3A0 «ABTOKC CII6» zuk@autex.spb.ru (812)567-72-02

CPABHUTENbHbIA AHANIU3 ANTTOPUTMOB LIM®POBON OBEPABOTKN U3OBPAXEHUA HA
BA3E NAKETA PICLAB

AmnanskoB U.B., bexpenes B.A., Cokxonernxo E.A., Xpsmes B.B.

SIpocnaBckuii rocynapcTBeHHbIN yHuBepeutetT uM. ILI7. Jlemunosa
150000, Poccusi, SIpocnasns, yin. CoBerckas, 14.
Ten. (4852) 79-77-75. E-mail: dcslab@uniyar.ac.ru

BBenenue

B cBs13u ¢ HaOIrOMAIONIMIMCST POCTOM IPUMEHEHUS! alropuTMOB I (poBoii 00paboTkn M300paskeHnit B pa3nnd-
HBIX TIPUJIOKEHHAX (TEJIEKOMMYHHUKALUH, HU(PPOBOE BUIEO, PAIH0aCTPOHOMHS, MEULIMHA, TPAHyJIOMETPHs), aKTy-
QIBHOM 3a/aueil sBIsieTcsl pa3paboOTKa MAKETOB MPUKIAAHBIX IPOrpaMM JJIsl PEIICHHs] HaYYHBIX M NMPAKTHYECKUX
3aja4, a TAKXKe Ul TIOATOTOBKH CIIEIMAINCTOB B IJaHHOW obsiacTu. BMmecte ¢ Tem, Bo3pacTaromas ClI0KHOCTh MOSIB-
JISFOIIHUXCSI aITOPUTMOB TpeOyeT HOBBIX, OoJiee HATTIIHBIX METOIOB WX BU3yanu3anuu [ 1,2].

J11s1 BEITIOTHEHUSI HAYYHBIX Y IIPAKTHYECKHX 3a7a4, a TaKkxkKe J1abopaTopHbIX paboT mo Kypey “Llndposas odpa-
60TKa M300paKEeHHH”, YNTaeMOro cTyeHTaM (usnueckoro daxyiprera IpociaBckoro rocyjapcTBEHHOTO YHHUBEP-
cureta (SIpI'Y), oOyuaronuxcs 1o crnenpaibHocTsIM “Pagnodusnka u anexrponuka” u “TerekoMMyHUKAMK™ pa3-
paboTaH MakeT MPUKIATHBIX IporpaMM 1o nudpoBoit 06padboTke u3obpaxenuit Picture Laboratory (PICLAB). Ha
CETOJIHSIIHUK JIeHb B POrpamMMe IOJUIEPKUBAETCS TPU OCHOBHBIX (hopmata rpaduueckux ¢aiiioB: BMP, JPEG, a
Taoke ero MoauduuupoBanHbiii Bapuant JPEG 2000 [3]. [lnsi KOPPEKTHOTO CpaBHEHHMsI Pa3lIMUHBIX aJITOPUTMOB
o6pabotku naker PICLAB conepxut Habop Hanbosiee NU3BECTHBIX TECTOBBIX M300pakennit (puc. 1). Ilpu pabore c
ITOPUTMaMH CYIIECTBYET BO3MOXXHOCTbH IPEIBAPUTEIBHOIO MPOCMOTPA PE3yJIbTaTOB OOPaOOTKH, OTrpaHHYCHUS
JCWCTBHSl JITOPUTMA BBIICIEHHOW 00IacTbio Ha 0OpabaThiBaeMOM H300paXKEHHWH, pean30BaHa MHOTOSI3BIKOBAs
nojyepxka. Baxxnol ocodennoctsio nakera PICLAB sBisieTcss BO3MOXKHOCTD aHalIM3a alropuTMa o0pabOTKH H30-
Opa’keHHs KaK C TOYKU 3peHHsI OOBEKTHBHBIX Kpurepues (oTHomenne curHan/mym (OCI), cpenHekBagpaTndaHas
omuOKa 1 Jp.), TaK U C TOUYKU 3pEHUS CyOBEKTUBHBIX BU3YalIbHBIX OIICHOK (MMEETCS BO3MOXKHOCTD II€YaTH PE3YIIb-
TaTOB HCCIIEOBAHUI ¢ aBTOMATHYECKUM O(OPMIIEHHEM B COOTBETCTBHU C BBIOMpaeMbIM 11abiaoHoM). Hrke npuso-
JUITCSL KpAaTKHE OIHMCAHKsI OCHOBHBIX 0JIOKOB 00paboTKH, peann3oBanHbix B nakere PICLAB (puc. 2).

Puc. 1. TectoBbIe m300pakeHUs

BJ1ok reoMeTprnyeckux npeodpazoBanuii

BeinonHseT ropu30HTAIBHOE U BEPTUKAIBHOE OTPaKCHUE M300pakeHHs1, MoBopoT Ha 90° 1o yacoBol u mpo-
THB YaCOBOH CTPEJIKH, a Takxke NoBopoT Ha 180°. Peann3zoBaHbl alropuT™Mbl IOBOPOTa N300pakKeHHs Ha MIPOU3BOIb-
HBI yrojl W MacIITaOMPOBaHMS C MPOW3BOJIBHBIMU Kod(duimeHTamu 1mo ropu3oHTaIM U BepTHKamu. IIpn sTtom
MIOJIEPKUBAIOTCS HECKOJIBKO (DYHKIIMH HHTEPIIOJSALMN: JINHEIHAs, OMKyOndecKast, TPHAHTyIsIpHast.

Baok nodaBjenus aiIMTUBHOIO IyMa

ITo3BonseT n06GaBIATh K HM300pPaXKEHHIO aJIUTHUBHBIA LIyM CO CIEAYIOIIMMH (QYHKIUSAMH DPACIPEASIICHUS
IUIOTHOCTEW BEPOSITHOCTH: MOCTOSHHOE, I'ayCCOBCKOE (HOpPMaJIbHOE), IKCIIOHEeHIabHoe. Kpome Toro, k u3o0pa-
YKEHUIO MOYKHO J100aBJISITh MMITYJIbCHBIM LIYM JBYX MOJAENEH: ¢ (PMKCUPOBAHHBIMH WIIM CIIyYaiHbIMU 3HaUE€HHSIMHU
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O6paboTka 1 nepepaya M3o6pakeHUmn

aMIUTUTYOB UMITYIbCOB [4]. [Ipu 3TOM B OHaIoroBOM OKHE OoTOOpakaeTcs rpadMK W BRIPaKEHHE VIS IIOTHOCTH
pacmpezeneHuss BEpOATHOCTEH, a TakxkKe PEeABAPUTENILHO BEIYUCICHHOE 3HAYEHHE OIIMOKH.
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Puc. 2. BoccTaHoBNIeHIE CHITFHO 3alTyMJIEHHOTO H300paXCHUS

Baok yay4ymenusi u3o0paxenui

Colep KUT CIeAyIOINe AITOPUTMbI JINHEWHOH U HENMHEWHON 00paboTKH n3oopaxkeHui [S]:

— nuHeiHas GuibTpalys B MPOCTPaHCTBEHHOW 00JaCTH, KaK C MPOM3BOJILHON MAacKOii, Tak U C MPeILyCTaHOB-
neHHbIME Hactpoiikamu (OBY, ®HY, GpunbTp BelIeIeHUS TPaHUL] U T.11.);

— JIMHEHHas GUIBTPAIUS B YACTOTHOM 001acTH;

— romomopdHast 00paboTKa;

— METOJ 'MCTOIPaMM C BO3MOYKHOCTBIO 3aJIaHHs! IIPOU3BOJIBHON KOPPEKTUPYIOLIEH (DYHKIMHN;

— ramMMa-KOppeKLusl.

BJok BoccTaHOB/IeHHS] H300pasKeHMI

Bxumtouaer B ce0si MpPOKHA HAOOp aIrOPUTMOB PAHTOBOM CTATHCTHKH PA3IMYHBIX THIIOB C BO3MOXHOCTBIO
ruOKoil HacTpoiiku mapameTpoB. Tak, HanpuMmep, s BceX QUIBTPOB OJI0Ka 332 MCKIIOYECHUEM aJaNnTHBHBIX ajro-
PHUTMOB MOKHO 33/1aBaTh MACKH KaK CTaHJAPTHBIX THIIOB (MIPSMOYTOJBHUK, AUCK, KOJBIO, KPECT U T.J.), TAK U MPO-
WM3BOJIBHBIE MAacKH J000# (OpMBI ¢ MPOM3BONBEHEIMU KO3 (GUIIMEHTaMH TIPHU TIOMOIIM PeJakTopa Macok. Takke
CYILECTBYET BO3MOXKHOCTb HACTPOMKH CIIEM(HIECKHUX JUI KaKAOTO THIIAa IapaMeTpoB. B O1oke noanepxuBaroTcs
CJIE/IyOLIE BUIIbI MeMaHHbIX QuibTpoB [3,4]:

— CcTaHAapTHas MeJuaHHas GUIbTpanus (peKypcHBHas / HEPEKypCUBHAs);

— B3BEILLEHHAasi MeMaHHas QUIIbTpanys;

— MOpOroBasi B3BELICHHAs] MeMaHHasl PUIbTPaLHS;

— aJanTHBHAS MeUaHHas QUIbTpaALUs C N3MEHSIOMIMMCS pa3MEpPOM MAcKH B 3aBUCHMOCTH OT JIOKAJIbHOM cTa-
THCTHKH;

— aJanTHBHAs MeIWaHHas (QUIbTPalMs ¢ M3MEHSIOMMMUCS KOd(QQUIMEeHTaMl MacKu B 3aBUCHMOCTH OT JIO-
KaJIbHOM CTaTHUCTHKH,

— MenuaHHas QUIBTPAIUS ¢ IPOTPECCUBHON IKCIIEPTHOHN CHCTEMOM 0OHAPYKEHHSI UMITYIIHCOB;

— JHMHeWHble KOMOMHALNYA MEIHaH;

— MPOTPECCUBHBIN MEMAHHBINH QUILTP C HEHPOCETEBBIM JIETEKTOPOM.

Baok mopgosioruveckoii 00padoTku

Peann3oBaHbl OCHOBHBIE QJITOPUTMBI MaTeMaTHYecKold MOP(OIOriy Ui OMHAPHBIX U ITOJIYTOHOBHIX H300pa-
JKCHUH, TTO3BOJISIOIINE U3BJIEKATh MOJIE3HYI0 HH(OPMALMIO, TAKYIO KaK I'PaHULIbI, HEKOTOPbIE CTPYKTYpPHI U T.1. [le-
peuucnuM 3tH GUILTpBL: dpo3us (erode), pacumpenue (dilation), 3akpsiTue (close), OTKpbITHE (Open), rpaueHT
(gradient), marutacuan (laplacian), Mmopdonorumueckoe pasmbiTie (smooth) u Mopdosoruyeckas pe3KOCTh
(sharpness) [6]. Kak u B O110ke BoccTaHOBIICHUS M300payKeHU peaan3oBaHa THOKask HACTPOHKa IapaMeTpoB (IIIbT-
POB, B TOM YHCJIE U 3aJ]aHUE ITPOU3BOJIEHBIX MACOK.

Hcnoab3oBanue nakera B yueGHOM mpolecce

Ha ceropnsmmanii nens nporpamma kypcea “Liudposast 00paboTka n3o0pakeHni” paccYnTaHa Ha BBITOTHEHHE
CTYICHTaMH YeThIpeX J1a00paToOpHBIX paboT, KOTOpPEIE IPOBOIATCS B cpere makeTra PicLab:

— 00paboTKa m300pakeHni THHEWHBIMU (PIIIBTPAMU;

— (unbTpanysa METOIOM I'HCTOTPaMM U raMMa-KOPPEKIHs H300paskeHHid;

— BOCCTaHOBJICHHE M300paXXCHUH yCPEIHAIOMUME QUIbTpaMu;

— MOJABJICHHE aJIMTHBHOIO IIIyMa METOJJaMH PAHTOBOH CTaTHCTHKH.
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B cBsi3u ¢ OBICTPBIM pa3BUTHEM JaHHOW 00JacTH 0OpabOTKH CHUTHAIOB, HAM IMPEICTABISACTCS BaXKHBIM 3HAKO-
MHTh CTYIEHTOB C COBPEMEHHBIMH AITOPUTMaMH 00pabOTKu LU(pOBHIX M300paxkeHuil. B coorBeTcTBHM € 3THM
IUTAaHUPYETCs BKIIOYEHHE B KypC CIEAYIOIHX padoT:

— ylajeHue MyJIbTHIUIMKAaTUBHOTO LIyMa;

— aHaJU3 aJrOPUTMOB CXKATHUS N300paKEeHHH;

— HeNWHeWHas NOJIMHOMUHANbHAs (QUIIbTpaLus;

— 0COOEHHOCTH 00PAa0OTKH LIBETHBIX N300paKEHUH.

B Hacrosimiee Bpemst B 1aboparopuu “Linposble eny 1 CUrHajIbl” HaJl HAKETOM BeJIeTCsl aKTHBHaAs padoTa, 1o
pacuIMpeHuIo ero QyHKINOHAIBHBIX BO3MOKHOCTEH, MHCTPYMEHTAIBHBIX CPE/ICTB, HaOOpa aJropuTMOB 00paboTKu
1 TECTOBBIX M300pa’KeHNH, a TaKKe 110 COCTABIICHUIO IOKYMEHTALHH.
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In view of the expansion of digital image processing applications (telecommunications, digital video, radio-
astronomy, medicine images, etc.), the actual problem is to design software packages for solving scientific and prac-
tical tasks and also for training specialists in this sphere. At the same time growing complexity of the modern algo-
rithms requires new, more illustrative methods for their visualizations.

To perform scientific and practical tasks and also for educational purposes the digital image processing soft-
ware package (“Picture Laboratory” (PICLAB)) was designed. It is used for conducting lab exercises within the
course of Digital Image Processing at the physics faculty of the Yaroslavl State University. The important feature of
the PicLab is the possibility to analysis image from different points of view, both from objective estimates (like sig-
nal/noise ratio, mean square error etc.), and also from visual criteria (there is the function for printing image proc-
essing results with automatically forming, according the several templates). An overview of some base blocks of the
PicLab is given below.

Geometrical Transformations Block

This block is used to perform horizontal and vertical flipping, rotating an image in 90-degree increments left or
right or in the amount of degrees. It also provides resizing an image to any dimensions. Resizing and rotating can be
used with a several interpolation functions: linear, bicubic, triangular.

Additive Noise Adding Block

This block performs adding additive noise with several standard density functions to an image. It also provides
two models of impulse noises: with fixed and random impulse value.

Image Enhancement Block

Block contains linear and non-linear image processing algorithms: space-domain 2D linear filters with arbitrary
mask or with predefined settings, frequency-domain 2D linear filters, homomorphic processing, histogram method
with possibility to assign arbitrary correction function and gamma-correction.

Image Restoration Block

Block includes several algorithms based on order statistics:

- standard median filter (recursive / non-recursive);

- weighted median filter with integer and real weight coefficients;

- threshold weighted median filter;

- adaptive median filter;

- progressive switching median filter;

- linear combinations of weighted medians.

382 Hoknagb! 8-i MexayHapoaHoi KoHdepeHUUn
Proceedings of the 8-th International Conference



O6paboTka 1 nepepaya M3o6pakeHUmn

Morphology Processing Block

The basic algorithms of mathematical morphology for binary and gray-scaled image processing are realized in
this block: erosion, dilation, closing, opening, morphology gradient, morphology laplacian, morphology smoothness
and morphology sharpness. They permit to extract some useful information like outlines, boundaries, etc. The mask
and other specific parameters as in order-statistics filters can be arbitrary assigned.
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