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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.
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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 x 3, 5 x 5, 7 x 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).

127



V. Zorilo, A. Matveeva, O. Lebedeva, M. Kozina

PPy Py | K K, Ky )
9 )

Py Ps Po||Ki Ks K |= ZH Pi Ki = Ps

P, Ps Py | ks Ks Ky

p, —elements of the image area; k, — core filter; p, —new pixel value.

Most use a matrix of 3 x 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.

~1-1-1
-1 9-11, 2)
~1-1-1

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. That’s why it 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; ¢ — 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 | and K size mxn, one of
which is original and the processed one, calculated using the formula:
m-1n-1
S3G ) -K3G D

MSE = 2
MN i=oj-o

PSNR is defined as:

PSNR =10log,, (MAXZ MAX

MAX; — 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 I; and get the following
image:

" image |, — I, processed by increase the clarity filter (2);

. image 1, -1, blurred by Gauss window of 5 x 5 filter and blur radius 2 with
further application of increase the clarity filter (2);

. image 1, — 1, blurred using a filter matrix (3) with further application of increase
the clarity filter (2);

. image |, —1, blurred using a filter matrix of 5 x 5 (1/25 x E, where E - the
identity matrix) with further application of increase the clarity filter (2);

. image I, — 1, blurred using a filter matrix (4) of 3 x 3 with further application of
increase the clarity filter (2);

. image 1, — 1, blurred using a filter matrix (5) of 3x3 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(I1,12),
%

(11, 12) 19.6470 —

(11, 13) 9.0490 54%

(11, 14) 37.0109 88%

(11, 15) 30.7402 56%

(11, 16) 34.2050 74%

(11, 17) 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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NIIABUIIEHHSA UITKOCTI HU®POBOTI'O 30O6PA’KEHHSA
B.B. 3opino, A.C. Matgeesa, O.10. Jlebenea, M.O. Ko3zina

Onecbkuii HalllOHAJIBHUIT MTOJITEXHIYHUH YHIBEPCHUTET,
IMpocm. [leBuenko, 1, Oneca, 65044, Ykpaina; e-mail: Jyzel@ramble.ru

®otorpadii € HEBiA €MHOIO i, 6€3yMOBHO, Ba)XXJIMBOIO CKJIAZOBOIO HANIOTO KUTTA. YacTto
MU CTHKa€MOCH 3 HEOOXIHICTIO MiJBUIIUTH YITKICTh HU(POBOro 300pakeHHs, HAIIPUKJIAI,
I yac BUpIMIEHHS 3ajad pos3Ii3HaBaHHS oOpa3iB abo 3 IHIMX Npu4yuH. Mertoau
ITiIBUIECHHS 9iTKOCTI HU(PPOBHX 300pakeHb Jy’Ke Pi3HOMaHITHI, KOXKEH Mae CBOIO 00J1acTh
3acTocyBaHHs. IIpore wacto mpu 00poOui LU(pOBOro 300pa’keHHS THM UM 1HIIMM
METOJIOM MOXYTb BHHHMKATH apTedakTH. MeTolo aaHOi poOOTH € IiJBUINEHHS YiTKOCTI
uudpoBoro 300paKeHHs 3 ypaxyBaHHSIM HEOOXiZHOCTI yHUKHEHHs aptedakti. s
JOCATHEHHS JaHOoi MeTH B pPOOOTI 3aCTOCOBAHO AaNTOPUTMH OOpOOKH IH(POBOTO
300pakeHHs, 3aCHOBAaHI Ha BMKOPHCTAHHI MaTpPHWIb 3TOPTKM pi3HMX THmiB. Ha mpukmani
TUTIOBHX 300paKeHb TOKa3aHO, sIKi IepeBard IpH MIBUIIEHHI YITKOCTI mmdpoBoro
300pakeHHs J1Ta€ BUKOPHCTaHHS KOMOIHAIlil ITMX aJTOPUTMIB y MEBHIM MOCIiZOBHOCTI.
[IpoBeneHo MOPIBHSUIBHUM aHali3 BIUIMBY pPi3HUX (INBTPiB Ha IOKPALICHHS YiTKOCTI
rQpoBoro 300pakeHHs Ta JTaHO PEKOMEHALlT 00 X BUKOPUCTaHHSI.

Karouosi ciioBa: nudpose 300paskeHHs, YITKICTh 300pa)KeHHs, MaTpUIs QiIbTpa, 3ropTKa,
00poOka 300pakeHs.
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MHNOBBIINEHUE YETKOCTHU IU®POBOT'O N30BPAXKEHUSA
B.B. 3opmio, A.C. Matseesa, E.1O. Jlebenesa, M.A. Kozuna

Opnecckuit HAMOHAIBHBIN TTOUTEXHUYECKUH YHUBEPCHUTET,
npocrr. [lleBuenko, 1, Onecca, 65044, Ykpauna; e-mail: Jyzel@ramble.ru

®ororpadun ABISAIOTCI HEOTHEMIIEMOW M, 0€3yCIIOBHO, Ba)KHOW COCTABISIOMICH HamIen
KU3HU. YacTo MBI CTalKHBaeMci C HEOOXOIMMOCTBIO MOBBICHUTH YETKOCTH ILH(PPOBOTO
M300paKeHMsI, HAIPUMeEp, NPU PELICHUH 3a/a4 Paclio3HaBaHHWsA 00pa30B WJM 10 IPYTHM
npuuuHaM.  MeToasl  TOBBIMIEHHS  YETKOCTH  LU(PPOBBIX  HM300paKEHUH  OYEeHb
pa3sHOOOpa3Hbl, KaKAbIH HMMEET CBOI 00jacTh NpuMeHUMOCTH. OJHAKO 4YacTo IpH
o0pabotke 1M(ppoBOro wn300paKEHHS TEM WIM HWHBIM METOJOM MOTYT BO3HHKATh
apredaktsl. llenpro fmaHHOW paboOTHl SBISIETCS TOBBINIEHHE YETKOCTH IHU(POBOrO
M300paKEHHS C YUETOM HE0OX0IUMOCTH n3bexarts apredakroB. /s JOCTHKEHHS TaHHOU
menn B pabdOTe WCHONB30BAaHBI AalTOPUTMBI 00paboTKM IH(pPOBOTO H300paskeHMs,
OCHOBaHHBIC HA WCIIOJIb30BAaHUM MATPUI] CBEPTKH pa3HbIX TUNOB. Ha mpuMepe TMOHYHBIX
M300paKeHUH II0KAa3aHO, KAaKWe IPEMMYILECTBA INPH IOBBIMIEHHH YETKOCTH ILHU(POBOTO
M300paKeHNsT JaeT WCIHONb30BaHME KOMOWHALMHM STHX AalTrOPUTMOB B OINpPEIEICHHOMN
HocJie1oBaTeNbHOCTU. [IpoBeieH CpaBHUTEIBHBIA aHATIN3 BIUSHUS Pa3IHYHBIX (HIBTPOB
Ha yJIydIIeHHE YEeTKOCTH IU(POBOTo M300paXEHHUsS M JaHbl PEKOMEHIAINH OTHOCHTEIHHO
UX MCIHOJIb30BaHMUSI.

KawueBble ciaoBa: nuppoBoe H300paKeHHE, YSTKOCTh M300pakeHusi, MaTpuiia GuibTpa,
CBEepTKa, 00paboTKa U300parKeCHHIA.
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