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AHHOTanus. B mocienHee Bpems BOIIPOCHI ONpEeNIeHNsT PE3KOCTH NHU(POBBIX M300paKEHNI CTAHOBSITCS BCE
Oonee akTyaJbHBIMH M 3HaUMMBIMHU. Pacter kommdecTBO HU(POBBIX (hoTorpaduii, NCIOIB3YEMBIX B PAa3HBIX
obyacTsiX Hayku ¥ TeXHHKH. [losygaemble pasHBIMH = crocobamMu  HM300paKeHHsl MOTYT HMMETh
HEY/IOBJICTBOPUTEIIFHOE KadeCTBO, MO3TOMY BaKHBIM JTallOM B alropurMax oOpaboTkM W aHayim3a
N300paKEHHH SIBIISIETCSI 9TAIl IIPOBEPKU KauecTBa IOJy4aeMbIX JaHHbBIX. HekauecTBeHHBIE H300paXeHHs MOXKHO
aBTOMAaTHYECKH yIalsiTh. B cratbe wncciemyercst 3ajada aBTOMATHYECKOW OIEHKH PE3KOCTH LU(POBBIX
n3o0paxkeHnit. B pesynprare aHaim3a HayYHO-TEXHWYECKOW JIMTEpaTypbl ObUIM OTOOpaHbl 28 (GyHKIMH,
KOTOpBIC HCHOJB3YIOTCS JUIsl aHalu3a Pe3KOCTH IHM(POBBIX H300paKEHWH IIOCPEICTBOM  BBIYMCIICHUS
MHO)KECTBA JIOKAIBHBIX OICHOK. Bce (yHKIMH CcHadana BBMHCISAIOT JIOKAJbHBIE OLEHKH B OKPECTHOCTH
KaXJI0ro THKCEeNa, 3aTeM B KadecTBE OOOOIIEHHOM OIEHKM KadecTBa BCEr0 M300pa’KEHUS MCIIOIb30BAJINCH
cpenHue apupMeTHIECKHE 3HAUCHNUS JIOKAIBHBIX OIIEHOK. TecTHpOoBaHKe ITOKa3all0, 9YTO MHOXKECTBO JIOKAJIbHBIX
OLICHOK PE3KOCTH OJTHOTO N300pa’kEeHHs Yallle BCETO HE COOTBETCTBYIOT HOPMaIbHOMY PacIpe/IeIeHUIO JaHHBIX.
[TosTOMY JOTOMHHUTENHEHO OLEHMBAIMCH MOAM(UIIMPOBAHHBIE BAPUAHTHI MCCIECAYEMBIX (YHKIHH, B KOTOPBIX
BMECTO CPEIHUX 3HAUCHUH JIOKAJBHBIX OIICHOK MCIOJIb30BAJICS OJMH W3 MTapaMeTpoB pacrpeneneHus BeiiOyma
(FORM, SCALE, MEAN weib, MEDIAN weib). B cratbe omeHMBaiIMCh TpU BapuaHTa KOPPEISLHH
KOJIMYECTBEHHBIX OLICHOK PE3KOCTH C CYOBEKTHBHBIMH OIICHKAMH 4eJIOBeKa-dKcIepTa. Tak Kak pacnpenesieHne
JIOKJIGHBIX TIPU3HAKOB OTJIMYAETCs] OT HOPMAJIBHOTO, IPUMEHSUINCH J[BA PAHTOBBIX KOd(HIMEeHTa KOppersimn —
Cmupmena u Kenpamna. Koppemsiius Bbime 0,7 o03Hayanma XOpOIIEE COBIAJEHHE KOJIMYECTBEHHBIX
1 BU3YaJIbHBIX OIIEHOK. DKCIIEPUMEHTH! BBINOIHSUINCH Ha LHU(PPOBBIX HM300paKECHHUAX Pa3NUYHOIO KayecTBa
1 PE3KOCTH — Ha MCKYCCTBEHHO Pa3MBITHIX M300paKEHMSAX M HA PasMBITBIX B Ipomecce chbeMku. O0o0mas
PE3yNIBTAThI BHITOIHEHHBIX YKCIIEPUMEHTOB, JUIS aBTOMATHYECKOTO aHAJIN3a PE3KOCTH U(POBBIX H300paKeHUH
TIpe/IIaraeTcs UCIONb30BaTh CeMb (DYHKIMH, KOTOPHIE OBICTPO BBIYHMCISIOTCS W JIy4YlIe JPYTHX KOPPETHPYIOT
¢ CyObEKTUBHBIMU OLICHKaMH PE3KOCTH, BBICTABICHHBIMH YEJIOBEKOM-IKCIIEPTOM.

KnaroueBble cjioBa: oOneHKa KadecTBa IH(POBOrO HW300paKEHMs, PE3KOCTh H300paKEHHs, pPa3MBITHE,
HOpMAaJIBHOE paclpesieneHne, pactpeaenene BeiOyma.
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Abstract. Recently, problems of digital image sharpness determination are becoming more relevant and
significant. The number of digital images used in many fields of science and technology is growing. Images
obtained in various ways may have unsatisfactory quality; therefore, an important step in image processing
and analysis algorithms is a quality control stage of the received data. Poor quality images can be automatically
deleted. In this article we study the problem of the automatic sharpness evaluation of digital images. As a result
of the scientific literature analysis, 28 functions were selected that are used to analyze the clarity of digital
images by calculation local estimates. All the functions first calculate local estimates in the neighborhood
of every pixel, and then use the arithmetic mean as a generalized quality index. Testing have demonstrated
that many estimates of local sharpness of the image often have abnormal distribution of the data. Therefore,
some modified versions of the studied functions were additionally evaluated, instead of the average of local
estimates, we studied the Weibull distribution parameters (FORM, SCALE, MEAN weib, MEDIAN weib).
We evaluated three variants of the correlation of quantitative sharpness assessments with the subjective
assessments of human experts. Since distribution of local features is abnormal, Spearman and Kendall rank
correlation coefficients were used. Correlation above 0.7 means good agreement between quantitative and visual
estimates. The experiments were carried out on digital images of various quality and clarity: artificially blurred
images and blurred during shooting. Summing up results of the experiments, we propose to use seven
functions for automatic analysis of the digital image sharpness, which are fast calculated and better correlated
with the subjective sharpness evaluation.

Keywords: image quality assessment, image sharpness, blur, normal distribution, Weibull distribution.
Conflict of interests. The authors declare no conflict of interests.
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BBenenue

B HacTosiee BpeMs OBICTPBIME TEMIIAMH Pa3BUBAIOTCS Pa3lWYHBIC TEXHOJOTHH TOyYCHUS
U poBbIX U300pakeHuit. [Ipu 3ToM monmydaemble TaHHBIE HE BCErla BH3yalbHO MMEIOT XOpOIIee
kadecTBo. Hampumep, MHOrue m300pa)XeHHUS MOTYT OBITh YAaCTHYHO WJIM IIOJIHOCTBIO DPa3MBITHI.
B cBszu ¢ 3THM HcchenoBanack 3ajada BeIOOpa Oe33TaloOHHBIX (no-reference) OmEHOK pPe3KOCTH
TUQGPOBBIX H300paKEHHH, KOTOPHIE COOTBETCTBYIOT BH3YaJILHOMY aHajH3y YellOBeKa M OBICTPO
BBIUMCIIAIOTCS. TecTHpoBaHHE TPOBOAMJIOCH HA HMCKYCCTBEHHO pPasMBITBIX W peajibHBIX
(3adukcupoBaHHBIX (POTOKAMEpaMH) H300paKEHUSX.

B nuteparype mis uccienoBaHUK OLEHOK PE3KOCTH IHU(PPOBBIX M300paKEHHWH 4Yalle BCEro
HCIIONB3YIOT CIEAYIOIINE CIIOCOOBI MCKYCCTBEHHOIO MCKa)keHUs u3oOpaxkenwii [1]: ¢umptp Iaycca
(puc. 1, b, ¢), ycpennenue, paguaibHoe pa3mbitue (radial blur, puc. 2, a), MmacmrabupoBanue (zoom
blur, puc.2, b). Taxke B SKCIEpUMEHTaX HCIOJIB3YIOTCS H300pa)KeHUs, Y KOTOPBIX Pa3MBITHE
MOJY4YE€HO ECTECTBEHHBIM MyTeM [2], T. €. u3-3a JBIKEHHSI KaMephl WM 00bekTa cheMKH (motion blur,
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puc. 2, ¢, d), n3-3a Manoil riyOMHBI PE3KOCTH (BOCIIPOM3BECTH 3TOT BUJ Pa3MBITHSI MOCPEACTBOM
00paboTKK M300paXKeHUsI 3aTPyTHUTEIBHO, puc. 3-4).

J11st OLIeHKH Pe3KOCTH HU(PPOBBIX H300paKEHUH NCTIONB3YIOTCS PA3TUUHBIC TOIXO/IBL:

— aHanu3 JNokabHBIX rpaauentos (Mepsl BEGH [3], SHAR [4] u ap.);

— aHaJIM3 CHHTYJISIPHBIX YHCEN MaTpHLbl sipkocteil (Mmepa SVDB [5] u ap.);

— craructudeckue xapaktepucTuku (ACMO [2] — aOCONIOTHBIM MEHTPANBHBIA MOMEHT,
LOEN — nokanenas sutportst, HISE [2] — sHTporus, 4eTBepThiii IIEHTPaIbHBI MOMEHT WM SKCIIECC U JIp.);

— aHanM3 JaHHBIX Tocie mpeobpasoBanusi Dypre wim ObicTporo mpeodpazoBanus Dypwe
(mepa FFT u mp.);

— BeiiBeT-peodpa3oBanue u aHanu3 mapamerpos (Mepet WAVS [2], FISH [6] u np.).

b c
Puc. 1. IIpumepst m3o6paxkenuii 6a3sr CSIQ [1]: a — ucxomuoe m3obpaxenue; b, ¢ — M300paKCHUL
nociie npuMeHeHuns GubTpa [aycca ¢ pa3HpIMU MapaMeTpamMmu
Fig. 1. Examples from the CSIQ image database [1]: a — an original image; b, ¢ — images after applying
the Gaussian filter with different parameters

a b

Puc. 2. [IpuMepbl HCKYCCTBEHHO CO3JIAaHHOT'O Pa3MBITHS HA H300PaKECHUAX: a — PaJJHAIbHOE Pa3MBbITHE;

b — macmrabupoBanue; ¢, d — IpUMepbl H300paKEHUI C €CTECTBEHHBIM Pa3MbITHEM (H3-32 JBHKCHHUS)
Fig. 2. Examples of artificially blurred images: a —radial blur; b — the zoom blur; ¢, d —motion blur

THESTORR - 2

INBICTIONARY un-m‘p :

01.jpg 04.jpg 08 jpg
Puc. 3. [Ipumep u300pakeHuid ¢ pa3MbITHEM H3-3a CMELIEHHs TOUYKH GOKycHpoBkH (0a3a Pertuz [2])
Fig. 3. Image examples from the Pertuz image database [2]

Puc. 4. IIpumep n300pakeHuid ¢ pa3MbITHEM N3-3a N3MEHEHHUS TITYOMHBI PE3KOCTH
Fig. 4. Example of blurred images with changes in the depth of field
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BKCHepI/IMeHTaJII)HaH qacThb

Jlis TecTHpOBaHUS HWCHOJB30BAINChL 0a3a M300paKEHUH C HCKYCCTBEHHBIM Pa3MBITUEM
CSIQ [1] u 6a3a u3zo0pakeHU# ¢ ecTeCTBEHHBIM pa3MbiTHeM Pertuz [2]. KonmuecTBo n300paxkeHui,
ucnons3yeMbix B 0aszax mauHbIX (BJ): CSIQ — 6, Pertuz — 33. Pa3smep u3obpaxenwuii: b/ CSIQ —
512x512 nk, BJ] Pertuz — 640x480mnk. M300pakeHus B 0a3zax MOMYYECHBI CIICIYIOIIUM OOpa3oM:
BJI CSIQ — WCKycCTBEHHO TMONyYeHHOE pa3MbITHE, T.€. NpuUMeHeHueM ¢uubTpa [aycca
¢ pasnuuHbIME Tlapamerpamiu (puc. 1); bJl Pertuz ectecTBeHHOE pa3MbITHE, MTOTYYECHHOE U3-32 CMEHBI
TOYKU (DOKYCUPOBKH Kamepsl (puc. 3).

brimn uccnenoBansl cnemyronme Mepsl ouenku peskoctu: ACMO [2], BEGH [3], BISH [7],
BREN [2], CON3 [8], CPBD [4], CURV [2], DEF [9], FFT, FISH [6], FUS [10], GORD, HELM [2],
JNBM [11], MLV [2], LAPD [2], LAPM [2], LAPL, LOCC, LOEN, PSIS [12], SHAR [4],
SVDB [5], SPAR [13], WAVS [2], S3 u nBe ee coctapmsomue — S3 1, S3 2 [14]. YacTp U3 3TUX Mep
OIMCaHa M UCCIIe/IoBAJIach B paborax [2, 14, 15].

Jis Kakaoro M300paKeHUs U3 HCIONB3YEeMBIX 0a3 ObLIM MONTYYEeHBI MAaCCHUBBI yKa3aHHBIX
BBINIC JIOKABHBIX OIICHOK. Bce Mephl CHayalia BBIYUCISIOT JIOKAJIBHBIE OLIGHKH B OKPECTHOCTH
KXKJIOTO MHUKCeNa, 3aTeM B OPUTHHAIBHBIX IMyOIMKAIMIX B Ka4eCTBe 00OOIICHHON OIeHKH KadecTBa
BCEro M300paKeHUs UCTIONB30BAITUCH CPEIHIE apU(METHUSCKUE 3HAUCHUS JIOKATBHBIX OIICHOK.

Ha mepBom aTame skcriepuMeHTOoB Oblila MPOBECHA MPOBEPKA HOPMATBHOCTH PACIPEACTICHHUS
JIOKAITLHBIX OLEHOK. J[si 3TOro OBUIO TPOBEICHO CIEAYIONIMX BOCEMb TECTOB Ha COOTBETCTBHUE
MOJYYEHHBIX JIOKAJIBbHBIX NPU3HAKOB HOpMajbHOMY pacnpenenenuto: Shapiro-Wilk, Anderson-
Darling, Chi Square, Smirnov-Cramer-Von Mises, Kolmogorov-Smirnov, Geary, Lilliefors, Jarque-
Bera. DOxcnepumenTsl mokazamu (Tabin. 1), dYTO MHOMKECTBA JIOKAJIbHBIX OIEHOK KadyecTBa,
BBIYHMCIICHHBIX JIII OJHOTO W300pakKeHWs, 4Yalle BCEr0 HE COOTBETCTBYIOT HOPMAILHOMY
pacnpeeIeHUIO TaHHBIX.

Ta6auna 1. Meps! OlIeHKH Ka4eCcTBa U COOTBETCTBHE MX JIOKANBHBIX OIIEHOK HOPMAIEHOMY PACIPEICIICHUIO
Table 1. Quality assessment measures and the conformity of their local assessments to the normal distribution

Baza KommdecTBo TecTOB MOATBEPAUBIINX HOPMAIBHOCTD PACTIPEAETICHIS JaHHBIX
n300pakeHnH JUTSL yKa3aHHBIX Mep KadecTBa
Image Number of tests confirming data normality for the given measures
database OIIMH OIMH-TBA TpH 4eThIpe
one one-two three four
B/l Pertuz ACMO, BEGH, BISH, BREN, CON3, CPBD, CURYV, DEF, FISH,
FFT, FUS, GORD, HELM, MLV, LAPD, LAPM, LAPL, - PSIS, -
LOCC, LOEN, SHAR, SVDB, SPAR, S3, S3 1, S3 2, WAVS JNBM
BJ1 CSIQ ACMO, BEGH, BISH, BREN, CON3, CPBD, CURYV, DEF,|S3, S3 2 JNBM,
FFT, FISH, FUS, GORD, HELM, MLV, LAPD, LAPM, - PSIS
LAPL, LOCC, LOEN, SHAR, SVDB, SPAR, S3 1, WAVS

B cratee [15] moapoOHO omucaH psn AOBOAOB B MOJB3Y HCHOJNB30BAHMS paclpeneseHHs
BeiiOymna s annmpoKkCMManuy MHOMKECTBA JIOKAJbHBIX OLCHOK M MCIIONB30BAHUS €r0 MapaMeTpoB
B KayecTBe IIIO0AJBbHBIX OIIEHOK KadecTBa HUQPOBBIX H300paxeHuil. [lostomy nms rimobambHON
OLIEHKH KaudecTBa M300pa)KEHUSI HCIIONB30BAUCH CIEAYIONIME MapaMeTphl: CpeiHee 3HaueHue
st HopManbHoro pacmpenenenuss (MEAN norm), a Ttakxke cpegHee 3HaueHHE, MeEAWaHa,
ko dunmentel MacmTaba u Gopmel pacmpenenenus Beiibymia (MEAN weib, MEDIAN weib,
SCALE u FORM co0TBETCTBEHHO).

Hns  BoiOopa Haubonee NOAXONAIIUX (QYHKIUH OIEHKH PE3KOCTH HCIIOIB30BAIUCH
ko dunmenter koppemsauuu Ilupcona, a taxke panHropoil xoppemsuuu CrnupmeHa n Kenpamia,
KOTOpBIC BBIYMCISUTUCH Uil BU3YaslbHBIX OLEHOK (MOS) u yka3aHHBIX BBIIIE IAPaMETPOB,
ONpEIETICHHBIX U BCEX H300paskeHUH. Pe3ynbraTel SKCIIepUMEHTOB OTPaXKeHbI B Tab. 2.

Ha nckyccTBEHHO pa3sMBITBIX W300paXeHUSIX MHOTHE (QYHKIUH OLEHKH KOPPEKTHO OLCHUIH
PE3KOCTh M300paKEHHH, T. €. CaMOe Pa3MbITOE M300pakeHHe UMENI0 HaMMeHbIlee 3HaYCHUE OLICHKU
PE3KOCTH, & CaMOe YEeTKOe H300pakeHHe — MAaKCUMAaJIbHOE 3HAUCHUE.

Jns peasibHBIX M300pakeHW MakcuManbHoe 3HaueHue Koppemsiunun Crupmena (0,9932)
nokazanu crnenyromme Mepel: BREN (MEAN norm), FUS (MEAN norm), MLV (MEAN norm),
SVDB (SCALE), SPAR (MEAN weib). B ckoOkax ykazaH mapameTp, HCIOJIb3YEMbIil B KayecTBE
(DUHATBHOM OLIEHKH PE3KOCTH.
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Taomuna 2. CBoIHBIE pe3yIbTaThl aHANMK3a 28 Mep OLEHKH Pe3KOCTH
Table 2. Summary of the 28 measures for the image sharpness assessment

ITapamMeTpsl, MOKa3bIBAOMIME XOPOLIYIO KOPPEIIALUIO C BU3yalbHOU OLICHKON
Hazpanue (3Hagenue xoppersuu conse 0,7)
MepbL Parameters that show good correlation with visual assessment (correlation value is greater than 0.7)
pe3KocTH JIJ1s1 MICKYCCTBEHHO Pa3MbITBIX N
Sharpness y30Gpaskenuit (B CSIQ) Jliist m300paskeHnii, pa3MBITBIX €CTECTBEHHBIM ITyTEM
measure For artificially blurred images (CSIQ (BH.Pele)
For naturally blurred images (Pertuz database)
database)
ACMO BCE BCE
BEGH BCE BCE
BISH Bce, kpome FORM Bce, kpome FORM
BREN BCE Bce, kpome FORM u MEDIAN weib
CON3 BCE BCE
CPBD tonsko MEAN norm TLI0Xast KOppeisiys ¢ BU3YAIbHON oLleHKoi n300pakenuii, < 0,7
CURV Bce, kpome FORM Toapk0 FORM
J0JIT0 BBIYHC/IAETCSA; M10Xasi KOPPeJsHs ¢ BH3.0lleHKOI
u300pakeHuii (MakcuMmamnbHas Koppemwsaus pasHa 0,73 —
DEF BCE .
koppersimust - Crimpmena s FORM;  y  ocranbHBIX
rapamMeTpoB Koppesrsitws MeHbre 0,2)
FFT BCE Bce, kpome FORM
FISH Bce, kpome FORM Bce, kpome FORM
FUS Bce, kpome MEAN weib BCE
GORD BCE Bce, kpome FORM
HELM BCE Bce, kpome MEDIAN weib
JNBM Bce, kpome MEDIAN weib toasko FORM, MEDIAN weib
MLV BCE MEAN norm, SCALE
LAPD Bce, kpome MEAN weib MEAN norm, MEAN weib
LAPM BCE MEAN norm
LAPL BCE TJI0Xas1 KOPPeJISILMS ¢ BU3YAJILHOI OlLIeHKOii H300paKenuii, < 0,7
LOCC BCE MEAN norm, SCALE
LOEN BCE MEAN norm, SCALE
PSIS BCE Bce, kpome FORM
SHAR BCE MEAN norm, SCALE, MEAN weib
SVDB Bce, kpome MEAN norm Bce, kpome FORM
SCALE, MEAN weib, MEDIAN weib
SPAR BCE
J0JIT0 BbIYHCJIAETCS
MEAN norm, MEAN weib
S3 BCE
J0JIT0 BbIYHCJIAETCS
S3 1 Bce LI0XAast KOppeJIsiys ¢ BU3YaIbHON OLieHKoi n300pakenuii, < 0,7
- J0JIT0 BbIYHCJIAETCS
S3 2 Bce, kpome FORM BCE, J0JIT0 BLIYHCIAETCS
WAVS BCE Bce, kpome MEDIAN weib

[Mpumeuanue: «Bee» o3Hagaet mats Bapuantos (MEAN norm, FORM, SCALE, MEAN weib, MEDIAN weib)

Ha peansupix n3o6paxkenusx as mepsl BISH 3nauenms xoppensuuun Cnupmena u Kenpanna
uist Bcex mapamerpoB, kpome FORM, omunakoBeie — 0,9291 u 0,8228 cooTBeTCTBEHHO, U 1 —
IUISl ICKYCCTBEHHO pasMBITHIX H300paxkenuit. Hns Mep FFT wu S3 2 curyaums ananornuyna —
3HAa4YeHUs! KOI()(UIMEHTOB KOppesiu Al pealbHbIX u300pakeHuid paBHbl 0,9794 u 0,9349,
IUIs1 ICKYCCTBEHHBIX — 1 (st koppersiunu CrimpMmena u koppemsiunu Kennemnna).

K d4erpipeM MepamM He UOpUMEHHMBI TapaMeTpbl  pacmpeneincHus  BeliOymna,
TaK KaK BRIUACIISIETCS HENOCTATOYHOE KOJIMYECTBO JIOKAJIBHBIX 3HAYeHUH (MX HYHCIO YKa3aHO
B CKOOKax ais kaxxaoi mepel): ACMO (256), CPBD (101), INBM (70), PSIS (20-30).

[Iste Mep momro BeUMCHAIOTCS (B CKOOKaX yKa3aHO BpeMsS BBIUHCICHUS Mep
JUTS TIOTYTOHOBBIX M300paxeHuii pasmepom 640x480 nk): DEF (20 ¢), SPAR (5 ¢), S3,S3 1, S3 2 (15¢).

Menblile BceX KOPPENHUPYIOT C BU3YalbHBIMU OLIEHKaMH CJICAYIOUINE KOJIUYECTBEHHBIE MEPHI
(ocoOeHHO Uil €CTECTBEHHO Pa3MBITBIX H300pa)KEHHM, TZle 4acTb OOBEKTOB NpEACTaBieHa YETKO,
a yacTthb pa3mebiTa, puc. 2—4): CPBD, CURV, DEF, INBM, LAPL, SPAR, S3 1.

Mepsl, mHepeuuclieHHBIE B Tpex MOciIeIHUX ab3amax TaOn. 2 (BBIAETCHBI JKUPHBIM),
HE PEKOMEHYETCs UCIOIb30BaTh ISl OLEHKH PE3KOCTH M300paskeHNH.
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Ha wu3oOpakennn MoryT OBITH 00JIACTHM C Pa3HOW CTENEHBIO PE3KOCTH, YETOBEK JIErKO
ONpeAeNsieT X BU3YaJIbHO. DKCIEPUMEHTHI MOKa3aJd, YTO CIIOC00 YCPEAHEHHs! JTOKAJIbHBIX OLEHOK
Ul €AMHOW OIEHKM PEe3KOCTH HW300pa)KeHUs HEeAOCTaTOYHO ToueH. Hampumep, Ha pwuc. 5
npezacrasieHsl rpadpuku pyHkuun SPAR mis Bcex nzobpaskennii 6a3el Pertuz. BunHo, uro nmapamerp
MEAN norm Bbimensier wuzoOpaxkenue 11.jpg, kak HamOomee peskoe. BusyanbHblil aHamm3
MOKa3bIBACT, YTO OHO CaMOE Pa3MBITOE, a JIYUIIMMH SIBJISIOTCS n3oopaxkenus 04.jpg, 05.jpg, 06.jpg.
B T0 e Bpemsl eciii BMECTO YCPEOHEHHS JIOKAIBHBIX OLEHOK (T. €. BMecTo napamerpa MEAN norm)
ucnonb3oBath napamerp SCALE pacnpenenenus BeiiOyma, BeIO0p Hanboee pe3kux M300paskeHui
Oyzet 6oJee KOPPEKTHBIM.

DKcnepruMeHTalbHO MoKa3aHo, 4to 3HaueHus ¢pynkuuii CPBD, CURV, DEF u S3 1 Ha 6aze
n3o0paxeHuil Pertuz He coBnazaioT ¢ BU3yaJbHBIMU OLIEHKaMHU PE3KOCTH H300pakeHHH.
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Puc. 5. I'padyk cpenHux 3HaYCHUH JTOKaIBHBIX olleHOK SPAR (HenpepriBHast uHMSA), TpadyK mapamerpa
SCALE pacnpenenenust BeiiOysuia (mrpuxoBast TMHNSA); MAKCHMYM Ha rpadukax yka3plBaeT Ha HanOoiee
peskoe n3obpaxenue. KonnaecTBeHHbIE OLICHKH Ha rpaduke ObIIIM HOpMaJIM30BaHbI K quana3ony [0, 1]
Fig. 5. Graph of the mean local values SPAR (solid line), graph of the SCALE parameter of the Weibull
distribution (dashed line); the maximum in the graphs indicates the sharpest image. Quantitative estimates
on the graph were normalized in the range [0, 1]
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3akjoueHmne

B pesynbraTe aHanmmza HayYyHO-TEXHHYECKOW JHUTEpaTypbl OblIM oToOpaHbl 28 (yHKUMH,
KOTOpBIC MCIOIB3YIOTCS Ul aHaJi3a Pe3KOCTH HU(POBBIX N300paKeHUH MOCPEICTBOM BBIYUCIICHHUS
MHOKECTBa JIOKAJbHBIX OIeHOK. OHM OBUTM MPOTECTUPOBAHBI HA JBYX MHOXECTBaX HM300pa’keHUI
pPa3IMYHOrO0 KadecTBa M PE3KOCTH. OKCIEPUMEHTHI BBINOTHEHBI HE TONBKO Ha MCKYCCTBEHHO
Pa3MBITBIX H300paXXeHUSIX, HO M Ha Pa3MBITHIX B MIPOLECCE ChEMKH.

TecTupoBaHNEe MOKa3aJI0, YTO MHOMXECTBO JOKAJIBHBIX OIIEHOK PE3KOCTH B INPEAENax OJHOIrO
n300pakeHUsl Yalle BCEr0 HE COOTBETCTBYET HOPMAalbHOMY pacIpeAeieHuIo NaHHbIX. [loaTomy
JOTIOJTHUTENBHO OIIEHUBAINCh MOTU(HUIMPOBAHHBIE BapUaHTHl MCCICAYEMBbIX (YHKIUH, B KOTOPBIX
BMECTO CPEIHUX 3HAUEHHH JIOKAJIbHBIX OLIEHOK MCIOIB30BAJICA OAMH U3 MMapaMETPOB paclpeaeicHus
Beiioymna (FORM, SCALE, MEAN weib, MEDIAN weib).

B crathe oneHuBamMch TpU BapuaHTa KOPPENALHMH KOJIMYECTBEHHBIX OLCHOK PE3KOCTH
C CyObEKTUBHBIMU OLIEHKaMH. TakK KakK paclpefcicHue JOKAJbHBIX MNPU3HAKOB OTIMYAETCS
OT HOPMAJIBHOT'O, IPUMEHSIIMCH [1BA PAHTOBBIX K03 dunmenta koppemsiunn Crnupmena u Kenganna.
Koppenauus Beimie 0,7 o3Havana Xopoliee COBNaieHNE KOMMUECTBEHHBIX U BU3YaJIbHBIX OLIEHOK.

B paGore [14] nccnenoBanace 3a1a4a aBTOMaTHYECKOTO BEIOOpa BU3yalbHO HanboJee pe3Kux
n300pakeHUH ¢ TOMOIIBI0 0€33TaJOHHBIX OLIEHOK KadecTBa. B pabore [15] mpu pemennu stoit
e 3a7jauil JTOTOJHUTENBHO OLEHWBANMCh MapaMmeTphl pacnpenencHus BeiOymna FORM u SCALE
Kak [I00aJbHBIE MEpbl BMECTO CpPEOHUX 3HAYCHWH Ui MHOXECTBA JIOKAJIBHBIX OIEHOK.
OKCHEpUMEHTAIPHO MOKa3aHO, YTO HEKOTOphIE OLEHKH KadecTBa H300pa)KeHUH, BBIUMCISIEMBIC
JaHHBIMU (DYHKIMSAMH, MOKHO cAenaTh Oojiee TOYHBIMU MOCPEICTBOM HCIIOIB30BAHUS MAapaMeTpoB
pacnpenenenus BeitOyiia BMecTo ycpeqHEHHUS 3HAUCHNUH JIOKAJTbHBIX OLECHOK.

O600mas pe3ynbTaThl BBIIOIHEHHBIX 3KCIIEPUMEHTOB, UIS aBTOMATHYECKOrO aHaJM3a
pe3kocTH HIU(GPOBBIX M300paKEHUH MpeyiaraeTcs UCIONb30BaTh CICAYIOMINE MEPbl U UX BapUAHTHIL:
BREN (MEAN norm, SCALE, MEAN weib), FFT (MEAN norm, SCALE, MEAN weib, MEDIAN
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weib), GRAE (SCALE), GRAT (SCALE), LOCC (MEAN norm, SCALE), LOEN (MEAN norm,
SCALE), SVD (SCALE). Onu BbUHCISIOTCS ObICTpee ApYyruxX QYHKIHUHA U JTydiie KOPPEIupyloT C
CyOBEKTHBHBIMH OLIEHKAMH PE3KOCTH N300paKEHUH.
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