦɟɬɨɞɨɦ ɦɨɝɭɬ ɜɨɡɧɢɤаɬь 
аɪɬɟɮаɤɬɵ. ɐɟɥьɸ ɞаɧɧɨɣ ɪаɛɨɬɵ яɜɥяɟɬɫя ɩɨɜɵɲɟɧɢɟ ɱɟɬɤɨɫɬɢ ɰɢɮɪɨɜɨɝɨ 
ɢɡɨɛɪаɠɟɧɢя ɫ ɭɱɟɬɨɦ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɡɛɟɠаɬь аɪɬɟɮаɤɬɨɜ. Ⱦɥя ɞɨɫɬɢɠɟɧɢя ɞаɧɧɨɣ 
ɰɟɥɢ ɜ ɪаɛɨɬɟ ɢɫɩɨɥьɡɨɜаɧɵ аɥɝɨɪɢɬɦɵ ɨɛɪаɛɨɬɤɢ ɰɢɮɪɨɜɨɝɨ ɢɡɨɛɪаɠɟɧɢя, 
ɨɫɧɨɜаɧɧɵɟ ɧа ɢɫɩɨɥьɡɨɜаɧɢɢ ɦаɬɪɢɰ ɫɜɟɪɬɤɢ ɪаɡɧɵɯ ɬɢɩɨɜ. ɇа ɩɪɢɦɟɪɟ ɬɢɩɢɱɧɵɯ 
ɢɡɨɛɪаɠɟɧɢɣ ɩɨɤаɡаɧɨ, ɤаɤɢɟ ɩɪɟɢɦɭɳɟɫɬɜа ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɱɟɬɤɨɫɬɢ ɰɢɮɪɨɜɨɝɨ 
ɢɡɨɛɪаɠɟɧɢя ɞаɟɬ ɢɫɩɨɥьɡɨɜаɧɢɟ ɤɨɦɛɢɧаɰɢɢ ɷɬɢɯ аɥɝɨɪɢɬɦɨɜ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬɢ. ɉɪɨɜɟɞɟɧ ɫɪаɜɧɢɬɟɥьɧɵɣ аɧаɥɢɡ ɜɥɢяɧɢя ɪаɡɥɢɱɧɵɯ ɮɢɥьɬɪɨɜ 
ɧа ɭɥɭɱɲɟɧɢɟ ɱɟɬɤɨɫɬɢ ɰɢɮɪɨɜɨɝɨ ɢɡɨɛɪаɠɟɧɢя ɢ ɞаɧɵ ɪɟɤɨɦɟɧɞаɰɢɢ ɨɬɧɨɫɢɬɟɥьɧɨ 
ɢɯ ɢɫɩɨɥьɡɨɜаɧɢя. 
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