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AHHoTanus. Ma3skyp Hilia pakamin TacBUpiap cudaTHHH STaJOH acocuia 0aXoaliHu 3aMOHABHU
yCyJUlapy TaxJIWl KWiMHraH. TacBUpJapHU KaiiTa MILIAI, CHUKHII Ba y3aTHIN jXapaéHiapuaa to3ara
KeiaaauraH 6y3PIHPIHIHapHI/I AHUKJIaIl XaMJaa TaCBHUPHU THUKIIAID aJIrOpUTMIIapu caMapaJopIuTruHu
Oaxojaija Ky/UIaHWIaIuraH Kymiaad OOBEKTHB ME30HJIApHHM MaTeMaTHK acocjiapd Ba XUCOOJAIl
dopmynanapu kentupuirad. LyHuHrAek, xap OMp YCyJlHH Y3HMra XOC XyCyCHSTIIapuW Ba KyJUIaHWII
coxajgapu KypcaTwiaradH. TaakdKOT HaTH)Kalapd TACBUDJIAPHHM KaiTa WIUIAIl TEXHOJOTHSITAPUHH
PHUBOXIJIAHTHUPHUII Ba paKaMITi TacBUpJap cu(aTHHU OLMIMPHIN YIyH aMaliid axaMHsITra ora.

Kanur cy3nmap: taceup cudaTy, STaJOHIM 0axoJjail, pakamid TacBHp, OOBEKTHB Oaxosarl
ME30HJIapH, TACBUPHHU KaliTa MIILIAII, CHTHAJI-IIOBKUH HUCOATH.
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Abstract. This article analyzes modern methods for assessing digital image quality based on
reference images. Mathematical foundations and computational formulas of numerous objective criteria
used in detecting distortions arising during image processing, compression, and transmission processes, as
well as in evaluating the effectiveness of image restoration algorithms, are presented. Furthermore, the
specific features and application areas of each method are demonstrated. The research results have practical
significance for developing image processing technologies and improving digital image quality.

Keywords: image quality, reference-based assessment, digital image, objective assessment criteria,
image processing, signal-to-noise ratio.
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AHHOTanus. B 1aHHOI cTaThe NpoaHATM3UPOBAaHBI COBPEMEHHBIC METO/bI OLCHKH KadyecTBa
rdpoBIX M300paKEHHI Ha OCHOBE dTalloHa. [IpUBEICHBI MaTEeMaTHYECKHE OCHOBBI U BBIYHCIIUTEIbHbIC
(bOpMyIibl MHOTOYHCIICHHBIX OOBEKTHBHBIX KPHTEPHEB, NPHMEHSEMBIX Il OOHAPYKEHHUSI MCKaKCHUIA,
BO3HHUKAIOIIMX B Ipoleccax oO0pabOTKH, CKAaTHsi W Tepenadd HW300paXKeHHi, a Taroke Ui OLCHKH
3¢ (HEeKTUBHOCTH aIrOPUTMOB BOCCTAHOBICHHs U300pakeHuil. Takke IOKa3aHbl —creupHIecKre
OCOOEHHOCTH U 00JIaCTH MIPUMEHEHHS KaXI0r0 MeTo1a. Pe3ysibTaThl HCCIIeIOBAHUS HUMEIOT MTPAKTUYECKOEe
3HAYCHHE Ul Pa3BHTHs TEXHOJIOTHIl 00pabOTKM H300paKeHHIl M IMOBBIIMICHUS] KadecTBa H(MPOBBIX
n300paKeHNH.
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KiaroueBble cioBa: KayecTBO W300paKCHUs, OJTaJlOHHAs OLCHKA, HU(PPOBOE H300paKeHHE,
00BEKTUBHBIC KPUTEPHH OLICHKH, 00pabOTKa N300payKeHHUH, OTHOIIIEHHE CUTHAI -IIYM.

Kupum. Typnu coxanapaa MabIyMOTIapHU KaOyJl KWJIHII Ba yJIApHU TaxXJIMJ KUJIMIIAA paKkamiInd
TacBHpJIap MyXHM axaMHusTra sra XxucoOiaHaau. AWpuM xosuiap/a, yjiap TacBUpra OJWII, KaiTa WIUIAIlL,
CHKHIIL, CaKJall, y3aTHIIl Ba KYyMaWTHUpHUII XapaéHuaa Oy3wiHmuuiapra Moumin Oymmb, ymoly TacBUp
cudarunn nacaiitupaau. TacBup cudaTuan Oaxonail, aifHuKca Oy3wWiraH TaCBHPJIApHU SXIIMJIAI YIYH
TAaCBUpPHU THUKJIAIl AITOPUTMIIAPMHU KyJUlallla MyXuM axamusrtra sra. JKymianan, anropuTmiap
caMapaJopJIuruHu Oaxonail Ba ymoy aqropuTM MapaMeTplIapHHUHT MakOyJl KHHMaTJIapyuHH aHUKJIaIa
TacBup cu(at KypcaTkuuu 3apyp xucodnanamu. TacBup cudaTiHA 0axoJallHu UKKATA aCOCHN EHIaITyBU
MaBxXy Oy, ynap HHCOH UAPOKUTA acocIaHTaH CyObeKTHB XaM/la MaTeMaTHK yCyJiap Ba ajlrOpUTMIIap
OpKaJli amaira Ol pUIauran 0ObEKTUB TYPU XUCOOIaHA I .

OOBEeKTHB yCyJUlap 3TallOH TACBHP MaBXyUIMTHTa Kapald STaJOHIIM Ba 3TATOHCH3 UKKUTA Toudara
axpanani. Aci (Oy3WIHIICK3) TACBUP MaBXKy/| OyNraHia 3TAIOHIN YCyJ, aKC X0Ja dTATOHCU3 0axoall
YCYJIMHU KYIJlam Makcajra MyBoQuK Oynamu. Ma3kyp TaAKUKOT WIIN TacBUP CH(ATHHH ITATOH OHIIaH
0axoJI0OBUM ycCyJUIap TaxJIMIMTra OarviuiaHTaH. byHmail Me3oHmap OwiiaH MOuUiaml KyJai, YyHKH YJIapHU
XpcoOmanI coa Tap3/ia aMmaira omupriaal Ba ONTHMAJIAIITHPHUII KOHTEKCTH/IA MaTeMaTHK KUXATIaH
KyJ1aii, 3TaJIOHCH3 0axoJialll ycyjulapura Hucoarad Ty0laH F0OKOpY aHMKJIMKKA 3ra.

TacBup cudatuHu 3TajoH OWjiaH Oaxojall yCyJUIAQpMHH KEHI TapKaliraH ycyJiapud Kyiuaa
KeJITHPHIITaH.

SSIM (Structural Similarity) mokan EpKHUHINK, KOHTPAcT Ba TY3WJIMIIHHM XKCOOTa OJTaH XOJaa
WKKHTA TACBUP OPACHJIaTH YMYMHUH YXINAINUTUK UHJEKCHHN Xucoomaiu [1].

MSE (Mean square error) 6up xmw1 M x N ymaamnaru |, sranon taceup Ba |, umkysum taceup
MUKCEUITAPMHHUHT KBaJIPaTHK MHTEHCUBJIMIMHU YpTada XucoOal iyiu OuiiaH XucoOmaHau:
M N o o
> > (1o D)= 1,6, 1)) 1)
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MSE = —
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PSNR (Peak signal to noise-ratio)

(2'-1)
JMSE @

PSNR =101og,,
OyHIa n — TaCBUPHH OUT YyKYpIIUTH.
RMSE (Root mean square error):

RMSE = VMSE (3)
RASE (Relative Average Spectral Error):

RASE:% iz RMSE?(B,)’ (4)

i=1

Oynma P — sTanoH TacBUp NMUKceIap WHTEHCHBIMKIAPUHUHI YpTadacH, Q — TacBUP YaUaMmH,

(Bi ) — JTaJIOH TaCBUPH Ba Oy3WIITaH TacBHp ypTacumaru Gapk.
ERGAS (Erreur Relative Globale Adimensionnelle de synthese) [2]:

GSD,,, [1 & rRMSE(Bi)Z—I “

ERGAS =100 -
GsD,, Q| P |

GyHma Q — TacBup yiuamu, P, — acnTacBupnap yuys ypraua kuitmar, B, — TacBupnap ypracumaru

dapk, GSD,, Ba GSD,  moc paBumpa Gouuramrmu sTanoH Ba Oy3MiraH TacBHpIApHH (a3oBHii

Vadamiapu.
MSSIM (Mean Structural Similarity):

M
MSSIM =W, -SSIM | (6)

j=1
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oyma M — cudar xaputacumaru HamyHanap couu, 9SIM i j— HamyHagarn SSIM wuHzekce

kuitmaru. W ; 9ca j — HamyHara OepuIiIraH BasH Ba y KyWHJard ApTHU KaHOATIAHTUPHIIM 3apyp:

M
W, =1 @)
j=1
NCC (Normalized Cross-Correlation) [3]:
N

S S (G D)1, D]
i=1 j;l . (8)
> (1,3 )

1 j=1

NCC =

NAE (Normalized Absolute Error):

%il[lo(i,j)-u(i,nu

©)

NAE =

331G )|
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AD (Average Difference): Dramon Ba KaiiTa WIIUIaHTaH TAaCBUpJAp opacuaaru yprada (apKHH
TapMUHIAHIH [3].

1 M N
AD = ——>" > (1,(i, i) = 1,(, j)) (10)
MN =2

Xynoca. Taceup cudaruuau Oaxosain Mypakkad Basuda XuUCOOJaHAAU, aMMO TYpJIH OOBEKTHB
OaxoJamn ycyJlapy TaCBUPHU THKJIAII AITOPUTMIIAPHHY WIUIANTN Ba YJIApHU TacBUpP cudarura Tabcupu
XaK{Jda KAMMATJId MabJIyMOTIapHH Oepaau. YmiOy TaakKMKOTAa TacBUp cUGATHHM STajlOH acocuaa
6axomamauHar SSIM, MSE, PSNR, RMSE, ERGAS, MSSIM, RASE, AD, NAE Ba HCC kabu ycymrapu
TaIKHUK STHIA. DTAJIOH acocuia 0axojanl yCeyJulapy COIIAUTH Ba aHUKJIUTH cabad TaCBUpPIIApHU KaiTa
unuramaa keHr ¢oinananmiaayd. Tannanran 0axoamn ycyjiapyu TaCBUPHU KalTa WIUIAII TeXHUKACHHH
TaKOMUJIAIITUPHII Ba aMajMid WiIoBajapAa IOKopH cudamid pakamid TacBUPJIAPHH  OJIMIIHU
TabMUHJIAIIIA MyXHM BOCHUTA CH(aTHIa XU3MaT KHJIa IH.
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