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VJIK 004.934

TACBUP CUPATHUHHU 3TAJIOH BUJIIAH BAXOJIAIII ME3OHJIAPU

T.¢.0., npogeccop H.C.Mamamosg
(“Towkenm uppuecayus 6a KUWLIOK XYHCATUSUHU MEXAHUZAYUSLIAUW MYXAHOUCIapU
uncmumymu”’ Munnuii maokukom yHueepcumemu),
M.M Kanenosa
(“Towkenm uppueayus 6a KUULIOK XYHCATULUHU MEXAHUZAYUSALAW MYXAHOUCAPU
uncmumymu”’ Munnuti maokukom yHusepcumemu)

Aunnomauusn. Taceupnu kauma uwiiaw 6a Maxiul KUiuwl Ouian 00&1IuK
Kyniab easzughanrapoa maceup cughamunu Oaxonraul Myammocu yxrcyoca Kenaou.
Axynuii maceup cugamuea macsupuu pyuxamoar Yymxasuul wapmiapu 6a pyuxamed
oUWl MUBUMUHUHZ napamempiapu mavcup Kuiaou. bowxa momonoan, mypau
omuniap cabab Kywuniean WOBKUMAAP O5CA MAceup cupamunumne ce3unapiu
oapascaoa EmMoHIauuUMUeA OaUO Keauwu MymKuH. Maszkyp maokukom uwuoa
WOBKUHHUHE ACOCAH emMUma 2aycc, my3 68a KaiaMnup, Cnexi, nyaccoH, YHUDOpM,
puCuan ea Patineuex mypaapu xkypub uwuxunaou. Ywby mypoacu woeKuniap
maceupea anoxudd Kywuieanuoa, VIapHu camapaiu oapmapag smuul Macaniacu
oonzap6 xucoonawaou. Illloexun nacaimupuwt ycyiiapu KyalaHUICAHOAH KeuuHeu
Hamuodicasuil. macsupiap cugamu >manox Ounam 6axonaui Me30HIApU ACOCUOd
mexwupunaou. by y3 mobatinuoa, woeKuH, ycyi 6a 3mMAaioHau 06axonaui Me30HU
ONMUMATL YYAUSUHU bepaou.

Kanum cysnap: pakamau macseup, smanown ounan 6axonrau, SSIM, MSE, VIFP,
RASE, ERGAS, RMSE, NCC

Annomayusn. Bo MmHoeux 3a0auax, CeA3aHHbIX C 00pAbOMKOU U AHATUOM
U300padicenuti, B03HUKaem npoobiema oyeHKu Kawecmeéa usoopadxcenus. Ha xauecmeo
KOHEUHO20 U300paddiceHusi GUsIOM YCl08Us PecUCmpayuu U300pa)ceHus U napamempol
cucmemvl pecucmpayuu. C 0py2oti cmopomsl, 000aBIEeHHbIL UYM, 8bI36AHHBIL PA3TUYHBIMU
Gaxkmopamu, Modxcem nPUBeCmU K 3HAUUMENbHOMY YXYOUEHUI) KA4eCmea U300padiceHus.
B oannoii uccneoosamenvckoli pabome paccmampusaromcs 8 OCHOBHOM CeMb MUNO08
wyma: 2eayccos, coib U nepey, CNeKl, NYACCOHOBCKUU, OOHOPOOHWBIU, PAUCOBCKULL U
paneesckutl. Tlpu omoenvHom 0obasneHuu makoeo pooa uymos K uz00padiceHuro ocmpo
cmoum 80npoc 06 ux 3¢hgheKmusHoM YyCmpaHeHuu.
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Ilocne NPpUMEHEHUA Memoooe u/lyMOVlOOCZGJZEHu}Z npoeepAEemcs Kaiyecmeo
noydaemblx u306pa9fceHuL7 Ha OCHOoee OMAJIOHHbIX Kpumepuee OYEHKU. Smo
obecneyusaem ONMUMAILHYIO MpUady Wymd, Memood U KpUumepues OYeHKU dSMaioHd.

Knrwouesvle cnosa: yughposoe uzobpascenue, smanionnas oyenxa, SSIM, MSE,
VIFP, RASE, ERGAS, RMSE, NCC.

Abstract. In many tasks related to image processing and analysis, the problem of
Image quality assessment arises. The quality of the final image is affected by the conditions
of image registration and the parameters of the registration system. On the other hand, the
added noise caused by various factors can lead to significant degradation of image quality.
In this research work, mainly seven types of noise are considered: /ayccian, salt and
pepper, speckle, Poisson, uniform, Rician and Rayleigh. When these kinds of noises are
separately added to the image, the issue of their effective elimination is urgent. After
applying the noise reduction methods, the quality of the resulting images is checked based
on the benchmark evaluation criteria. This provides the optimal triad of noise, method, and
benchmark evaluation criteria.

Keywords: digital image, benchmark evaluation, SSIM, MSE, VIFP, RASE, ERGAS,
RMSE, NCC.

aKaMJIM TacBUpJIAp WHCOHUATHUHT XO3WPIH 3aMOHABUN Xa€THIa KEHT
TapKajiran O0ynu0, ynap gaH Ba TEXHUKAHUHT PUBOXKJIAHUIIUIA aCOCHUM
Vpuninapaan OupuHu osramaian. Ammo Oy pakaMjiud TacBUpJap
TacBUpra OJIUII, KalTa WIIUIAI, CUKHIII, CaKJIalll, y3aTUIII Ba KYMAaWUTUPHUII KapaéHuia
Typiiu Xwi Oy3uimnuiapra gy4dop OYiaau, yJIapHUHT Xap OUpH KYpuIll cUpaTUHUHT
EMomnmammmura onu6 kenumu MyMmkuH [1]. TacBup cudarura cabiOuii Tabcup
KypcaTyBUM acocuidl 3yieMeHTiIapAaH Oupu Oy moBKuHIup. Typau omuiniap cabal,
IIOBKMHJIAp TACBUpPra KYIIWJIaJAW Ba MIOBKUHIM TACBHUPHU XOCWJI KWJIaJu. YIIOY
IIOBKUH TypJiapu raycc [2-4], Ty3 Ba kanammup, Crekn [5], [Tyaccon [6], yaudopm
[7], pucuan [8] Ba Paiimeurx [9] OYmumm wmymkwH. I[lloBKWHIM TacBHpAaru
IIOBKWHHY TMacaiitupui yuyH typsiu yprada [10], Beitaep [11], Taycc [12], menuan
[13], anm3orponuk muddycuon [14], bumarepan [15], reomerpuk [16], BM3D [17],
NLM [18], TV, baiiec, Bucy-lllpu JInuk[19] ycymrapu unurad yukuiaran. Maskyp
GuiabTpiall yCyJUIApUHU KYJUIAaHTaHAaH KEWWHrM TacBUp cudaTtuHu Oaxosall
OpKaly IIOBKUH TypuTra MOC DHT MakOynl (UIBTpIAIl YCYJIMHH aHUKJIAII J0J3ap0
macanaaup. by ¥3 HaBOaTuma TacBup cudaTUHU TYFpU 0axoJOBUM IHT MakOyI
ME30HHHU aHUKJIAIll Macajacura oiaub Kelau.
TacBup cudarunu 6axonam GyHKIUIIApUTA KyHHIaqurad Taiadiaap MaBxKy/l
[20]. TacBup cudarHM OaxoJalIHUHT KYIU1ad WOUIA0 YHMKWITaH —YCyJUIapH
MaBXXyJJIUTUTa Kapamai, MyaMmMo KyJla Mypakka0d Ba YHUBEpCall SUMMIa 3ra dMac Ba
Kyl JKUXaTAaH Xan KuiuHaéTran Basudanapra Ba TaCBUPHU KaWTa WMIILIAII
ycyimapura 0oryivk. TacBup cudatnHu 0axosiam MyaMMOCUHH Xajl KUJIUITHUHT OUp
KUCMH cudaThia MKKUTa €HJAITYB MaBXKy[ - CyObeKTHUB Ba 00beKTHUB. CyObEKTHB
O0axojiap oJaMJIApPHUHT TacBUp cU(aTUHU KaHIai KaOysa KWIMIIHIa acociaHaiu.
TacBup cudaruHu 0OBEKTUB Oaxonaml TypJid XWJ MaTreMaTUK ycyJjjap Ba uuuiad
YUKWITAH ajiropuTMiap, Iy KyMJIaJaH TAacBUPJIApPHW HHCOHHUHT HAPOK STHUII
XYCYCHSTIAPHHU XUCOOTa OJITaH XOJIJa aMajra Ol PHIIaIH.
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TacBup cudarnHu 00BEKTHB Oaxosaml KalOyyn KWJIMHTaH TacBUp CUATUHU
aBTOMATHUK paBHIIA OAMopaT Kujia oJauraH MUKIOPUH YITHOBIAPHH HUIIIA0 YHKHUIIT
xucobnanagn. OOBEKTHB TacBHp cH(aATH KypcaTKuujgapu Oy3WIraH TacBUPHH
TaKKoCIam Kepak OynraH acn (Oy3WIMIICH3) TACBHUPHUHT MaBXYIJIUTHra Kapao
tacHu(aHumy  MyMKuH. KynrumHa Mapxyn EHmamyBiap JTaJoOH cudaTtuaa
TaHWITAaH, SHHU acll 3TAJIOH TACBUPH MabIyM Je0 TaxMUH KWIMHAAW. AMaauit
WwioBajapja d3TajoOH MaBXKyJ OynMaranna, cudarHu Oaxonaml ydyH 3TajJOHCHU3
EHaanryB Makcajara MyBOGUKANp. YUMHYM Typllard yCyJjija 3TajoH TacBUpHU (akar
KHCMaH MaBxyJ 0Yiun6, Oy3uiarad tacBup cudarunu 6axonamra épaam Oepull yayH
€H MabaymMoT cudaTuia TaKAUM OJTHITaH aXpaTWIraH XyCyCUATIAp TYIUIAMH
IakJIuIa MaRxya. by kuckaptupwirad cudatau 6axouarr ae6 aramanu [21].

Ma3kyp TagKMKOT HWIIM TacBUp cuaTUHU OTajloH OuiaH Oaxosnaiira
KapaTtwirad. byHnaii me3oHnap OwiaH MILIANI Kyjlail, YyHKH YJIapHU XHcoOal
OJIIM Ba ONTHUMAJUIAIITHPHII KOHTEKCTHAa MAaTEeMATHK JKUXATAAH KyJai, dTAIOHCH3
Oaxonain ycyJuiapura kaparaiaa TyOJ1aH FOKOpU aHUKJIMKKA 3Ta.

Marepuasuiap Ba MeTOMJIAap. XO3UPIHM BaKTAa pakKamiad TaCBUPJIAPHUHT
cuatuHn HSTaioH OwiaH OaxoJjamga QoipamaHWIaAUIaH ME30HJIap/laH  dHT
acocuitmapu SSIM CTpyKTypaBui VXIIAUUIMK WHIACKCH, SHI FOKOPH CUTHAJHUHT
moBkuHra HUcOaTu (PSNR) Ba ypraua kBampat xatocu (MSE). Ma3kyp TaIKuKOT
uiyaa Oo1Ka ATajloH OuiiaH 0axoJiail Me30HIapyu XaM KEJITUPHUIITaH.

bup xun MxN Vymuampgaru |, »TajioH Ba |, Oy3wiraH TacBUPUHU

comumtupraiga, SSIM cTpykTypaBuil YXIIANUIMK HWHAEKCMHU XHCOOdall y4yH
MaxaJiuui 6axoJjiap CCUM XUCOOJIaHaIu:

(Zﬂx/,ly-i-cl)(ZGXy—i-Cz) (1)
(1 + 1 +c,) (07 +07 +¢,)’

Oy apaa u,, 4, — MOC PaBMIIA X Ba y OMHacHaary yprada KuiMaTiap; af,aj—

ssim(x, y) =

X Ba y OWHAcCHIArd KUHMaTJIapHUHI IWCIEPCHACH, o, — X Ba y OHHalapuaa
xoBapuanusi; ¢ =(kL)" Ba c,=(k,L)’ KoHcTaHTamap, L=255 — pyxcaT OSTHITaH
EPKUHIIMK KUMMATJIAQPUHUHT IUHAMUK auana3onu; k, =0.01,k, =0.03— 3KcriepuMeHTal
AHMKJIAHTaH KOHCTaHTAJIApIUP.

Hkkuta TacBup yuyH SSIM ymyoBu ypraua apudMeTuk Kuiimar cudartuia
XUCOOJIaHaIH:

SSIM (1, Il):%Zssim(x, y), (2)

Oy epna K-oiiHasap coHu. Maxammili XxucoO-kutobnap ssim(x,y) Xap Oup
MUKCeNl SKUHUAa €k Oup Heda KajaM OWiIaH XUCOOJAHUIIM MYMKHH. YOy
KYPCAaTKUYHUHT acocuil ad3aumru myHAakd, y Oup Ky(pT TacBHpJaru
CTpYKTypaBuii (hapKjIapHU Ba KYIIHU TUKCEIIap EPKUHINTHAA KyWId KOPPEISIIHs
MaBXy/UIMTUHUA xucobra omamu. SSIM  yxmanmuk WHAEKCH acocuil  cudart
ME3OHJIAPUHUHT ydTa Oaxocura acociananu: maxamui Epkurimk (L), maxammmii
koHTpact (C) Ba Ty3unui (S, seuu [Teapcon koppensuus ko3ddunmsnTr) [22].
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VYpraua kBaapat xarocu (MSE) 6up xunm M xN yruamjara 3TajaoH TacBup |,
Ba Oy3uiradH TacBUp |, THUKCEIUIADUHUHT KBAJAPATUK HWHTCHCUBIUTHHH YpTada
XucoOJtan Wyau Oviad XucoOaHaIu:

1 &8
MSE =M—ZZ('0(" -1, J))° 3)
i=1 j=1
by apma 1,(i, j) Ba 1,(i, j) Moc Xoima 3TajgoH Ba Oy3wiraH TaCBUPHUHT (i, j)
YKOWJIAIyBUAArA EPKUHIIUTH.
OHr wkopu curHaia-moBkuH HucOatm (PSNR), y umkkum tacBup opacuparu
nuKcen papKura acociaaHraH TacBUp cupaTHHUHT MaTeMaTuk yadoBuaup. PSNR
PSNR =10log, -y (4)

JMSE
(4) naru xabu anukiIaHaau. byHna n— TaCBUPHUHT OUT UyKYpPIIUTH.
Root Mean Squared Error (RMSE) MSEra 0OofmuK MUKIOpHA aHUKJIAII
BOcUTacuaup. MareMaTuk KMXaTaaH y Kylujaarunya I/ICbOJ:[aJIaHaI[I/IZ

RMSE = J ZZ (1o, )= 1,0, 1)) (5)

i=1 j=1
by epma M xN-tacBup Vymuamu, I,(i,j) Ba I(i,j) MOC XoOJiIa 3TajOH Ba
Oy3WiIraH TaCBUPHUHT (i, j) >KOWIAITYBUAAr EPKUHIIUTH.

Huc6uit ypraua cnexkrpan xato (RASE) Ba kypub uukmiaérraH creKkTpal
IUanazoHjap/a YCYJHMHT Yprada unuiamuau TaBcuduadigu. RASEHuHr macr
KUMMaTH TacBUp cuaTu SIXIIW SKAHJIUTUAaH Aanonar 6epaau. KuitmatHu xucoo6:mar
Kyhugarnda udoganaHaam:

100 6
RASE === \/QZRMSE (B) (6)

Oy spaa P— 3TallOH TaCBUPHMHT IMHUKCEIIap WHTCHCUBIHMKIAPH YpTadacu, Q —
TacBUp Yidamu. (B;)— 3TaloH TacBUpH Ba Oy3uiIraH TacBUp ypracuiaru dapx.

Cunte3naru HUCOu# yiryamcus rioban xato (ERGAS) [23]. ERGAS unaekcu
Kyhingarnya udoananaim:

ERGAS =100 2Dem J Z{M} (7)
GSD,¢ |(Q

2
Ms =1 P|

by spaa Q- tacBup ynmuamu, P — aci TacBupiap y4dyH ypraya Kaumar, B, —

TacBupJiap ypracunaru ¢apk, GSD,,, Ba GSD,,, MOC paBHIlia OOILJIaHFUY 3TAJIOH Ba

Pan
Oy3WiIraH TaCBUPJIAPHUHT (ha30BUI YITuaMIapH.

Ypraua crpykrypasuii yxmanuuk (MSSIM). TacBupHUHT yMyMuid cH(aTHuHA
Oaxomnamr yayH yprada MSSIM unaexcunan dhoiigamanunaim:

MSSIM :iwj -SSIM | (8)

j=1
Oy epna M —cudar xapuracuaarua HamyHajiap COHH, SSIM ; J—HaMmyHanaru
SSIM unzpexc kuiimatu. W, 5ca j— HaMmyHara OepuJIrad Ba3H Ba 'y KyHHJIary IapTHU

KaHOATJIaHTHUPHUIIIN KEPAK:

iwj 1 9)
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Arap cudar xapuracuaaru 6apya HamyHajgap TEHI Ba3Hra sra Oyica, y xoJija

Gapua | yuyn W, :ﬁ. Nnosara kapab, SSIM wuHnmekc xapurtacuja Typiu

HaMyHasapra ¢a3oBHid Y3rapyBUaH OFUPIUKIAPHH OSITHIIAIT XaM MyMKHH.

VIFp (Visual Information Fidelity with perceptual image quality) Tacsup
cudaTiHA YHUHT BH3yaJl Ma’JIyMOTJIapyd Ba HAPOK OTUII XYCYCHSITIapura Kypa
OaxoJaln Ba MHUKIOpHN Oaxosam ydyH (oipanmanwiaauran kypcatkuuaup. VIFp
WHCOH UIPOKUTa TabCUP KWIYBUM TYpJAWd BHU3yal XyCYyCUATIIAPHU, KyMIaJaH
EPKUHIIMK, KOHTPACT, PaHT, TEKCTypa Ba TY3WIHMIIHA XUcoOra oJiaju.

NCC (Normalized cross correlation) [24]. Koppesius ukkuta oup xuia M x N
ymuamaaru |, 3TajoH Ba |, Oy3wiraH TacBUp YpTacuuard yXIIalUTMKHU aHUKJIAIra

€pmam Oepamu. Arap NCC me3on kuitmatu 1 Ta SKUHpOK Oyica, y XoJaa TacBHP
axmm cudarra sra ned xucoOmanamu. Y Kywwmmarn Tenrnama (10) épmamuma

XucoOJaHaIH.
N

> S [G i) LG )]

NCC = =12

M N

DS (16 J))°

i=l j=1

by aspna 1,(i, j) Ba 1,(i, j) Moc Xonaa 3TajgoH Ba Oy3WiIraH TaCBUPHUHT (i, j)

(10)

KoMnanryBuaaru EpKUHIUTH.

NAE (Normalized absolute error) srtajoH Ba KaliTa HWIUIAaHTaH TacBHUP
Vpracugaru (QapkKHU KaMaWTUpHUIL YYyH HOPMaJUIAIITUPUITaH aOCOJI0T XaTo
MuHUMal Oyumm kepak. Y (11) Tenriama épaamuaa XxucooOaaHau.

>[04, D] (11)

NAE = =12

M N

22 [(1G. 1)

i=1 j=1

AD (Average difference) »rtasion Ba Oy3wiran TacBHPUHHHT YypTaua
Y3rapuIHA Ta'bMI/IHJIaI‘/'Iz[I/I ADHu Kyiinnaruda udoanamn MyMKHH:
AD——ZZ (1,G, )= 1., 1)) (12)

by apna 1,(i, j) Ba 1,(i,j) Moc Xonma 3TajgoH Ba Oy3wiraH TaCBUPHUHT (i, j)

xomnamysuaaru épkunaurd. Mnean xonga AD kuiimMaTu HoJIra TEHT OYJIMIIM Kepak
[24].

Haruxanap. Ma3kyp TaaKUKOT Xap Oup IIOBKHH TYpUHH caMapaliy paBUIIIa
MacauTUpUIN YUyH Typau (QUIbTpJjall yCyJUIApUHM JTajloH OwiaH OaxoJaiira
Kapatuiarad. byHaa xap Oup IIOBKMH Typu ajloXyJa KypuO YMKHWIIaIUM Ba Makcaj
IIOBKMHHHUHT Xap OuUp y3ura Xoc TypH Y4yH MOC 3TaJOH OmiaH Oaxonaml ME30HH
acocuma camapanu (QUIBTpJANl YCYJIWMHHM TaHJAIl KOWJIACWHU WIUIA0 YWKHIIIAH
noopar. Xwucobnam Taxpubacuma Chest x-ray images [25] 0OasacumaH HaMmyHa
cudpatuga 21 Ta WHCOH KyKpak Kadacu pPEHTTeH TacBUpJApH TYIJIaMUIaH
¢oiinananunau. 7 typnaru moBkuH ['aycc, Ilyaccon, cmekn, Ty3 Ba Kajammup,
puCuaH, yHu(OpM, paillienrx MOBKHHHUHM TAacBUpPra KYIIUII OPKAId IIOBKUHIIH
TaCBHpP XOCWJ KWIMHIWA. Xap OWp IIOBKWH Typu ydyH 12 Ta dQuibtpiamn
YCYJUIAPUHHUHT CaMapaJopJIry dTajoH OwiaH Oaxonamn Me3onHiapu Oyiaran SSIM,
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MSE, PSNR, RMSE, ERGAS, MSSIM, RASE, VIFp, AD, NAE, NCC xuiimaTnapu

Owitan 0axoJIaH/Iu.

Ymoby xucobnam Taxpubacumarda HamyHa cudaThaa OJMHTaH OWTTa TacCBUP
YUYH HaTWxanap KyWuJaaru skajasajuiapaa keartupuiras (1-7 sxansain).

1-xanBan
["aycc MOBKMHHM KYIIMJITAH TAaCBUP YUYH 3TaJIOH 0axoJiail Me30HIapy KulMmaTiapu

@ a ITajI0H 6ax0Ja1 Me30HJIapHu
WILTPIAP  SqiM [ MSE | PSNR | RMSE | ERGAS | MSSIM | RASE | VIFp | AD | NAE | NCC
Vpraua 0.369 | 211 | 249 | 0.087 | 8633 | 0.688 | 1E-11 | 0.079 | 121.7 | 0.044 | 0.984
Wiener 0.370 | 203 | 251 | 0.086 | 8632 | 0.688 | 1E-11 | 0.080 | 121.8 | 0.044 | 0.984
Taycc filir | 0.338 | 237 | 24.4 | 0.093 | 9112 | 0.658 | 1E-11 | 0.079 | 123.2 | 0.047 | 0.981
Meauan 0.277 | 261 | 240 | 0.097 | 7798 | 0.609 | 1E-11 | 0.069 | 122.0 | 0.050 | 0.978
A*ﬁ?gggﬁm‘ 0.654 | 101 | 28.1 | 0.060 | 6871 | 0.856 | 8E-12 | 0.122 | 111.9 | 0.031 | 0.994
Bilateral 0.560 | 103 | 28.0 | 0.061 | 6482 | 0.869 | 8E-12 | 0.107 | 119.6 | 0.032 | 0.993
Geometrik | 0.416 | 486 | 21.3 | 0.133 | 7190 | 0.724 | 2E-11 | 0.077 | 49.3 | 0.053 | 0.974
BM3D 0.714 | 71 | 296 | 0.050 | 6131 | 0.903 | 7E-12 | 0.137 | 106.9 | 0.027 | 0.997
NLM 0516 | 141 | 26.6 | 0.071 | 7022 | 0.818 | 1E-11 | 0.096 | 116.8 | 0.037 | 0.990
TV 0594 | 123 | 27.2 | 0.067 | 7422 | 0.830 | 9E-12 | 0.109 | 187.7 | 0.035 | 0.993
Baiiec 0.668 | 94 | 284 | 0.058 | 6554 | 0.884 | 8E-12 | 0.095 | 105.2 | 0.031 | 0.995
V'f_‘;;}ih“ 0.656 | 112 | 27.6 | 0.064 | 7147 | 0.843 | 9E-12 | 0.055 | 115.2 | 0.034 | 0.994

2-xaaBa
Ty3 Ba KaJaMnup MOBKUHU KYIIWJITaH TACBUP YUYH 3TAJIOH OaxoJiaill Me30HIapu
KUHAMaTJIapu

PUILT JTaj10H 6axoJau Me30HIapHu
APTPIAP "sSiM [ MSE | PSNR | RMSE | ERGAS | MSSIM | RASE | VIFp | AD | NAE | NCC
Vpraua 0.638 | 86 | 28.8 | 0.056 | 3657 | 0.849 | 7E-12 | 0.171 | 107.5 | 0.020 | 0.993
Wiener 0.638 | 77 | 29.3 | 0.053 | 3657 | 0.849 | 7E-12 | 0.171 | 107.5 | 0.020 | 0.994
Taycc filtr | 0.656 | 87 | 28.7 | 0.056 | 3866 | 0.837 | 8E-12 | 0.186 | 105.8 | 0.018 | 0.993
Menuan 0.847 | 18 | 356 | 0.025 | 1045 | 0.982 | 3E-12 | 0.338 | 105.9 | 0.012 | 0.999
AHd‘ﬁ?LE‘(’;“K 0733 | 88 | 28.7 | 0057 | 2399 | 0.907 | 8E-12 | 0.180 | 105.8 | 0.019 | 0.993
Bilateral 0.617 | 110 | 27.7 | 0.063 | 4918 | 0.868 | 8E-12 | 0.142 | 113.2 | 0.018 | 0.991
Geometrik | 0.349 | 5232 | 10.9 | 0435 | 8642 | 0.283 | 6E-11 | 0.034 | 118.4 | 0.124 | 0.690
BM3D 0.635 | 494 | 21.2 | 0.134 | 13445 | 0.839 | 2E-11 | 0.148 | 23.9 | 0.060 | 0.977
NLM 0520 | 468 | 21.4 | 0.130 | 8864 | 0.743 | 2E-11 | 0.122 | 91.8 | 0.018 | 0.962
TV 0552 | 169 | 258 | 0.078 | 5719 | 0.822 | 1E-11 | 0.118 | 100.5 | 0.019 | 0.986
Baiiec 0565 | 453 | 21.6 | 0.128 | 8671 | 0.758 | 2E-11 | 0.150 | 50.7 | 0.015 | 0.963
V'Is_ui;]ih“ 0.488 | 454 | 21.6 | 0.128 | 10951 | 0.753 | 2E-11 | 0.099 | 38.4 | 0.038 | 0.966

3-xanBan

CriexJ1 MOBKUHY KYIIUJTaH TACBUP YUYH ATAJIOH OaxoJall Me30HJIapu KuiMaTiaapu

PUILT JTaj0H 6axoJaul Me30HIapHu
APTPIAP "SSIM [ MSE | PSNR | RMSE | ERGAS | MSSIM | RASE | VIFp | AD | NAE | NCC
Vpraua 0.528 | 6009 | 10.3 | 0.466 | 11743 | 0.797 | 6E-11 | 0.104 | 68.4 | 0.267 | 0.987
Wiener 0.528 | 6007 | 10.3 | 0.466 | 11743 | 0.797 | 6E-11 | 0.104 | 68.4 | 0.267 | 0.988
Taycc filtr | 0521 | 6008 | 10.3 | 0.466 | 11725 | 0.786 | 6E-11 | 0.108 | 68.4 | 0.267 | 0.985
Meman | 0.484 | 6029 | 10.3 | 0.467 | 11776 | 0.772 | 6E-11 | 0.092 | 68.5 | 0.267 | 0.983
A‘gﬁ?ﬁgﬁ“ 0.618 | 5994 | 104 | 0.466 | 11737 | 0.846 | 6E-11 | 0.120 | 68.6 | 0.268 | 0.995
Bilateral | 0.616 | 5995 | 104 | 0.466 | 11735 | 0.845 | 6E-11 | 0.108 | 68.7 | 0.268 | 0.996
Geometrik | 0.582 | 6323 | 10.1 | 0.478 | 12046 | 0.823 | 6E-11 | 0.109 | 70.0 | 0.274 | 0.989
BM3D 0747 | 192 | 253 | 0.083 | 2818 | 0.913 [ 1E-11 | 0.155 | 22.7 | 0.046 | 0.997
NLM 0437 | 6145 | 10.2 | 0.471 | 12078 | 0.782 | 6E-11 | 0.103 | 68.9 | 0.269 | 0.969

( )
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TV 0.715 | 1052 | 17.9 | 0.195 | 4992 | 0.883 | 3E-11 | 0.153 | 29.9 | 0.110 | 0.996
Baiicc 0.477 | 4055 | 12.1 | 0.383 | 9779 | 0.811 | 5E-11 | 0.090 | 56.2 | 0.218 | 0.982
V'SL‘:;}‘T‘(“” 0.607 | 1896 | 154 | 0.262 | 6629 | 0.836 | 4E-11 | 0.061 | 0.148 | 0.038 | 0.993

4-xanBan
[TyaccoH MOBKWHM KYTIWITaH TACBUP YUyH ITAIOH 0axoJail MEe30HIapH
KUMMaTJIapu
i TOAA ITajI0H 6ax0Ja1l Me30HJIapHu
PA2P "5SiM | MSE | PSNR | RMSE | ERGAS | MSSIM | RASE | VIFp | AD | NAE | NCC
Vpraua 0.749 | 48 | 313 | 0.042 | 1445 | 0933 | 56E-12 | 0.225 | 112.2 | 0.017 | 0.9960
Wiener 0.750 | 39 | 322 | 0.038 | 1444 | 0933 | 5.0E-12 | 0.225 | 112.2 | 0.017 | 0.9967

Tayce filtr | 0.766 | 40 | 321 | 0.038 | 1431 | 0.929 | 5.1E-12 | 0.248 | 113.2 | 0.017 | 0.9967
Meauan 0.699 | 42 | 319 | 0039 | 1641 | 0913 | 52E-12 | 0.203 | 113.8 | 0.019 | 0.9965

A*ﬁ?gggﬁm‘ 0.774 | 38 | 323 | 0037 | 1293 | 0947 | 5.0E-12 | 0.211 | 109.5 | 0.016 | 0.9969
Bilateral 0.767 | 28 | 336 | 0032 | 1323 | 0935 | 43E-12 | 0.178 | 109.8 | 0.015 | 0.9977
Geometrik | 0.758 | 94 | 28.4 | 0.058 | 1934 | 0939 | 7.8E-12 | 0.217 | 95.2 | 0.017 | 0.9923
BM3D 0.765 | 33 | 33.0 | 0.034 | 1602 | 0938 | 46E-12 | 0.184 | 68.7 | 0.017 | 0.9978
NLM 0.750 | 34 | 328 | 0.035 | 1394 | 0941 | 4.7E-12 | 0.236 | 99.6 | 0.017 | 0.9972
TV 0791 | 27 | 339 | 0031 | 1297 | 0949 | 4.2E-12 | 0.227 | 134.7 | 0.015 | 0.9980
Baiiec 0.739 | 43 | 31.8 | 0.040 | 1531 | 0940 | 53E-12 | 0.209 | 71.7 | 0.019 | 0.9971
V'IS_”i;ih“ 0738 | 52 | 309 | 0043 | 1745 | 0912 | 5.8E-12 | 0.119 | 65.7 | 0.022 | 0.9969

5-xanBan
YHudopM MOBKMHY KYIIWJITaH TACBUP YUyH 3TaJOH 0axoJiail Me30HIapu
KUMMaTJIapu
DuwIbToNa JTajioH 6axoJiall Me30HJIapu
PI2P "SSiM [ MSE | PSNR | RMSE | ERGAS | MSSIM | RASE | VIFp | AD | NAE | NCC
Vpraua 0.599 | 880 | 18.7 | 0.178 | 18634 | 0.871 | 2.4E-11 | 0.153 | 226.9 | 0.110 | 0.9924
Wiener 0599 | 867 | 18.7 | 0.177 | 18631 | 0.871 | 2.4E-11 | 0.153 | 226.9 | 0.109 | 0.9931

Tayce filtr | 0.601 | 878 | 18.7 | 0.178 | 18722 | 0.860 | 2.4E-11 | 0.161 | 226.9 | 0.110 | 0.9926
Memman | 0.485 | 947 | 184 | 0.185 | 19173 | 0.798 | 2.5E-11 | 0.111 | 226.1 | 0.113 | 0.9903

AH;:;?E‘;‘;“K 0.666 | 853 | 18.8 | 0.176 | 18399 | 0.912 | 2.4E-11 | 0.172 | 226.8 | 0.109 | 0.9940
Bilateral 0.670 | 843 | 189 | 0.175 | 18381 | 0.908 | 2.3E-11 | 0.160 | 227.0 | 0.109 | 0.9953
Geometrik | 0.656 | 801 | 19.1 | 0.170 | 16002 | 0.898 | 2.3E-11 | 0.168 | 227.9 | 0.104 | 0.9899
BM3D 0.672 | 540 | 20.8 | 0.140 | 16501 | 0.911 | 1.9E-11 | 0.160 | 226.7 | 0.084 | 0.9954
NLM 0.616 | 837 | 18.9 | 0.174 | 18382 | 0.892 | 2.3E-11 | 0.157 | 227.3 | 0.107 | 0.9936
TV 0.683 | 817 | 19.0 | 0.172 | 18103 | 0911 | 2.3E-11 | 0.186 | 227.4 | 0.107 | 0.9954
Baiiec 0.643 | 665 | 19.9 | 0.155 | 17386 | 0.903 | 2.1E-11 | 0.146 | 228.2 | 0.094 | 0.9946
V'SLL:;]ih“ 0.640 | 634 | 20.1 | 0.151 | 17306 | 0.873 | 2.0E-11 | 0.089 | 226.6 | 0.091 | 0.9941

6-xanBan

PuCuaH MIOBKMHM KYIIWJITaH TACBUP YYYH ATAJIOH 0axoJall Me30HJIapu KHHMaTiaapu

® a JTas10H 0axoJ1a1 Me30HIapHu
WILTPAAP "S5 iM | MSE | PSNR | RMSE | ERGAS | MSSIM | RASE | VIFp | AD | NAE | NCC
Vpraua 0.270 | 1599 | 16.1 | 0.240 | 13028 | 0.505 3121E 0.064 | 115.0 | 0.105 | 0.894
Wiener 0.271 | 1592 | 16.1 | 0.240 | 13026 | 0.505 3121E 0.064 | 115.0 | 0.105 | 0.895
Tayce filtr | 0249 | 1679 | 15.9 | 0.246 | 13366 | 0.483 3131E 0.064 | 116.3 | 0.107 | 0.883
Meman | 0.256 | 1159 | 175 | 0205 | 11463 | 0534 21715 0.061 | 116.1 | 0.076 | 0.905
ARWSATPOIHK | 5oc | 1344 | 168 | 0220 | 11842 | 0651 | >°F | 0.004 | 106.4 | 0.097 | 0.932
diffusion 11
Bilateral | 0.354 | 2445 | 142 | 0297 | 12471 | 0.601 4flE 0.085 | 112.5 | 0.091 | 0.796
( \
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Geometrik | 0.263 | 7423 | 94 | 0518 | 12306 | 0.352 GflE 0.059 | 92.8 | 0.205 | 0.513
BM3D | 0481 | 2451 | 142 | 0298 | 11706 | 0.668 4.;)15- 0.098 | 747 | 0125 | 0.852
NLM 0361 | 3041 | 133 | 0332 | 12952 | 0571 4'f1E' 0.088 | 118.4 | 0.097 | 0.748

TV 0339 | 1748 | 15.7 | 0251 | 14342 | 0554 3.{115- 0.086 | 191.8 | 0.098 | 0.843
Baiiec | 0227 | 2787 | 137 | 0317 | 13301 | 0.552 4'121E' 0.056 | 99.2 | 0.123 | 0.790
V'f_‘:;‘ih” 0441 | 1485 | 16.4 | 0232 | 12310 | 0.665 3111'5 0.036 | 105.1 | 0.103 | 0.920
7-KaaBail
Pajinenrx MOBKMHYU KYIIMJITaH TACBUP YYyH JTAJOH 06axoJall ME30HIapH
KUUMAaTIIApU
@ JTas10H 6axoJall Me30HIapH
WILTPAAP "SSIM | MSE | PSNR | RMSE | ERGAS | MSSIM | RASE | VIFp | AD | NAE | NCC
Vprawa | 0.744 | 549 | 207 | 0.41 | 4850 | 0.877 1'flE' 0.291 | 2256 | 0.041 | 0.954
Wiener | 0.744 | 541 | 208 | 0140 | 4849 | 0877 1flE 0201 | 2256 | 0.041 | 0.955
Payecfiltr | 0782 | 559 | 207 | 0142 | 4845 | 0879 | "0 | 0355 | 2314 | 0.041 | 0954
Meman | 0779 | 642 | 201 | 0152 | 4713 | 0917 ZflE 0290 | 2302 | 0,037 | 0.949
AHMBATPOIK | 5 297 | 4g0 | 213 | 0132 | 4796 | 0870 | 185 | 0.216 | 214.4 | 0.040 | 0.960
diffusion 11
Bilateral | 0.670 | 906 | 18.6 | 0.181 | 5187 | 0.839 Z'flE' 0161 | 2233 | 0,043 | 0.926

Geometrik | 0.691 | 2007 | 135 | 0.324 | 5727 | 0.794 4'f’1E' 0235 | 2238 | 0.076 | 0.769
BM3D | 0697 | 1132 | 176 | 0202 | 4905 | 0.858 2171E 0157 | 650 | 0,086 | 0.947
NLM 0779 | 955 | 183 | 0186 | 4803 | 0.870 ZflE 0339 | 236.4 | 0,040 | 0.922

TV 0688 | 791 | 192 | 0169 | 5687 | 0.849 2131E 0.201 | 235.8 | 0.058 | 0.942
Baiiec 0791 | 942 | 184 | 0185 | 5010 | 0875 ZflE 0411 | 236.9 | 0,038 | 0.923
V'SL‘:;;T'(h” 0679 | 549 | 189 | 0175 | 4378 | 0835 2131E 0.148 | 102.5 | 0.037 | 0.930

Xap Oup MIOBKMH TypHra MOC JHT caMmapaiu ae0 TonmwiraH (uibTpanii

yCyJulapy Kyvuaaru 1-pacMia KeITHPUIITaH:

Acn TacBup T'aycc moBKuHIN Ty3 Ba Kanamnup Criexs1 IIOBKUHIIH

TaCB I i IHOBKI/IH_]'II/I TaCBH TaCBI/I

EANENEY

BM3D ¢unrp Menunan dunrp BM3D ¢untp




NN

M- & A
IlyaccoH moBKuHIN Yuaudopm PncnaH MOBKUHIK  Paiiienrx moBKUHIN
TaCBI/I HIOBKI/IHJ'H/I TaCBI/I TaCBI/I TaCBI/I

AV YENEN

TV ¢bunrp BM3D ¢untp Menunan (bHJITp AHH3ATPOTIHK QIIITP
1-pacm. Xap 6up woexkun mypuea moc unbmpaaui ycyau Hamuxicacuoau
maceupaap

XyJjoca. Ma3kyp TaAKUKOT WIIHAA IIIOBKUH IMACAUTHPUIITHUHT TYypJU
yCYJUTapUHH CHHA0 KYPHUII MaKcajuaa TaCBUPra Xap XMW IMIOBKUH TypJapu aloxXuia
KYIIWIIA Ba HATH>KaJla OJJMHTaH TaCBUP CH(aTH 3TaJOH OWIaH Oaxoall ME30HIapu
oynran SSIM, MSE, PSNR, RMSE, ERGAS, MSSIM, RASE, VIFp, AD, NAE,
NCC 6yitnua 6axomaHau.

Xucobumain Taxpubdacu HaTWKaJapuIaH Kyiuaaru Kouaanap xyioca cudaruaa
KaOyJ1 KMJIMH]IN:

-I'aycc moBkunan yayn MSE, PSNR, MSSIM, NCC wme3onu 6¥yitnua BM3D
buabTpU, Ty3 Ba KaJlaMnup MoBKUHU yuyH VIFp Me30Hu O6Viinua meauan GuibTpu;

-Cnexn moBkuau yauyH MSE, PSNR, RMSE, ERGAS, MSSIM, RASE, VIFp,
AD, NAE wme3onu 6yitnua BM3D ¢unbtpu, yaudopm moskuau yauyn NCC me3zonu
oyitnua BM3D ¢unstpu;

-Ilyaccon moBkunu yuyn SSIM, MSE, PSNR, RMSE, MSSIM, RASE, NAE,
NCC wme3onu TV ¢unbtpu, pucuan moBkuau yuyH MSE, PSNR, RMSE, RASE,
NAE wme3onn menuan QuubTpu, paitnenrx moBkuau yuyn MSE, PSNR, RMSE,
RASE, NCC me3oun Aamzatponuk Auddy3uoH QUIbTPHHN KYJUTaHCA SAXIITA HATHXKA
Oepaau eraH xyJsoca Oepau.
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