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MCNoOJIb3OBAHWE METOOA PASMHOXEHUA OLIEHOK NPU OBPABOTKE YEPHO-BEJbIX
W30BPAXEHUN

Mapuyk B.1., Boporun B.B., lllepcto6utoB A.U.
IOxHO-poccuiickuii rocy1apcTBEHHBIN YHHBEPCUTET SKOHOMHUKH U CEPBHCA

st 06paboTky M300paskeHNH MCIIOIBb3YIOTCS pa3iinuHble MeToAbl. Hanmuue peskux nepexozoB Ha U300paxe-
HHUH OT CBETJIBIX MOJYTOHOB K TEMHBIM 3aTpyJAHSET UX KOPPEKTHYI0 00pabOTKy MpPHU HCIIOJIb30BAHUH CYILECTBYIO-
KX AIrOpUTMOB (rutbTpaunu. Hammuue ajJiuTHBHOM IyMOBOM COCTaBIISIOIIEH MPUBOJMT K YXYIIICHHIO PE3KOCTH
M Kak CIIe/ICTBHE Pa3MBITHIO I'paHMI] M300paxkeHus. Ha psay ¢ yXynuieHHeM pe3KOoCTH HaOJI0aeTcsl IIOSBICHHE
JIOXKHBIX TOYCK, OTCYTCTBYIOIIUX HA HCXOAHOM H300paskeHuii [1].

N3o0pakeHre MOYKHO paccCMaTpHBATh KaK JBYMEPHBIH curHai. [ MCIOJIb30BaHMs CYIIECTBYIOIINX METOLOB
(uIbTpannu, TBYXMEPHBIH CHT'HAJ MPEICTABIIOT B BHIE HA0Opa OJXHOMEPHBIX pean3alliui, MyTEM €ro pasIioikKe-
HUS TI0 CTPOKaM K CTONONaM. B manpHeiimeM A KaxIoi oJHOMEpPHOH peann3anni (CTpoKa WIH CTOJOEI) IpH-
MEHSIOTCS CYIIECTBYIOILINE METOIBI 00paboTku. B obmiem ciyuae OnHapHOE M300pakeHHEe MOXKHO paccMaTpUBATh
KaKk Ha0Op OJHOMEPHBIX peajii3aluii MOCIeI0BaTeIbHOCTH MPSIMOYTOJIBHBIX BHICOUMITYIbCOB. Mozens n3o0paxe-
HUS TIPEICTAaBIsIET cO00 aJINTUBHYIO CMECh MOJIC3HON M IITyMOBOH COCTABIISIONICH, MIMEIOIeH HOPMATBHBIN 3aKOH
pacnpenenenus. [Ipu 00paboTke M3BECTHBIMU METOJAMHU MTPOMCXOAUT CIIIaXKUBaHUS (PPOHTOB NPSMOYTOJIBHBIX BH-
JIeoMMITYJIbcoB. Ha n300paxkeHnH 3TO MPOSBISETCS B yXYALICHUH €ro Y€TKOCTH, Pa3MBITOCTH TPaHULL H300paKeH-
HBIX OOBEKTOB, MOSBJIEHUE TOYEK, OTCYTCTBYIOIIUX B MCXOAHOM M300pakeHnH. OLieHKa MOJIE3HOH COCTaBIISIONICH
3aTpyHSIETCS HAIMYMEM MHTEHCUBHOW IMOMEXU, KOTOpask OKa3bIBAET BIUSHHUE HA MPUHATUE PELIEHUS O IOPOTOBOM
3HAYEHUH MEXJly UYEpHBIM M OEJIBIM L[BETOM.

B pabote [2,3] paccmarpuBaeTcsi 00paboTKa pe3ysIbTaTOB U3MEPEHHH, IIPEICTaBICHHBIX €JMHCTBEHHOH pean-
3alKel pu HenapaMeTpUYECKON alpruOpHO HEONPEIEIEHHOCTH O MOJIE3HOM U IIyMOBOM cocTaBisitolux. Mcmnoib-
3oBanue Merona PA30L] mo3BonseT ¢ BEICOKOW TOYHOCTHIO OIIEHUBATh HECTAIIMOHAPHOCTH MO BEITMYUHE CPEIHETO,
T.€. OIIGHKY MaTeMaTHYeCKOT0 OKHUIAHUSA KaK (YHKIHIO OT BpeMeHH. CyTh METOa COCTOUT B Pa3MHOKEHHH OIIe-
HOK TIOJIE3HOM COCTaBISIOIMIEH ITyTeM MHOTOKPATHOTO pa3OMEHHsS MCXOAHOM BBIOOPKH HAa WHTEPBAIBI CIyYalHON
JUTMHBI ¥ OIICHWBAHUH HA HHUX ITOJIE3HOM COCTaBIISIONIEH ¢ IOMOIIBIO amIpOKCUMAIINY JIMHEHHON WM KBagpaTHd-
HOW ()yHKIIMM METOJIOM HAaNMEHBIIINX KBaJIPATOB.

Henbto nanHOW paboThI UCCIIEIOBAaHHE BO3MOMXHOCTH HCIIOJIb30BaHHS METOJIA PA3MHOXEHUS OLIEHOK NpHU 00-
paboTKe YepHO-0ebIX OMHAPHBIX H300PaKEHUI.

B o61em ciyuae, MosieNb CTPOKH YEpHO-0€I0ro M300paKeH sl MPEACTABISIOT CO00I0 TUCKPETHYIO TTOCIIEN0-

BaTEbHOCTD {xl. }; i =1, N, Moznenb KOTOpOil MOXKHO NPEJICTABUTE B BHJIE:
X(¢) = S(t) +1(t), rae S(¢) - nonesnas cocrapsomas (uneo curnan), 77(¢) - aIATHBHAS UIyMOBAs COCTAB-

L2
JISIOLIAst, pacIpeIeNiCHHas [10 HOPMAaILHOMY 3aKOHY ¢ MaTeMaThueckuM oxkunanueM m = O u qucriepcuein o .
B pa6ore [2] ormeueHO, 9TO omeHka S (t) NIPSIMOYTOJIBHOTO BUJICOCUTHAJIA, IMEET CIiIaXeHHbIe (PPOHTEHI U T1e-

pecekaeT cepeauHbl HPOHTOB 10Je3HOM cocTasisonteit S(¢). C uenbro KOPPEKTHOrO ONpeieeHrs Hauala U KOH-
na (pOHTOB MMITYJIbCA, MPEIUIATAETCSl B PA3HOCTHOM IIPOIIECCE ONPENENIUTh (OCTATKK), MOJyYSHHbIE KaK Pa3HOCTh

MEX/1y OLIEHKOH IOJIE3HOI COCTABISIONIEeH U BXOJAHOIO CHTHANA, T.e. 7] (t) =X (t) -8 (t) Janee onpenensiercs

MaKCHMaJIbHOE 3Ha4eHNe PasHOCTHOTO IpoLnecca max(ﬁ(t)) Y BBOJAUTCS] KOMIICHCALIUsI OLIEHKH [OJIE3HOTO CHTHa-
Ja Ha 3Ty BEJIWYUHY, TO €CTh M3 BXOAHOTO CHTHajla BBIYUTAETCS MaKCHMAJIbHOE 3HAaUCHHE PAa3HOCTHOrO Iponecca
Y (Z) =X (Z) - max(ﬁ(t)). Hanee st Kaxaoro 3HaueHus ¥ (t) HpOBEPsIETCS YCIOBHE: Y(t) >0,

[Ipu BBIOJHEHUH JAHHOTO YCJIOBHS NPUHUMAETCS PELICHHE, YTO JJaHHAs TOYKa UMEET YpOBeHb Oernoro (255),
B IIPOTHUBHOM cllydae — ypoBeHb uepHoro (0).

B kagecTBe TecToBoro nzo0paxkeHHs BbIOpaHO JBa M300pakeHWsl, MPECTaBIIIOIIME cOO0W YEepHBIA KBaapar
Ha OesioMm QoHe (puc. 1a) n KOHTYp KBazapara Ha O6enom done (puc. 2a). Ha puc. 16 u 20 npencraBieHsl pe3yabTaThl
00paboTKM N300pakeHHs C MIOMOIIBIO TIpeyIaraeMoro Meroaa. s uccnenoBanust 3GQEeKTUBHOCTH NpeaIaraeMo-
ro MeTojia, Ha NCXOJIHOE M300paXxkeHue JoOaBIeHa aJIuTHBHas rmoMexa (puc. 1B u puc. 2B). Ha puc.1lr u puc.2r no-
Ka3aH pe3yapTaT 00paboTKH. AHaNN3 pe3yJbTaTOB MOKA3BIBACT, YTO MPH 00pabOTKe OMHAPHOTO M300pakeHHs 0e3
IIIyMOBOW COCTaBIISFOLIEH C ITOMOIIBI0 METOAa Pa3MHOMKEHHS OLICHOK HPOUCXOIUT TOYHOE BOCCTAHOBJICHHE H30-
OpaxxeHHs1, TO €CTh NPABUILHOE OIpelieNieHHe (DPOHTOB YPOBHS OENIOro W YEpHOro, a NMPU HAIMYHU ITYMOBOIH CO-
CTaBJIAIONMel HaOMIOAAeTCs MOSBICHUHN JOKHBIX TOYEK Ha TPAHUIIAX KOHTYpa OTCYTCTBYIOIIMX Ha MCXOZHOM H30-
OpakeHUH.
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O6paboTka 1 nepegaya M3o6pakeHUmn

a)

B pesynbTaTte NpoBeJEHHBIX UCCIEAOBAHNI MOKHO CIENIATh CIECAYIOIINE BEIBOBL:
- IPEAJIOKEH METO/I OLEHKH ITI0JIE3HON COCTABIISIOLIEH, MPEICTaBIISIONIEH COO0M MOCIea0BaTENbHOCT BUIE0-
UMITYJIbCOB HAa OCHOBE METO/Ia PA3MHOKEHHsI OLIEHOK;
- ImpelylaraeMblii MeTo[| M03BoJsieT 3 (HEKTHBHO ONMPEnessTh (POHTHI HOCIEI0BATENLHOCTH BHIEOMMITYJIHCOB
MIPY HAIMYMAW Q/JIUTUBHOM IIyMOBOI COCTaBIISIONIEH;
- YCCIIEZIOBaHA BO3MOXKHOCTH HCIIOJBb30BaHMSI METO/a Pa3MHOXCHUS OLICHOK Uit 00pabOTKM OMHAPHBIX M30-
OpakeHnH;
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USE OF THE METHOD OF DUPLICATION OF ESTIMATIONS AT PROCESSING BLACK-AND-WHITE
IMAGES
Marchuk V., Voronin V., Sherstobitov A.

South-russia state university of economics and services

For processing images various methods are used. Presence of sharp transitions on the image from light semi-
tones to dark complicates their correct processing at use of existing algorithms of a filtration. Presence additive ury-
MOBoOH a component results in deterioration of sharpness and degradation of borders of the image. C deterioration of
sharpness observes occurrence of false points which are absent on initial images [1]. The image can be considered as
a bidimentional signal. For use of existing methods of a filtration, the two-dimensional signal is represented as a set
one-dimensional with realizations, by its decomposition in the lines or columns for which existing methods of proc-
essing are applied. The model of the image represents an additive mix useful and noise component having the nor-
mal law of distribution. At processing by known methods occurs smoothings fronts of rectangular video pulses. The
estimation of a useful component is at a loss presence of an intensive handicap which influences decision-making on
threshold value between black and white color. In work [2,3] processing of results of the measurements submitted
by unique realization at nonparametric aprioristic uncertainty about useful and noise component is considered. Use
of a method of duplication of estimations (DupEs) allows to estimate with high accuracy not stationary on size of
average. The essence of a method will consist in duplication of estimations of a useful component by repeated split-
ting initial sample into intervals of casual length and reception of an estimation into them of useful approximation of
linear or square-law function making with the help by a method of the least squares.

The purpose of the given work research of an opportunity of use "DupEs" at processing black-and-white binary
images.
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Generally, model of a line of the black-and-white image represent itself discrete sequence
{xl. },’ i = 1, N which model can be presented as: X (¢) = S(¢) + n(t) , Where S ( t ) - a useful component (video

signal), 77( t ) - additive noise component distributed under the normal law with a population mean m = 0 and a

. . 2 . . . rd . .
dispersion 0~ . In work [2] it is marked, that an estimation § (t) of rectangular video signal, has the smoothed
fronts and crosses the middle of fronts of a useful component S('¢) . For correct definition of fronts of a pulse it is
offered to define process the differences (rests) received as a difference between an estimation of a useful compo-

nent and an entrance signal, i.e ﬁ(t) =X (t) -5 (t) Further the maximal value of process rnax(n (t )) is defined
and indemnification of an estimation of a useful signal on this size is entered, that is from an entrance signal the
maximal value max(ﬁ (t)) is subtracted. Further for each value ¥ (t) the condition Y (Z) > 0 is checked. At per-

formance of the given condition it is made a decision, that the given point has a level white (255), otherwise - a level
black (0).
Thus, on the base of the carried out researches it is possible to draw the following conclusions:

- The method of an estimation of the useful component representing sequence of video pulses on a basis "DupEs"
is offered;

- The offered method allows to define effectively fronts of sequence of video pulses at presence additive noise
component;

- The opportunity of use "DupEs" for processing binary images is investigated.

MOAN®ULIMPOBAHHbLIA KPUTEPUUA OLLEHKU KAYECTBA BOCCTAHOBJ/EHHbIX
U30BPAXEHUN

ApmsmoB C.A., Byxrospos C.C., Cayto E.1O., Xpsmes B.B.

SIpocnaBckuil rocyiapcTBeHHbIN yHuBepcuret um. ILIN. Jlemunosa
150000, Poccust, SIpocnaib, yi. CoBerckasi, 14. Ten. (4852) 79-77-75. deslab@uniyar.ac.ru

Brenenne

W3mepenne BU3yalbHOTO KadecTBa M300paKEHHUH SIBIISIETCS CJIOXHBIM M 3a4acTyl0 HETOYHBIM HMCKYCCTBOM, B
KOTOPOM Ha KOHEYHBIH pe3yNbTar BIUsSET OrpOMHOE Yucio (akTopoB. BusyanapHoe KauecTBO M3HAYAIbHO CUMTAET-
csl CyObEKTHBHBIM, [IOATOMY BECbMa HENPOCTO YYECTh BCIO TaMMy OCOOEHHOCTEH IPH BBISBICHHU MOJHOM KauecT-
BEHHOW KapTHHBI 3TOH XapakTepucTky [1,2]. MHorue pa3paboTdnku cucteM nuppoBoii 00paboTKH H300parkeHNH
4acTO ONHPAIOTCS HA TaK Ha3blBaeMble OOBEKTHBHBIE (AITOPUTMUYECKHE) Mephl kauecTBa. Haubosee momynspHoi
Mepoii ciykuT nukoBoe oTHomeHune curna/mym (ITOCIL), onpexnensiemoe mo ciexyromei hopmyne [3]:

max, | x, | ,

NCKO
T'O ¥ BOCCTAaHOBJICHHOTO M300pakeHuit coorBercTBeHHO, a CKO - cpenHekBaaparnynas omunoka. Bemmuuna [TOCIHI
UCTIONB3YEeTCs U1l CPABHEHHMS PA3IMYHBIX aJTOPUTMOB 00pabOTKU MITH JUIsl M3YUYEHHS BIMSHUS Pa3HbIX I1apaMeTpoB
Ha TPOU3BOAUTEIFHOCT TOTO HJIM WHOTO anroputma [4,5].

Mupoxoe npumenerrne CKO u ITOCII B mpakTHYeCKUX IEIX 00YCIOBIEHO TEM, UTO MOJICYET ITHX XapaKTe-
PHUCTHK MaTeMaTHYECKH MPOCT U He TpeOyeT OONMBbIINX BBIYUCIUTENBHBIX 3aTpaT. OmHAKO CIeNyeT 3aMETHTh, YTO
BesimanHa CKO B OTAENBHBIX CiTydasx MOKET HE3HAYUTENIbHO M3MEHSTHCS MPH CYLIECTBEHHOM YXYAIIEHUN KadecT-
Ba M300pakeHus, a, ClieA0BaTeNbHO, OHa Takke Kak ¥ [IOCII He MoXkeT OBITH B35Ta 32 OCHOBY B ITOCTPOSHHUH OII-
TUMAJIbHBIX C BU3YaJbHON TOYKH 3pPEHHUS CHCTEM BOCCTAHOBJIECHHWS HM300pakeHwil [1,6]. DToT dakr Habmogaercs,
HalpuMmep, B aJiroOpuTMax MeﬂHaHHOﬁ (l)I/IJ'II)TpaLII/II/I 1 MOXKET paClCHUBATHCA KaK HECOCTOATCIILHOCTL OLICHKHU Kaydec-
CTBa 00pabaThIBAEMBIX H300PaKCHUH PU UCIOJIB30BAHHH TAHHON METpHKH onimOok. Heo6XoaumMo OTMETUTh | TO,
yro BenuunHa [IOCII He MOXET B IOJHOW CTENeHH OTpasUTh BO3/EHCTBUE Ha M300pakKeHHE Pa3IMYHBIX BHUIOB
nomex [7], T. €. Ipy HAJIMYMK B N300pKEHUN PA3HBIX BUIOB IIYMOB €€ 3HAYEHUE MOJKET OCTaBaThCS OJHUM U TEM
e, a Ka4eCTBO M300paKeHUs 3HAUMTEIBHO M3MEHAThCs. ClieoBaTeNbHO, IPH [TOCTPOSHUN ONTHMAIIBLHBIX CHCTEM
mudpoBoit 00paboTKN M300paKeHUH HEOOXOAUMO IMONB30BATHCS APYTUMH METPUKAMH Ka4eCTBAa, KOTOPBIE JIy4IIIe
COOTBETCTBYIOT CY>KIACHHSAM «OKUBBIX» 3pUTEINEH.

YHuBepcaabHbI HHAEKC Ka4ecTBAa H300paskeHu i

B nmannO#t paboTe mpemaraeTcs MCIONBb30BaHHE YHHBEpcaabHOro mHAekca kadectBa (YUK) m3obpaxenuit B
KauecTBe KPUTEpH IS OIpeeIeHHs] ONTHUMAJIbHBIX [IapaMeTpoB (GUIIbTpa, B 3aBUCHMOCTH OT BUJIa M CTEIICHH HC-
Ka)KEHHs BXOJHOTO CHTHAaJla. Y HUBEPCAILHOCTh JAHHOTO KPUTEPHS 3aKIIF0YACTCS B TOM, YTO OH OTPaXkKaeT HE TONb-
KO HEKOTOPYIO CXOXECTh 00pabOTaHHOTO H300pa)KCHUS MO0 OTHOIICHHIO K OPUTHMHAITY, HO M JOJDKHBIM 00pa3oM
YUYUTBIBACT pa3JIMUHbIC BHU/IbI HCKaKEHUM. HaHHblﬁ METOA OCHOBBIBACTCSA HAa CTATUCTHYCCKOM aHAJIU3€ OTIACIIbHBIX
0JI0KOB BXOJHOIo CurHajia u z[anbﬂef/imero CpaBHCHUA MOJYYCHHBIX PE3YJIbTATOB CO 3HAYCHUAMU 3TaJIOHHOTO U30-

N
I10CLI =20log,, CKO = %Z(xi —y,)?, TAe X, M Y, 3HAuCHWs NHKCENeil HCXOTHO-
i=1
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Opaxkenus. Takum oOpazom, kak u B ciaydae BeraucieHus [IOCII HemocTaTKOM TaHHOTO METOJa SBJISIETCS TO, YTO
JUISL €0 HaXOXKACHHS TOMHUMO BXOIHOTO M300pa)KeHUs] HEOOXOMMO UMETh HEKOTOPBIM ATAJIOHHBIN CUTHAJ, COOT-
BETCTBYIOLIHIA JaHHOMY H300pakeHuto [8].

Paccmotpum zise nocnenosatenshoctd {X, ) u {y;} i =12,...,N, cooTBeTCTBYIOWINE STAIOHHOMY H BOC-

CTaHOBJICHHOMY HM300pa)KeHHsIM, TOT/Ia YHUBEPCAIIbHBIM MHACKC KayecTBa OyIeT ONMpeAensaThCsi KOMOMHAlueH cTa-
TUCTUYCCKUX XapaKTCPUCTHUK (MaTeMaTI/I‘IeCKOI‘O OXXUaaHusA, TUCIIEPCUN U KOppeJISIIIPIOHHOﬁ (1)yHKI_II/II/I) COOTBECTCT-
BYIOLIMX CHTHAJIOB TI0 CJIeytoluei hopmye:
Eviyt N
4o0,xy -1 z
X =— i

1 N
VUK = > X; — s
[0 +0 (%) +(3)’] N3 N;y'

ot i(x ~-x)’
x N-1 & i

1 1 &
2 =\2 — v by
Ol (3,7 Oy = D (=D, ~ V)
Yy i Yy i i
N-15 N-143

3nauenue YUK usmensercs B unrepsane [—1, 1], npu stom YUK = 1 cooTBeTCTBYET HamIydIeMy KauecTBy
n300paxkeHus. BaxHo 0TMETHTE, 4TO MakcuManbHoe 3Hadenne YK = 1 momydaercs ToapKo Toraa, Korma y; = X;
Ha npotsikenuu Beero curhama (i =1,2,...,N), a munumansnoe 3nauenne YUK = —1, B ciyuae ecin

v, =2x—-x,, i=12,...,N . Onpenenéuunlii Takum 00pa30M MHIEKC Ka4eCTBA yUUTHIBACT B ceOE TPH HCKAKAKO-

mHxX (Gakropa: CTeneHb KOPPETUPOBAHHOCTH OTYECTOB JIBYX CUTHAJIOB, HCKAXKCHHE SIPKOCTH M HCKaXCHHE KOHTPa-
CTHOCTH OTHOCHTENIbHO OPHTHHAIBHOTO CHTHAlld. B pe3ylbrare 3TOro MCXOIHOE BBIPAXKEHHE MOXET OBITh Mpej-
CTaBJICHO B BUJIE MPOM3BEICHHUS TPEX MHOKUTEIEH:
VI - o, 2%y 20,0,
oo, (X)+() ol+o’
x7y y x y

Jannoe mpeacrasnenne YUK crocoOCTByeT XOpomei corinacoBaHHOCTH €ro 3HAYE€HHWH ¢ BU3yallbHBIMU KpH-
TepusAMH KadecTBa. OJTHAKO CIEAyeT 3aMETHTh, YTO B O0ILIEeM cilydae HU(POBOH CUTHAJI, COOTBETCTBYIOIINMA HEKO-
TOPOMY H300pa)KEHHUIO HE SBJIAETCS CTALMOHAPHBIM, a II03TOMY IIPSAMOE UCHONB30BaHNUe (YOPMYJIBI /ISl BEIYHUCICHUS
YUK B naHHOM ciydae HEZONMYCTHMO. Benencreue 3Toro HeoOXOAUMO BBIAEIUTH B N300PaKEHHH OTAENBHbIE JIO-
KanbHble 0bacTH pasmMepoM A X B, B npenenax KOTOpPbIX CHTHAJ MOYKHO CUMTAaTh CTAIMOHAPHBIM M BBIYMCIATH
CTaTHCTHYECKHE XaPAKTEPUCTUKHU (MaTeMaTHYECKOE OXKUAaHHE, AUCIEPCUIO0 U KOPPESLUOHHYIO (DyHKIUIO) BHYT-

pH 3TOii 0611aCTH, @ y)Ke Ha OCHOBAHMHU X BbrauCIsiTh 3HadeHne YK, cooTBeTcTBYIOLICE BBIICICHHOMY GIIOKY.
Takum obpazom, YUK, xapakrepusyronmii n3o0pakeHre B nenoM OyJeT ONnpenessaThes Kak cpeaHee apudmernde-

ckoe 3Hauennit YK, Ha npoTshKeHHH BCero H300paeHus, TO eCTh

M
VUK = LZYHIQ ,tne M - gucno 610K0B, BHYTpH KOTOPbIX Bhaucisics YUK,
i=1
Pe3yibTaThl MOI€JIMPOBAHNSA
IMpoBeném cpaBautensHblid ananmm3 YUK co 3nauenusimu TTOCII mns psna m3oOpakeHHH, MMOJBEPIKEHHBIX
pa3IMYHBIM HCKaXaromuM Qakropam [9]. Ha puc.l mpencraBieHsl n300paskeHHsI ¢ pa3IHIHBIMU BHIAMH HCKaXKe-
HUM M COOTBETCTBYIOIINE MM 3HAu€HMs yHUBepcaiabHOro mHuekca kadectsa (YHK), mpu srom Bemmumua [TOCII
OJIMHAKOBa JUIA BCeX M300pakeHuii u pasHa 23.4 nb.

a) YMK=1.0,CKO=0 0) YUK = 0.8561, TIOCLL = 23.4n1b
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8) VUK = 0.7030, [IOCIII = 23.415 r) VUK = 0.5174, TIOCIII = 23.415
Puc. 1. Ananu3 kauecTBa U300paXKeHUI: OPUTHHAN 256x 256 IUKcelel (a), u3o0paxeHnue, oopaborannoe ®BU (6),
n300pakeHNe C IMITYTECHBIM OHUTIOISIPHBIM IITyMOM (B), H300paskeHue ¢ OeIbIM IryMoM (T).

U3 mony4eHHBIX pe3yabTaToB BUAHO, 4T0 YUK M0oCTaTOYHO TOYHO OTpa)kaeT BH3yalbHOE KayecTBO Mpeolpa-
30BaHHBIX M300pakeHuid. B To Bpemst kak [TOCII octaéres MOCTOSHHBIM, BETMYMHA HOBOTO YHHBEPCATHHOTO HH-
JleKca KadecTBa n3MeHsercs B mpenenax ot 0.5174 mo 0.8561. Mcxons U3 3TOro, MOKHO YTBEPKAATh, UTO MCIIONb-
3oBanne YUK B kauecTBe KpUTEpHs BU3YaJbHOTO KadecTBa B 3a1adax HU(poBoi 00paboTkK n300pakeHNUi BIOIHE
1enecooopasHo.

Hawubosnee oruérnuBo pacxoxnenus B nokazanusx YUK u ITOCIII HaOir0qar0TCs P UCIIOJIB30BAHUK METO/IA
BBIPAaBHMBAHMS THCTOTpaMM B 3aja4ax 1udpoBoii 00padoTku n3odpakenuit. Ha puc. 2. npencrasiensl n3o0paxe-
HUS, IMEIOIINE pa3IMYHbIe BUABI TUCTOTpaMM M cooTBercTByromue M 3HaueHus [IOCII n YUK. U3 npencras-
JICHHBIX PUCYHKOB clieayeT, uTo ucxonas u3 nokazanuii [IOCII nuHeapu3aius rucTorpaMMsl (YBEIHUCHHE KOHTPA-
CTHOCTH) BXOJIHOT'O M300pa)XKCHHUs YXY/IIAET €ro BU3yalbHOE KaueCTBO B OOJBIICH CTEIICHH, YeM OIepaliys MOHH-
JKCHHSI KOHTPACTHOCTH TOTO XK€ M300pa)KCHHUs, YTO HE COOTBETCTBYET JCHCTBUTENHLHOCTH. B cBoto ouepens YUK
JIOCTATOYHO TOYHO OTPAKACT PE3yIbTaT BHIOM3MEHEHHS TMCTOTPAMMBI U B MPEICTABICHHOM CIydae HE MPOTHBO-
PEYHT BU3YaIbHOH OICHKE.

3akjouenue

IIpumenenne YUK He orpaHn4mBaeTcst CTPYKTypOH BXOJHOIO CUTHANA: OH MOXET HCHOIb30BATHCS HE TONBKO
B cucTeMax MU(POBOI 00pabOTKH CTAaTHYECKUX M300paXKCHUH, HO U IS OIICHKH KadecTBa BUACOIOCICAOBATEIFHO-
creii [10]. Ha 0a3e naHHOTrO KpUTEpHsi BO3MOXKHO MOCTPOEHHE HOBBIX ONTHUMAIBHBIX allTOPUTMOB 00pabOTKH IH-
POBBIX HM300pa)KEeHHi, a TakkKe OOBEKTUBHOE CpaBHEHHE PabOT yKe CYIIECTBYIOLIMX aJrOPUTMOB. Pe3ynbTarhl,
Npe/ICTaBICHHbIE B JAHHOW paboTe, MOKa3bIBAIOT XOPOlIyo Koppessinuio mexay YUK u BU3yallbHbIM KadecTBOM
n300pakeHus. Bee 3TO ykas3pIBaeT Ha aKTyaJbHOCTh MPOBEACHHUS MAbHEHITNX paOOT B JAHHOW OOJIACTH MCCIIEIO-
BaHMIA.

¥
a) YUK =0.8795, IIOCIL = 18.6 nb 6) YUK = 0.6416, I[IOCII = 19.001b
Puc. 2. CpaBuenue nokazanuii YK u [TOCII npu Bugon3MeHEHNH THCTOIPaMMBbl H300paXKeHUS: JIMHEapu3alus
THCTOTPaMMHI (2), ycedeHHe THCTOTpaMMEI (0).
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MODIFIED CRITERIA OF RESTORED IMAGES QUALITY ESTIMATION
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Measurement of visual quality is difficult and frequently inexact art, where the end result is influenced with
huge number of factors. Initially visual quality is considered as subjective criterion, therefore it is difficult take into
account all factors influencing on this characteristic. Many engineers of digital image processing systems frequently
use so-called objective (algorithmic) measures of image quality. As the most popular measure for today is peak sig-
nal to noise ratio (PSNR) described by following formula:

max, | x; |
-

VMSE

initial and restored images accordingly, and MSE is a mean-squared error. Value of PSNR is frequently used for
comparison various algorithms of image processing or for studying influence of different parameters on their pro-
ductivity.

Widely use of MSE and PSNR in the practical purposes and image processing applications is caused by follow-
ing reasons: simple calculation of their characteristics and low computational complexity. However it is necessary to
notice, there are some cases when value of MSE can be a little increased but the image quality is significant changed
and therefore MSE as well as PSNR can not be taken as the basis criterion for the construction optimum image
processing systems of restoration images.

As a result of it statement in this paper a universal image quality index (UIQI) is offered as a basis criterion for
the construction optimum image processing systems (filtering systems) of restoration images, because it value are
well be correlated with subjective criteria of image quality and depend on type of distortion factor and distortion
degree for an entrance signal. Value of UIQI is calculating by following formula:

vrpr = Zo. XV __ 209,
—\2 —\2 2 2
o0, (X) +(y) o, +0,

N
PSNR =201log,, MSE = %Z(xi —y,)?, where x; and y; represent pixel values for
i=1

Universality of the given criterion consists not only in estimation some similarity of the processed image in re-
lation to the original, but also in properly takes into account various kind of distortion factors. The given method is
based on the statistical analysis of separate blocks of an entrance signal and the further comparison of the received
results with values of the reference image. Thus, as well as in case of calculation PSNR or MSE the big lack of this
method is necessity of presence reference (original) image appropriate to given one for calculating value of univer-
sal image quality index.

Application of UIQI is not limited to structure of an entrance (input) signal: it can be used not only in systems
of digital processing of any static images, but also for estimation quality for some video sequences. On the basis of
the offered criterion is possible to construct new optimum algorithms of digital image processing and also objective
comparison productivity works of already existing algorithms. The results submitted in this paper show good corre-
lation between new image quality metrics UIQI and subjective visual criterion based on human visual system
(HVS). All of these statements specify an urgency of further works realization in given area researches.
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