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Abstract. This article discusses the algorithm and the results of the software implementation, which
was developed during the creation and research of algorithms to improve the visual properties of digital
images. Images from the TID2013 database were used as a test image to test the results of the software.
A database of digital images Mylmages with different types of distortion from real scenes was created.
Evaluation measures were used to validate the quality evaluations of digital images. Pearson's correlation
is used for comparison with a reference, and the CLRIQA algorithm is used to evaluate images without a
reference. Visual evaluation of the quality of digital images was carried out using social networks. All
processed images were estimated on a 5-point scale: 1 — satisfied, 2 — bad, 3 — satisfied, 4 — good, 5 —
very good. All results were validated by indicators. Pearson's correlation coefficient, Spearman’s rank
correlation and Kendell's correlation coefficient were used to determine the compliance between objective
and subjective evaluations. The final testing of the proposed algorithms based on Mylmage and TID2013
shows the best result in the range of [0.71-0.83]. This testifies that the objective indicators of image eval-
uation agrees well with the visual opinions. The developed algorithms for improving the visual quality of
digital images are integrated into the Autolmage program. This program received a certificate of state
registration of a computer program (rights No. 30080 dated November 8, 2022).

Keywords: image quality, digital image, image evaluation, unreferenced evaluation, objective indica-
tors.

AHOamna. byn wmakanada caHObiKk 6eliHeniepOiH eu3yandbl canacbiH XXakcapmyfra HezizoeneeH
aneopummOepdi Kypy xoHe 3epmmey 6apbicbiHOa o83iprieHeeH bardapnamarnbiK KammaMaHbiH
anaopummi MeH OHbl Xy3e2e acbipydarbl Homuxxesnepi kapacmelpbliadbl. bardaprnamarbiK KammamaHbiH
HamuxernepiH mecminey ywiH cbiHak 6etiHenepi pemiHde TID2013 6eliHeKkopbiHOarbl UugprbiK beliHenep
natidanaHbindsl. CoHdal-aK, epmyprni 6ypmanaHy myprnepi 6ap Hakmbl KepiHicmepOeH KypbirraH
Mylmages uugppnbik beliHenep Kopbl kondaHbindbl. Lugpnbik 6eliHenepdiH canacklH pacmay YWiH
b6aranay enwemdepi KondaHbinadbl. Cypemmepdi smanoHMeH canbicmblpy apKbiibl baranay ywiH
lMupcoH koppensyusicel, cypemmepdi amanoHcbl3 baranay ywiH CLRIQA anzopummi KondaHbiiadsbi.
CaHobik 6eliHenepdiH canacbkiH 8u3yandbl baranay aneymemmik xeninepi apKbifibl Xy3eae acbipbliobi.
Bapnbik eHOenzeH cypemmep 5 6andbiK wkana 6olbiHwa 6aranaHobl: 1 — KaHarammaHap/ibIKCbi3, 2 —
Hawap, 3 — KaHarammaHaprblK, 4 — xaKkcbl, 5 — eme xakcbl. bapnbiK HomuXenep KepcemkiwumepmeH
pacmanadbl. O6bekmusmi xsHe cybbekmuemi baranaynap apacbiHOarbl colikecmik O8pexeciH aHblKmay
ywiH lNupcoH Koppensyus koaghgpuyueHmi, CriupmeH dapexeni Koppenauusi xeHe KeHdesnn koppensayus
KoagppuuueHmi KondaHbinadbl. Mylmage xoeHe TID2013 6eliHenep KopbiH KondaHbin XypaidineeH
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mecmineydiH KopbimbiHObICbIHOa Koppensayus koagpguyueHmi 0,71-0aH 0,83-ke OeliiH aybimkudbl. by
kepcemkiwmep beliHeHi baranaydblH 06bekmuemi enuiemoepiHid eu3yandbl MikipepMeH XaKCbl Colikec
KkenemiHiH kepcemedi. CaHObiKk beliHenepdiH 6u3yandbl canacbiH Xakcapmy VYWiH 83ipreHaeH
anzopummOep Autolmage bardapnamacbiHa bGipikmipinzeH xoHe J3EM 6ardapnamacbiHa asmopribiK
KYKbIKMbI pacmalimbiH MeMieKkemmik mipkey myparbl Kyanik anbiHFaH (2022 Xbinfbl 8 Kapawadarbl Ne
30080 KyKbIK).

Tyliin ce3dep: beliHe canackl, caHObIK beliHe, beliHeHi baranay, amanoHcbi3 baranay, o6bekmusmi
Kepcemkiwimep

AHHOmMauyus. B 0daHHOU cmambe paccmampuearomcsi aneopumM U pes3ynbmambl peanu3dayuu
npoepamMmMHO20 obecrieyeHusi, komopble bbinu pa3pabomaHbli 8 xode co3daHusi u uccredosaHusi aneo-
pummos 0Ors  ro8bIWeHUs 8uU3yarnbHbIX ceolicme uugposbix u3obpaxeHul. [ns mecmuposaHusi
pesynbmamos rpospaMMHO20 obecrieyeHuUs 8 Kadecmee mecmogo20 u306paxeHusi UCMOb308aHb!
usobpaxeHusi u3 6asbl TID2013. A makxe co3daHa 6a3a yughposbix uzobpaxeHuli Mylmages ¢ pasHbimu
munamu UCKaXeHUs U3 pearibHbIX cUeH. Ymobbl nodmeepdumb OUeHKU Kadecmea yughposbix usobpaxe-
Hul ucronb3yrmcs Mepbl OUeHKU. [ns cpasHeHuUsi ¢ amasnoHOM ucronb3yemcs Koppenayus NupcoHa,
Ot oueHku usobpaxeHull 6e3 amarnoHa ucrnonb3yemcs anzopumm CLRIQA. Bu3syarnbHasi oueHKa Kade-
cmea yugposbix ulobpaxeHul nposodunack C MOMOWbIO coyuarnbHbix cemel. Bce obpabomaHHbie
u3obpaxkeHus oueHusanuck o 5 banbHol wkane: 1 — HeydosnemeopeHo, 2 — roxo, 3 — ydosnemsope-
HO, 4 — xopowo, 5 — o4yeHb xopowo. Bce pe3dynbmambl nodmeepx0eHbl nokasamenamu. s onpedene-
Husi cmeneHu coomeemcmausi Mex0y 06beKmMUBHbLIMU U CyOBLEKMUBHBLIMU OUEHKaMU UCIOb3YMCS KO-
agppuyueHm koppensayuu [MupcoHa, paHeosas Koppensyus CrnupmeHa u KoaghghuyueHm Koppensyuu
KeHdenna. imozosoe mecmuposaHue npedroxeHHbIx anzopummos Ha 6asze Mylmage u TID2013 noka-
3bi8aem nyqwut pedynsmam 8 duana3oHe [0,71-0,83]. 3mo ceudemenbcmeyem o mom, Ymo ob6beKkmus-
Hbl€ MoKasamersu OUEHKU U306paxKeHuli Xopowo co2/1acyromcsi 8usyasbHbIMU MHeHUsiMU. PaspabomaH-
Hble anzopummbi O yrayHWeHUs1 8u3yaslbHO20 KavYecmea yughposbix U30bpaxeHuli UHmeapupo8aHbl 8
npoepammy Autolmage, Ha KOmMopyro MOy4eHo ceudemesibcmeo O 20CydapcmeeHHOU peaucmpayuu
npoepammbl 0nst IBM (npasa Ne30080 om 8.11.2022 200a).

Knrodeenle cnoea: kadecmeo usobpaxeHus, yugposoe uzobpaxeHue, oueHka uzobpaxeHul, 6e3s-
marsioHHas oueHka, 06beKmueHbIe rnokasamernu.

Introduction. Digital processing and digital analysis of images are increasingly being used in
various fields of science and technology, such as intelligent robotic systems, industrial control
systems, control systems for moving vehicles, remote sensing data processing, biomedical re-
search, new document processing technologies, and many others. The problem of improving
image quality holds a prominent place in all areas related to the processing and reproduction of
digital images [1-3].

Image acquisition, storage, transmission, viewing, and processing technologies have under-
gone incredible advances in recent years. Nowadays, the number of digital devices that repro-
duce digital images is increasing. The resulting digital images are often subject to various dis-
tortions, which leads to significant quality fluctuations. Examples of distortions occur during
image capture, compression, transmission, post-processing, etc. For example, incorrect focus, a
poor quality lens, or a shaky hand operating the camera can blur the image. Long exposures or
high sensitivity of 1SO can increase image noise pollution. Image data is often subjected to
compression algorithms that degrades image quality. Poor quality images can reduce the accu-
racy of various algorithms of personality recognition, medical and satellite images processing.
Accordingly, there is a need to improve the quality of these images. Therefore, in line with cur-
rent trends in improving the quality of digital images, it is necessary to develop algorithms and
improve existing methods for digital image processing, which allow improving the visual quali-
ty of digital images in automated mode.

Quality scores are needed to determine if one image is of better quality than another. Evalua-
tion of image quality based only on appearance can be biased, therefore, quantitative indicators
are crucial for qualitative comparison of images.

There are two main classes of image quality evaluation methods [2-5]: subjective and
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objective. In a subjective evaluation, looking at two images, a person can conclude that one is
better than the other or they are about the same. He can rank 3-5 images by visually assessing

their quality, for example, on a five-point scale: very low, low, average, above average, high.
A popular criterion for subjective evaluations of the quality of digital images at the moment

is a metric that can be written as [2]]:
dij=Tirer(j) —Tijs
dij—dy
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Where rj; is the evaluation of the i-th expert for the j image, rir(j) denotes the quality evalua-
tion that the i-th expert gave to the reference image,

Di is the average value of evaluation over all images, which is set by the i-th expert, and 4; is
the standard deviation. The DMOS metric takes values from 0-100. The larger the value, the
worse the quality of the tested image.

It is difficult to visually evaluate the quality of tens or hundreds of images, and it is almost
impossible to rank them by quality level. This problem has given rise to a variety of measures
and functions that compute objective evaluations of digital images. Objective evaluation of im-
ages is performed algorithmically. Such an algorithm can use the original image to evaluate the
quality, that is, be referenced, or it can determine the quality without the presence of an un-
distorted copy of the image, that is, be unreferenced.

The main criteria for an objective evaluation of image quality are that the automatic evalua-
tion must correspond to the subjective MOS or DMOS metrics for the same images. To estab-
lish the degree of correspondence between objective and subjective evaluations, various metrics
are used: Pearson's correlation coefficient, Spearman's rank correlation and Kendell's correlation
coefficient [5].

Digital image quality evaluation has many applications in practice and plays a central role in
the development of many image processing algorithms and systems, as well as in their imple-
mentation, optimization and testing.

Literature review. Image enhancement is the improvement of image quality to a better and
more understandable level of visual appearance for future automated image processing such as
analysis, detection, segmentation, and recognition. Over the years, due to the development of
the field of image processing, many image enhancement methods have been proposed. Existing
digital image processing technologies make it possible to solve a fairly complex range of practi-
cal problems of identification, segmentation, measurement, recognition, etc. The main problem
of known image enhancement software products [6-9] is to define enhancement criteria. Several
image enhancement methods are empirical and require interactive procedures to obtain satisfac-
tory results. The authors [6] aim to develop methods that can first track user preferences in the
training set and then learn a model of these preferences to personalize image enhancement. In
[7], the user's preferences are estimated using RankNet, then the image enhancement parameters are
optimized to maximize the implied preference. Similarly, Hu et al. [8] use generative adversarial
networks to learn latent space from a pre-expanded collection of photographs and then sample from
this space to edit invisible images. Article [9] presents image enhancement personalization methods
that can be deployed in photo editing software as well as cloud image sharing services. The proposed
system [9] is based on a new interactive application that collects the user's improvement preferences.
The authors propose algorithms for predicting personalized improvements by learning a preference
model based on the information provided. Semi-automated image enhancement software helps users
enhance the visual appeal of images, however, requires depth knowledge of manual image editing.
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Therefore, automatic image processing is relevant for image analysis systems of various nature and
computer vision in general.

Materials and methods of research. This article discusses the algorithm and the results of the
software implementation, which were developed during the creation and research of algorithms
to improve the visual properties of digital images.

The software is designed to improve the visual quality of raster and color digital images. The
software algorithm is based on digital noise reduction, deblurring, contrast management, and
digital image restoration after JJEG2000 compression. The block diagram of the algorithm is
shown in Figure 1.

'

FFDNet

|

EDPN

)

GLADNet

I

Contrast control

Show
Image

Figure 1. Block diagram of the algorithm

FFDNet[10][11] is the latest image denoising method based on the Convolutional Neural
Network architecture. Unlike other existing neural network denoising tools, FFDNet has several
desirable properties, such as faster execution time and less memory, and the ability to handle a
wide range of noise levels with a single network model. The combination of noise reduction
performance and lower computational load makes this algorithm attractive for practical noise
reduction applications.

EDPNJ[12][13] is designed to restore a blurry image by making full use of intrinsic and inter-
scale similarity in a degraded image.

GLADNet[14][15] solves the problem of low light enhancement. The basic idea of the algo-
rithm is calculate the overall lighting score, then adjust the light and complete the details using
concatenation with the original input. The input image is scaled to a certain size and then placed
in an encoder-decoder network to obtain a global lighting a priori. For detailed reconstruction of
the input image, a convolutional neural network is used.

Power transformations are used to control contrasts, reduce or increase the brightness of
images, which have the form:
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S =c-1?Y, where ¢ and y are positive constants.

When y>1, the image brightness decreases, power transformations in this case are used to
eliminate too light areas of the image, and for y <1, the image brightness increases. Note that the
amplitude response of many devices used to capture, print, or render images follows a power
law. The procedure used to correct such a power characteristic is called gamma correction.

The Autolmage software consists of four tabs: Load Image, Enhance Image, Edit Contrast,
Save Image. The Python 3.7 development environment for the Microsoft Windows 10 operating
system was used to create the software. The main part of the program is written in Python, some
algorithms for digital image processing are implemented in MatLab2018 and C ++. The general
view of the software interface is shown in Figure 2.

Jarpysare molipaxene

Yigwanms wroGpaKenme

Vasreror kowTpact

3arpysute usobpaxeHune

Figure 2. Autolmage software interface

To test the results of the software, images from the TID2013 database[2] were used as a test
image. A database of digital images Mylmages with different types of distortion from real
scenes was also created. The Mylmages image database contains 18 digital images with
distortions as noise, blur, low contrast and compressed images. Images from the Mylmages
database are shown in Figure 3.

Figure 3. Images from the Mylmages database
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Quality metrics are needed to decide that one image is of better quality than another. Other-
wise, comparing image quality based only on appearance may be biased, therefore, quantitative
indicators are crucial for comparing images in terms of their quality. Pearson's correlation[17] is
used for comparison with reference and validation image enhancement and visual image quality.
Pearson's correlation was not carried out for images from the Mylmages database because it has
no reference. To evaluate images without a reference, the CLRIQA[18][19] algorithm is used.
All results are confirmed by indicators and recorded in Table 1.

All test images are processed with this software. Sample images are shown in Figures 4
and 5.

Figure 5. Sample images from the T1D2013 database

All enhanced images were visually evaluated using social networks. All processed images
were evaluated on a 5 — point scale: 1 — unsatisfied, 2 — bad, 3 — satisfied, 4 — good, 5 — very good.

Table 1. Objective and visual evaluations of enhanced images (mean)

Image Number of Objective evaluations Visual average
databases images Pearson correlation | CLRIQA | evaluations runtime
T1D2013 600 0.873 0.886 4.46 116.312 sec
Mylmages 18 0.835 4.35 118.105 sec

Pearson's correlation coefficient, Spearman's rank correlation and Kendell's correlation coef-
ficient were used to determine the degree of agreement between objective and subjective eval-

uations.
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Table 2. Correlation coefficient between objective (CLRIQA) and subjective evaluations

Image databases

Pearson correlation

Spearman correlation

Kendell correlation

T1D2013

0.79

0.83

0.72

Mylmages

0.77

0.81

0.71

Conclusion. The correlation coefficient can take values from —1 to +1. If the value is closer
to 1, then this means the presence of a strong connection, and if it is closer to 0, the connection
is weak or absent. If the value of the correlation coefficient between variables is above 0.70,
then it is considered as high correlation. In this study, the correlation coefficient ranges from
0.71t0 0.83 (Table 2). This testifies that the objective indicators of image evaluation agrees well
with the visual opinions.

The developed algorithms for improving the visual quality of digital images are integrated
into the Autolmage program. This program received a certificate of state registration of a
computer program (rights No. 30080 dated November 8, 2022).

The developed algorithms and software have been successfully tested, as evidenced by the
acts of implementation of Timal Consulting Group LLP, BigForest IP, Kh.Dosmukhamedov
Atyrau University, OIPII NAS of Belarus.
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