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The information technologies are spreading in the modern world and are one or more
interconnected software products for a particular computer that helps the user achieve this
aim. Every day we receive a wealth of digital information, such as emails, articles on the
Internet, messages in various communication systems, and more. Therefore, the issue of
qualitative and rapid verification of its authenticity, namely, elements such as digital
images, is very timeliness. Digital images are often not original. They have different types
of integrity violations, such as cloning or collage. After applying these operations, the
different filters for blurring, brightness and contrast variation, sharpening, etc. often are
used to hide the digital image processing.These operations are performed by graphic editors
such as GIMP. In this graphic editor, which is a free analogue to the Adobe Photoshop
graphic editor, sharpening is implemented as an Unsharp Mask Filter. A review of open
source literature has shown that little attention is paid to detecting artificial sharpening.
From open sources it is known about the method for detection of artificial sharpening based
on the analysis of close color pairs of the image matrix. Its main disadvantage is the high
number of the type | errors and the type Il errors. This fact leads to the development of new
methods and algorithms for detection this type of image processing. The object of this work
is to detect artificial sharpening of a digital image as an integrity violation. A study is
conducted in which the formal parameters of the digital image matrix were revealed,
indicating the presence of artificial sharpening. A quantitative estimation of the qualitative
differences between processed and raw images is obtained and used as a threshold for
detecting artificially sharpened images. An algorithm for the detection of the artificial
sharpening of a digital image is developed and its efficiency is estimated, According to this
algorithm, the number of the type | errors is 3,8%, and the number of the type Il errors is
9,8%. The development potential of this work is to improve the detection of different ways
of artificial sharpening the digital image.

Keywords: sharpening detection, digital image, integrity violations, information protection,
Unsharp Mask Filter, sharpness factor, histogram peak

Introduction

In today's fast-paced technology world, when almost everyone has their own computer,
the number of different applications, including applications for the image processing, is
grown dramatically. As a result of growing competition in the software market, in an effort to
pay attention to their product, developers make them as cheap as possible, and even
completely free of charge. As a result, image processing tools become available to any user of
a personal computer or smart phone. But this availability of the processing tools has
contributed to the rise of cybercrime. Using photo editors is not uncommon today. The most
common image processing is used to remove any shortcomings digital image (DI). However,
this may also indicate an attempt to conceal the forgery. By the widely available Internet,
spreading false information is extremely easy and fast. As a result, the facts may be distorted,
and this may affect public opinion, which will have a negative social impact. The
consequences can be even worse, especially in justice, when photos are presented as
evidence [1].
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There are many such situations, which is not surprising given that access to the DI is
open and the number of situations caused by false information obtained through the DI
increases every second. Based on that, manipulation of the visible surface of the image or
invisible parts is performed, manipulation methods can be classified as the forged image or
the steganographic image. The damage to the image can be done either by modifying the
context of the scene elements, or without modifying the context. Otherwise, the journalist
deceives the opinion that the objects of the image are something else from what they really
are, but the image itself does not change.

Fig. 1 shows an image published in November 1997 after 58 tourists were killed in a
terrorist attack at the Hatshepsut Temple in Luxor, in which a puddle of water has been
digitally altered to make it look like blood flowing from a temple [2].
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Fig. 1. Photo of the Temple of Hatshepsut after the terrorist attack: a — forged image; b — the
original image

Thus there is a high demand for a valid and reliable authentication method to
distinguish whether the picture is original or not. Sharpening is one of the most common ways
to process forged DI. However, despite the popularity of this filter not much is known about
the methods for the sharpening detection.

A method for detection image processing by sharpening filter is published in [3].

A blur detection method is based on the analysis of the growth rate of the corresponding
singular values. The threshold value for the growth rate of singular values is determined. In
case of exceeding the threshold value, it is concluded that the images is not blurred, otherwise
the images is considered blurred. In this situation, though, using sharpness increases the
growth rate of the singular values, but it is impossible to set a threshold value, since different
images will be characterized by different sharpness and different growth rate of the singular
values, respectively.

The technical journal Informatics and Mathematical Methods in Simulation (# 2, 2018)
discusses an improved method for sharpening detection.

The method is based on the analysis of close color pairs with respect to the total number
of color pairs of digital image matrices. The difference between these values is currently large
enough to distinguish a threshold value that allows distinguishing the processed image from
the raw one, but it is necessary to find ways to increase the difference between these values to
reduce the number of errors in the method [4].

The ability to separate the true image from the artificially sharpened image will increase
the efficiency of the complex system of information protection. The methods covered by
publications today have proved to be ineffective in detecting sharpness due to the large
number of the type I errors and the type Il errors. It is not possible therefore to clearly identify
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a method that allows the separation of images processed by the sharpness filter from the raw
ones.

The aim of the paper

The aim of this work is to identify artificial sharpening the digital images as an integrity
violation.

In order to achieve this aim, it is necessary to solve the following problems:

e identifying the formal parameters of the DI matrix indicating the presence of
artificial sharpening;

e oObtaining a quantitative estimation of the qualitative differences between the
obtained parameters when the first problem is solved; a quantitative estimation can be used as
a threshold value to separate the processed DI from the original ones;

e developing an algorithm for detecting artificial sharpening of DI and evaluating its
effectiveness.

Main Part

As DI processing medium, GIMP is selected because it is one of the most popular free
image editors. GIMP is an example of the embodiment of the simple idea of Peter Mattis
which is to create a graphic application for DI processing (similar to Adobe Photoshop).
GIMP is designed to provide an intuitive graphical user interface for a variety of the image
editing operations [5].

Today, GIMP is a cross-platform graphic image editor that works with raster graphics,
but also partially supports the vector ones and is available for GNU/Linux, OS X, Windows,
and other operating systems. It is free software where anyone can modify its code and
distribute modification [6].

In order to sharpening the image, the Unsharp Mask Filter is used. The Unsharp Mask
Filter makes clearer edges of the elements without increasing the noise and without disturbing
the visual perception stability. Therefore, it is one of the best sharpening filters.

To examine the image for post processing, histograms of each color component of the
DI represented in the RGB color model are considered. Histogram is bar grah of the image
halftone distribution in which brightness is represented on the horizontal axis, and the number
of pixels of the image block with brightness values is represented on vertical axis.

By examining 700 images of different types, we were able to identify some regularities
in the histograms of the color components of the DI.

As a result, examining of the histogram of the B color component (RGB image)
revealed a noticeable increase in the number of pixels whose brightness value is 0 (Fig. 2).
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Fig. 2. Histogram of the B component: a — before processing; b — after processing
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The increase in pixels with zero brightness after filter processing increased significantly,
but the increase in black was noticeable before processing. Therefore, the histogram of the G
component (Fig. 3) should be considered further.
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Fig. 3. Histogram of the G component: a — before processing; b — after processing

The histogram of this component also showed a noticeable increase in pixels with zero
brightness. However, unlike the results obtained from the B component, there is no increase
in black values on the original G channel, but it has appeared after processing. In order to
obtain a complete estimate of the deformation of the color components of the DI after
processing, the R histogram is examined.

The result of the study of the histogram of the R component is the increase of zero
pixels of this component also (Fig. 4).
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Fig. 4. Histogram of the G component: a — before processing; b — after processing

Fig. 5 shows the histograms of all three color components at once.
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Fig. 5. Histogram of the RGB color components: a — before processing; b — after processing
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Generally speaking, it can be argued that using the Unsharp Mask Filter for the image
affects all three RGB components of the DI simultaneously. On this basis, it is further
advisable to consider the histograms of all three color components at once.

As a result of the joint examination of the histograms of the RGB component of the
other DI, it becomes apparent that after the processing of the DI by the filter, there is a
significant increase in the amount of black in all components simultaneously. Such an
increase in black will be referred to as the black peak. Although such peaks appear in the DI
after processing, they can also be present in the components of the original image. Therefore,
it is worth examining this feature on a larger number of the DlIs for a complete estimation.
The results are (partially) presented in Table 1.

Table 1.
Results of finding black peaks in the DI
Before processing After processing
# Red Green Blue Red Green Blue
1 - - + + + +
2 + + + + + +
3 - + + + + +
4 - + + + + +
5 - - + + + +
6 + - + + + +
7 - - + + + +
8 - - + + + +
9 - - + + + +
10 - + + + + +

If the black peak is found, the symbol "+" is entered in the table, but if there is no
increase in black then symbol "-" is entered in the table.

As a result of the experiment, it becomes apparent that in the vast majority of images,
peaks appear in one or two color components or are absent in any. After processing the digital
images by the Unsharp Mask Filter, the peaks appear in all three histograms of the color
components, thanks to this feature and we will construct an algorithm. However, for
sufficiently contrasting images, the increase of zero values may also be noticeable before
processing.

It should be noted that in some cases it is quite difficult to visually estimate the increase
of black in the histograms due to the different filling of the color components in different Dls.
Therefore, referring to the histograms in Fig. 5, it should be noted that the peaks relative to
other close values of the brightness of the considerate component, due to the application of
the sharpness filter, become similar in all three components.

This uniformity is caused by the uniform processing of each of the RGB components
and has not yet occurred in the original image. Based on this, we will only estimate the peak.
But we will give an estimate as a percentage, since the quantitative filling of the brightness
values of each component is very individual and depends on many criteria of the DI itself,
such as priority in color interpolation, illumination, CCD matrix, etc.

Let R, G, and B be the matrices of the red, green, and blue components of the digital
image, (rij, gij, bij) is the triad of digital pixel components with coordinates (i,j). Using these
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notations, we will construct an algorithm for sharpening detection:

Step 1. For the R matrix, r equal to the number of (0, gi;, bij) triads and r' equal to the
number of (1, gij, bjj) triads are found.

Ifr=0,

then it is considered the image is not processed by the Unsharp Mask Filter,

otherwise go to Step 2.

Step 2. For the matrix G, g equal to the number of (ri;, O, bjj) triads and g' equal to the
number of (ri;, 1, bjj) triads are found.

Ifg=0,

then it is considered the image is not processed by the Unsharp Mask Filter,

otherwise go to Step 3.

Step 3. For matrix B, b equal to the number of (ri, gij, 0) triads and b* equal to the
number of (rij, gij, 1) triads are found.

Ifr=0,

then it is considered the image is not processed by the Unsharp Mask Filter,

otherwise go to Step 4.

Step 4. If r<r'ab6o g<g' abo b<b',

then it is considered the image is not processed by the Unsharp Mask Filter,

otherwise go to Step 5.

Step 5. The sharpness factor K is obtained according to the formula (2.1) by calculating
previously the percentage of the difference of the triads r and r' for the red component rR by
the formula (2.2), similarly the percentage of the difference of the triads g and g' for the green
component rG by the formula (2.3) and the percentage of the difference of the triads b and b’
for the blue component rB by the formula (2.4):

‘ R = rG|+|rG —rB|+|rB - IR

3 1)
wherein
R - w )
_(9-g')*100
rG = —g : 3)
_ (b—Db")*100
e @

Step 6. If K <16,
then it is considered the image is processed by the Unsharp Mask Filter,
otherwise the image is original.

Results and Discussion

In Table 2, it can be observed the results of the study in the DIs before processing by the
Unsharp Mask Filter.

As can be seen from the results presented in these two tables, the desired sharpness factor
of the DI after the application of the specified filter is significantly reduced compared to the
same characteristic before processing the digital image. This feature makes it possible to
detect the integrity violation of the image by artificially sharpening.
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Table 2.
Results of the study in the DIs before processing
Before processing
DI # 'R rG rB IrR-rG| [rG-rB| [rB-rR| K
1 | 59.61401 | 46.18474 | 82.5343 | 13.42927 | 36.34956 | 22.92029 | 24.23304
2 | 24.10318 | 54.27052 | 74.43302 | 30.16735 | 20.16249 | 50.32984 | 33.55323
3 37.92185 | 59.46909 | 82.9935 | 21.54724 | 23.52441 | 45.07165 | 30.04777
4 41.5703 | 49.04473 | 79.13701 | 7.474431 | 30.09228 | 37.56671 | 25.04448
5 0 25.10154 | 83.7167 | 25.10154 | 58.61516 83.7167 55.81113
6 48.54641 0 80.12792 | 48.54641 | 80.12792 | 31.58151 | 53.41861
7 | 53.02198 | 1.935484 | 87.22527 | 51.08649 | 85.28979 | 34.2033 | 56.85986
8 0 0 47.77889 0 47.77889 | 47.77889 | 31.85259
9 0 41.89189 | 55.90361 | 41.89189 | 14.01172 | 55.90361 | 37.26908
10 | 47.31138 | 57.60901 | 84.12761 | 10.29763 | 26.5186 | 36.81623 | 24.54415
Table 3 shows the results of the study in the same Dls after processing by the Unsharp
Mask Filter.
Table 3.
Results of the study in the Dls after processing
After processing
DI # rR rG rB [rR-rG| [rG-rB| [rB-rR| K
1 08.69817 | 98.48332 | 95.83575 | 0.214851 | 2.86242 | 2.64757 | 1.90828
2 08.59418 | 98.55068 | 98.48153 | 0.043497 | 0.069148 | 0.112645 | 0.075096
3 97.8734 | 97.90032 | 97.16821 | 0.026917 | 0.732104 | 0.705188 | 0.488069
4 97.0169 | 97.10855 | 96.08312 | 0.091656 | 1.025433 | 0.933777 | 0.683622
5 08.82973 | 98.81233 | 98.48181 | 0.017402 | 0.330515 | 0.347917 | 0.231944
6 99.33043 | 99.34721 | 99.30064 | 0.016777 | 0.046571 | 0.029794 | 0.031047
7 99.0403 | 98.99713 | 98.9642 | 0.043163 | 0.032937 | 0.076101 | 0.050734
8 97.64324 | 97.85388 | 96.28881 | 0.210643 | 1.56507 | 1.354427 | 1.04338
9 94.80096 | 93.9693 | 94.61643 | 0.831664 | 0.647135 | 0.184529 | 0.554442
10 | 98.73552 | 98.75984 | 98.35214 | 0.024321 | 0.407695 | 0.383375 | 0.271797

The experiment to determine the algorithm effectiveness is carried out. For its
implementation, it is used 500 own images obtained with a smartphone and 200 images
obtained with modern digital cameras (owned by NRCS). The digital images after application
of artificial sharpening filter (Unsharp Mask Filter) are stored in a lossless format in the
graphic editor GIMP. The GIMP editor is multifunctional. It can be used as a simple graphic
editor, as a professional photo retouching application, as a network batch image processing
system, as an image playback program, as an image format converter, etc.
The digital images of lossless formats (*.TIF, *.BMP, *.PNG) is taken according to the
GIMP quality standard. The images used for the experiment are arbitrary in size. The
efficiency of the developed algorithm is estimated in terms of type I and type Il errors.
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The type | errors mean incorrectly rejected the application of the filter; the type Il errors
mean the case when the raw DI is mistaken for the processed one. Table 4 shows the results of
the analysis.

Table 4.
Analysis of the algorithm effectiveness
Type | errors Type |l errors
The original image - 9.8%
The image processed by the Unsharp 3.8% i
Mask Filter '

According to the results of the study, the following conclusions can be drawn. The
developed algorithm has high efficiency. This algorithm also has the applicability restrictions.
Firstly, it is only tested for the particular filter in the particular graphic editor. Secondly,
studies are not carried out with saving the processed DI in the lossy format.

However, all these disadvantages can be the subject of further development of this work,
as well as adjusting the formula to detect the application of the Unsharp Mask Filter in the
image in order to reduce the number of the type I errors and the number of the type Il errors.

Conclusions

It has been established that the DI post-processing as a DI forging has been given
insufficient attention, in particular to the detection of artificial sharpening of the digital image.
Methods known from open sources have a large number of the type | errors and the type Il
errors, so other methods for detection of the DI post-processing by this filter should be
developed.

The parameters of quantitative estimation of qualitative differences between the
processed digital images and the original ones have been revealed.

Based on these parameters, a threshold value is selected to distinguish the processed
images from the raw ones.

The algorithm for detection of the artificial sharpening of a digital image is developed
and implemented into sofware.

The efficiency of this algorithm is estimated, according to which the number of the type
| errors is 3.8%, and the number of the type Il errors is 9.8%.

References

1. The Scientific World Journal. Research Article. Digital Image Forgery Detection Using JPEG
Features and Local Noise Discrepancies [Enexkrponnnit pecype] // Pesxxum moctymy: World Wide
Web. — URL: https://www.hindawi.com/journals/tswj/2014/230425/ (nata 3seprenns 19.03.2019)

2. International journal of computer science and business informatics [Enexrpomunmii pecypc] //
Pexrm JOCTYITY o pecypcey: World Wide Web. - URL:
http://ijcsbi.org/ijeshi/index.php/ijcsbi/article/view/50 (nata 3Beprenns 18.03.2019).

3. 3opurno, B.B. MccnenoBanue BIMSAHUS TOBBIIMICHUS PE3KOCTH HA MaTEMAaTHYECKUE TMapaMeTphl

mudpoBoro n300pakeHus IS BBISBICHUS GoToMoHTaxka [EmexrponHuit pecypc] / B.B. 3opmio,
E.1O. JlebeneBa, A.W1. MatBeeBa, A.A. E¢umenko, B.A. Mokpuukuii // Pexum moctymy 1o
pecypey: World Wide Web. — URL: http://suchasnaspetstehnika.com/index_html_files/SST-2017-
2,%201-114_.pdf (mara 3Bepuenns 20.03.2019).

4. 3opino, B.B. Moaudikariiss anroputMy BHSBICHHS IITYYHOTO IiABHIIEHHS Pi3KOCTI IU(POBOro
300paxenns / B.B. 3opino, O.I. Kiocesa, I.B. 3opino // InpopmaTka Ta MaTeMaTHIHI METOAN B
mojemoBanHi. — T.8, No2. — 2018. — C.48-55.

165



V.V. Zorilo, O.V. Pyvovar, P.S. Safronov, O.Yu. Lebedieva, M.E. Shelest

How It All Started [Enextponnuii pecypc] // Pexum moctymy mo pecypey: World Wide Web. —
URL: https://www.gimp.org/about/prehistory.html (nata 3sepuennst 18.03.2019).
The Free & Open Source Image Editor [Enextponnuii pecypc] // Pexxum mocTymy a0 pecypcy:
World Wide Web. — URL: https://www.gimp.org/ (nara 3Bepuenns 18.03.2019).

AHAJII3 TUCTOI'PAM Y BUABJIEHHI HIIBUIIEHHSA PI3KOCTI
OUP®POBOI'O 306PA’KEHHA

B.B. 3opino!, O.B. [Tusosap?, I1.C. Cadporos?, O.FO. Jlebeaepal, M.€. Illenect?

1Onechkuil HalioHANBHMI MOMITEXHIYHMI YHIBEPCHTET,
npocn. [leBuenka, 1, Oxeca, 65044, Ykpaina; e-mail: vikazorilo@gmail.com
?HanjionanbHuii yHiBepcuTeT «UepHiriBchbka MoJiTeXHiKay,
Byi1. IlleBuenka, 95, Uepsiris, 14000, Ykpaina; e-mail: mishel3141@gmail.com

IndopmariiiHi TeXHOIOTIT HEBIJICTYITHO MOMIMPIOIOTHCSI B CYYaCHOMY CBITI 1 SIBJISIFOTH OJIMH
ab0 JMeKijbKa B3a€MOIOB'SI3aHMUX MPOrPAMHHUX TPOMYKTIB s TEBHOTO KOMITIOTepa, 3a
JAOIIOMOI'OI0 SIKMX KOPHUCTYBAa4d A0CsArae nocrasienoi metd. KoxkHoro AHA MU OTPUMYEMO
BEJIMKY KiJIbKiCTh IM(poBoi iH(OpMAIlii, TAKOi SK MOBIJOMJICHHS €IEKTPOHHOIO MOIITO0,
CTaTTi B Mepexi IHTepHeT, MOBITOMIIEHHS B PI3HUX CHCTEMax CIUIKyBaHHS Ta iHme. Tomy
JIy’K€ aKTyaJlbHUM II0CTA€ MUTAHHS SKiCHOT Ta MIBUKOI MepeBIpKH 11 TOCTOBIPHOCTI, a came,
TaKMX eJeMeHTIB sK wuudpoBi 300paxeHHs. [luppoBi 300paxkeHHS YacTo He €
OpHUTiHANBHUMHU. B HUX MaroTh Micle pi3HI THIM MOPYUIEHHS IUTICHOCTI, HalpUKIa,
KIOHYBaHHS 260 komax. Ilicis 3acTOCyBaHHs JaHHX OMEpaIliif 9acTO BHKOPHCTOBYIOTH
pizHi inbTpu s MacKyBaHHS — PO3MHTTS, 3MiHa SICKPaBOCTi, KOHTPACTHOCTI,
HiBUILEHHS pi3kocTi Tomo. JlaHi omnepaiiii BUKOHYIOTh 3aco0aMu rpadiyHUX PeaaKkTopiB,
Hanpukian, GIMP. B nanomy rpadiuynomy pepakropi, skl € OE3KOIITOBHHM aHAJIOIOM
rpagiuHoro penakropy Adobe Photoshop, migBuieHHs pi3KOCTi peani3oBaHO Y BHIJISII
¢inbTpy «Unsharp Mask». Orusi nitepatypu, AOCTYIHOI 3 BIIKPUTHX JKeped, TOoKa3aB,
IO BUSIBJICHHIO ILITYYHOTO IiJBUIIEHHS PI3KOCTI NPUALISIETHCSA IIy)KE€ Majo yBaru. 3
BIJIKPUTOIO JIPYKY BIJIOMO MPO METOJl BHSBJICHHS INTYYHOrO IMiJBHIICHHS PIi3KOCTI,
3aCHOBaHMI Ha aHai3i ONM3BKMX Map KOJNBOPIB Marpwuil 300pakeHHs. ['onoBHUil ioro
HEIOJIK — BUCOKa KiIBbKiCTh MOMHIIOK 1 Ta 2 pony. Lleit ¢akT crioHykae 10 po3poOKu HOBHX
METOIIB Ta AITOPUTMIB BHSBJICHHS IaHOTO BHIY OOpOOKHM 300pakeHHs. Mera naHol
poOOTH — BHUSBIIGHHS INTYYHOrO MiJBHUIICHHS PI3KOCTI HU(PPOBOrO 300pa)KEeHHS K
MOPYILEHHs HOro 1iticHocTi. [IpoBeneHo ToCiipKeHH s, B X0 SKOr'0 BUSBICHO (hopMabHi
rnapamMeTpyd MaTpHili HUPPOBOro 300paXKEHHsI, 1[0 BKa3YIOTh Ha HASBHICTh IITYYHOTO
IiBUIIEHHS Pi3KocTi. OTPUMAHO KIIBKICHY OIIHKY SIKICHUX BIJIMIHHOCTEH OOpOOJICHHUX Ta
HEoOpOOJIEeHUX 300paXkeHb, KOTPI BHKOPUCTaHO SIK IIOPOrOBE 3HAYECHHS IS BHSBICHHS
300pakeHb 31 INTy4HO TMiABHINEHOIO pi3KicTio. Po3pobieHo anroputM BHUABICHHS
LITYYHOTO IMiJABUIICHHS PI3KOCTI IM(POBOro 300pakeHHsS Ta MPOBEACHO OLIHKY HOro
e(eKTUBHOCTI, 3T1THO SKOI KUIBKICTh MIOMIIOK | pony ckiamae — 3,8%, moMmiku 2 poxy —
9,8%. llepcneKTHBH MOAAIBIIOIO PO3BUTKY JAHOI POOOTH MOJATar0Th y BAOCKOHAJIEHHI
BUABIICHHS Pi3HHUX CIIOCO0IB IITYYHOTO MiABHUIIIEHHS Pi3KOCTi IIU(POBOTO 300paskeHHS.
KarwuoBi ciioBa: BUSIBIICHHS MiIBUIICHHS PI3KOCTi, IM(pPOBE 300pa)KeHHs, MOPYIICHHS
iTicHOCTI, 3axucT iHpopMaii, ¢inbTp «unsharp mask», koedilieHT pi3KoCTi, TiK
ricrorpamu.
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WNHdopmanmoHHbIe TEXHOIOTHH MOCTOSHHO PAaCHpPOCTPAHSIOTCS B COBPEMEHHOM MHpPE U
MIPE/ICTABISIOT OJUH MM HECKOJIBKO B3aMMOCBS3aHHBIX IPOIPAMMHBIX HPOAYKTOB JUIS
OTPECNIEHHOTO KOMITBIOTEPa, C IIOMOIIBIO KOTOPBIX  IIOJB30BATENb  JIOCTHIAET
rocTaBleHHON nenu. Kaxaplii aeHb MBI MOMydaeM OOJbIIOE KOJIWYECTBO IM(PPOBOM
uH(OpPMAaILUK, TaKOW KaK COOOIIEHHE IO 3JIEKTPOHHOW IouTe, cTaTbu B ceTd MHTepHer,
COOOIIEHNSI B pa3IMYHBIX cHUcTeMax oOmieHus U npodee. [103TOMYy O4YEeHb aKTyaJlbHBIM
CTQHOBHUTCSl BONPOC KAaUYECTBEHHOW M OBICTPOM NPOBEPKU €€ JTOCTOBEPHOCTH, a UMEHHO,
TaKHMX 3JIEMEHTOB KaK HU(ppoBbie n300pakenus. L{npposbie n300paskeHnst 4acTo SIBISFOTCS
OpPUTMHAJIBHBIMA. B HHX HMEIOT MECTO pa3jM4Hble THIIBI HApPYIICHHs IIEJIOCTHOCTH,
HarpuMmep, KIOHMpPOBaHWE WM Kojutax. [locie mpuMeHeHHs AaHHBIX ONepanuii 4acTo
UCTIONB3YIOT Pa3iinuHble (PUIIBTPBI U1 MAacKHpOBKH - pa3MbITHE, W3MEHEHHE SIPKOCTH,
KOHTPAaCTHOCTH, IOBBIINICHUE PE3KOCTU U TOMY H0}106HOC. zlaHHI)IC Oonepanuun BBITTOJIHAIOT
cpeAcTBaMU Tpaduueckux pemakropos, Hampumep, GIMP. B ganHOM rpadudeckoM
penakTope, KOTOPBIN SIBJISETCsSI OSCIIaTHBIM aHanoroM rpaduueckoro pemakropa Adobe
Photoshop, moBsliieHre pe3kocT peanu3oBaHo B Buae ¢uiabtpa «Unsharp Mask». O630p
JIMTEPATYpPHI, JlOCTyHHOﬁ M3 OTKPLITBIX HCTOYHHUKOB, IIOKa3aJl, YTO BbIABJIICHUIO
HCKYCCTBCHHOI'O IOBBINICHUSA PE3KOCTH YACIIACTCS OYC€Hb MaJI0 BHUMAaHMUA. U3 OTKPBITOT'O
neyatu MU3BECTHO O MCETOAC BbIABJICHHA HWCKYCCTBEHHOI'O IIOBBIIICHHSA PE3KOCTH,
OCHOBAHHBIA Ha aHaiKM3e ONM3KUX Tap LBETOB MAaTpUIlbl M300paxkeHus. [J1aBHBINA ero
HEJJOCTATOK - BBICOKAs KOJMYECTBO ommOOK 1 u 2 poma. DTOT dakt modyxmaer K
pa3paboTke HOBBIX METOJOB U aJIrOPUTMOB OOHAPYKEHHUsS NaHHOTO BHAa 00pabOTKH
n3o0paxenus. Llens qaHHON pabOTHI - BBIBIEHHE UCKYCCTBEHHOI'O IOBBIMICHUS PE3KOCTH
1ppoBOro n300paXKeHHs Kak HapyleHHe ero nenocTHoctu. IlpoBeneHo nccnenosanue, B
X0Jle KOTOPOTO BBIABICHO (pOpMaibHBIE MapaMeTpbl MaTPHLBI LU(POBOro H300paXKeHMs,
yKa3bIBaIOIME HAa HAJIMYHE HCKYCCTBEHHOIO TOBBIMIEHHA pe3KocTu. [lomydeHo
KOJIMYECTBEHHYIO OLCHKY KaueCTBEHHBIX DPa3IH4Mil 00paOOTaHHBIX M HeoOpaGOTaHHBIX
n300pakeHU, KOTOpBIE HCIOIb30BaHbI KaK IIOPOroBOE 3HAUCHUE [UIS  BBISBICHUA
m300pakeHU C HCKYCCTBEHHO IIOBBIMIEHHOM pe3KoCThi0. Pa3paboran  airoputm
BBISIBJICHUS HCKYCCTBEHHOI'O ITOBBILIEHHS PE3KOCTU LU(PPOBOro H300paKeHHs M IPOBEIeHA
oleHKa ero 3(p(HeKTUBHOCTH, COIIACHO KOTOPOH KOMMYECTBO OIIMOOK 1 poma cocTaBisier -
3,8%, ommbOku 2 poma - 9,8%. IlepcnekTHBEI NanbHEWIIETO Pa3BUTHSA AAHHOH pabOTHI
3aKJII0YAIOTCS B COBEPIICHCTBOBAHHMHM BBIABICHUS PA3IMYHBIX CIIOCOOOB HCKYCCTBEHHOI'O
TIOBBILICHUS PE3KOCTH HUPPOBOTro U300paKEHHUSI.
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