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[NPUHLIMIIOBI KOHLEILII TA CTPYKTYPYBAHHS PI3HUX PIBHIB OCBITHU 3
OIITUKO-EJIEKTPOHHUX IHOOPMALIIMHO-EHEPT ETUYHNX TEXHOJIOI'TH
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TIPOTHO3YBAHHS IIH GKITIH . . 1. v e vttt etseetettnseseeteeteneensense s seene e e eaeenansenseaseaneeneenansennenes
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300P@KECHD: BIJl 300PY IO QHAITITHKH +..vvsanseneensensenenseseaneaneansansansensaneaneansansesesernemnennn
P.H. Kpetnuii, C.I. Bopoakin Ilokpaiena mozens peryispusanii ELASTIC NET mist 00poOku
(DIHAHCOBHX YACOBHX PSIJIIB. ..t eusensenreneensansansaeaienanseseateaneeesensansansereaneaneensansansaneaneenen
M.I. KpuBomes JlociimkeHHs: (peHOMEHY MOJABIHHOrO CIyCKy Ta TMOPIBHSHHS MiHIMaKCHOI
AMPOKCUMAIT 3 L2-PeryIIAPHBAIIIERO. ...\ttt ettt et ettt et et et et et et eeeteeteeteeneenseeaneareains
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THTEITEKTYAITBHIX CHCTEMAX . -+« ettt eteettenteateneente e eae e e e e et et e et e eae e et e et e e teeaeeneeneeaenaenaens
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C.B. Xpymak, O.M. Tkauenko, I.C. Konecunk [ligsumienns epexruBrocti RAG st
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POBBUTKY HACEIIEHHS. .. vveeutetetetentt et et ettt et et et e e et et e e et et e et e e e et e e e e et e e e e e eeeaaes
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A1 ¥Yrpun, }0.0. Ymenko, KII. I'asmiok, A.SI. JoBryns, AJI. Yrpun, [A.B. Ko3ak
Merogpomnoriss po3poOKM Ta BOPOBAPKEHHS IHTENEKTyanbHOI iH(popMamiiHOi cucTeMu
MPOTHO3YBAHHSI TPOIAXKIB IS €EKTUBHOTO YIPABIIHHS . .« . eueeueneenteneeneaeeneaeaneenaneneananenns
10.€. Iloynanen, A.B. Koxkem’siko Knacudikariss 300paskeHb i3 3aCTOCYBaHHSIM ONTHKO-
nu(pPOBUX METOJIB TMOKpAIIeHHS SKOCTi 300pa)X€Hb Ta TIMOOKOTO HAaBUaHHS IPHU TPOBEICHI
EHIOCKOIIUHUX JIOCITILIITKEHD ... v unee et e e e e e e e e e e e e e e e e e e e e e e e et e
Y:kao Llaiidpen, B.M. Jly6oBoii JlocmimkeHHS MeTOXy MpPOrHO3yBaHHS TIMOWHU iHBa3ii
31202 0110
B.O. Komuus, P.H. Ksernmii AHami3 mIXomiB 0 BIOCKOHAJEHHS IHTENEKTyaThbHUX
TEXHOJIOTH YIPABIIHHS HAPKYBAHHIM. ... et euententttent ettt eteneene e ene et et et eneateeetetene e
O.H. Pomanwk, B.C. IlaBiaoB, H.B. TiroBa, C.O. Pomanmok, B.II. Maiinanwok
BukopuctanHs HEHPOrapHITYp AJS TIATHOCTHKH 3aXBOPIOBAHD . ..« . eutttneeteteneenenaeneanenenenenn.
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BIOMEJYHI OIITUKO-EJIEKTPOHHI CUCTEMU TA INIPUJIAAN

A.B. llepbatiok, C.€. Tyxancekmii Meron cermenranii 300paxkens OKT 3 nmomomororo
BTOPTKOBOT HEIPOMEPEIKI. .+ttt tutettt et eetantentententett et et ensen s et e eneete et esensenneaneaneeneeransennes
B.B. llonora AHamiz METOAIB MiATPUMKH TPUHHSTTS pilleHb B CHCTEMax MOISAPHU3AIiIHHOI
THTPOCKOITIT OI0JOTTUHUX TKAHHH TQ PIIIHH. ...\ vtusensstntansensenseneensaneanansenseaneaneanseansennenns
C.M. INIamkoBcbkuii, 10.0. Inauneus, C.B. IlaBgaos, SL.1. SApocaaBcbkuii, O.C.BonocoBuyu
IntenekryanbHi  cucremMu  0OpoOKM  exokapjiorpagiuHux  300pa)keHb IS OIIHKH
(DYHKITIOHATTBHOTO CTAHY COPIIS. ¢+ vt evtentensenseteeeeenansanseneeneeneensensaneaseaneaneaneensenensennenonn
H.I. 3a6osorna IHTenekTyanbHMH  METOA  MIATPUMKH  NPUHHATTA  pIillIeHHS B
OaratomapaMeTpuuHiii cUCTeMi a3uMyTalbHO iHBapiaHTHOI MroJuiep-noaspuMerpii  mpu
OIIHIOBAHHI TIATOIIOTIH . ¢ e ettt et et ettt e e ettt et et et
0.C. Kopninenko, O.B.Kapacy 3acrocyBaHHS IITYYHOTO IHTEIEKTY JUIsi aBTOMATH30BaHOI
IHTepIpeTalii ONTHYHNUX 300pa’KeHb CITKIBKH MPH J1a0eTUIHINH PETHHOMATIT. ....vvveenieenenenneee.
T.B. Kemuyxkkina [lopiBHAIbHHI aHaNi3 TOYHOCTI Kiacudikamii enekrpomiorpadiqHux
CUTHAJIIB 32 03HaKaMH rpadika pi3HUIL JPYroro MmopsaKy Juis AudepeHIitoBaHHs THITIB OO0 B
0] 0118 P
A.JO. Mapuyk AHaii3 METONiB Ta CHCTEM pPO3Mi3HABaHHS MATOJNOTH ByXa Ha OTOCKOIMIYHHX
T0 0] 0 (S 13 o

OIITUYHI TA OIITUKO-EJIEKTPOHHI CEHCOPU I IIEPETBOPIOBAUYI B CUCTEMAX
KEPYBAHHA TA EKOJIOTTYHOI'O MOHITOPUHIY

O.B. Ocaguyk, 5.0. Ocaguyk, B.I. Ilerpenxo, B.K. Cxkxomyk, K.B. IIukyH
ExcniepuMeHTanbHe JOCTIHKEHHS TeHepaTopa JAeTEpPMIHOBAHOTO Xaoca Ha OCHOBI TPaH3MCTOPHOL
(01 0 1743
0O.B. Ocaguyk, 51.0.Ocamuyk, B.I. Ilerpenko, B.K. Ckomyk Po3pobka reHepaTopa
JIETEPMIHOBAHOT'O Xa0Cy Ha OCHOBI TPAH3UCTOPHOI CTPYKTYPH 3 BiJl' EMHUM OITOPOM........cuveennne

AJIbTEPHATUBHI HAYKOBI IJIEI TA T'ITIOTE3U

P.B. Caoboasan, 1.B. borau IlpoGmemu mporiecy MiATPUMKH KITI€HTIB Ta iX KOMIUIEKCHE
1217101111 (51 505 0 SR
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VJIK 004.932:004.42
M.O. HAPEHKO, A.P. IAPTEKA, M.B. JIABPOB, i1.i1. BITIMHCHKUI

PO3POBKA TA 3ACTOCYBAHHSI KOMIT'IOTEPHOI ITIPOTPAMU
JUUISI OLIHKHU SIKOCTI OBPOBKH 30BPAKEHB HA OCHOBI
JTOCJUIKEHHS 3rOPTOK

Binnuyskuil nayionanvhuil mexniunui ynieepcumem, Xmeavnuyovke woce 95, 21021, Binnuus,

Ykpaina

AnoTanis. [{udposi GineTpy Ha OCHOBI 3rOpTKM 3aiiMaTh KIIOYOBE MicIie B KOMIT FOTEPHOTO
mporpamax 00poOKH 300pakeHb UL PO3MUTTS MiABUIICHHS Pi3KOCTi, BUAUICHHS IPAHHIIb TOIIO.
3 MeTOI0 BHBYCHHS BIIACTHBOCTEH TakuX (iIbTpiB, HAOYTTS 3HAHb, yMiHb, HABHYOK Ta JIOCBITYy
pobOTH  CTyIeHTaMH pO3poOJICHO KOMI'IOTEPHY Mporpamy, sKa Jia€ 3MOTY HAaOYHO,
BHUKOPHCTOBYIOUHU sifipa OyI- SIKMX PO3MIpiB OTPUMATH Pi3HiI 3ropTKOBI (iIbTpH (I1iABUILEHHS
PI3KOCTi, PO3MHTTS, BUSBJICHHS KpaiB, TUCHEHHS) Uil 0OpOOKU 300paKeHb, a TAKOK OLIHUTU
SIKICTB X POOOTH 3a JOMOMOrO0 KPHTEpIiB IIKOBOrO CIIBBIZHOIICHHS CHIHATY IO LIyMy
(PSNR) Mmix opuriHanbHuM i 00poGieHuM 300paxkeHHsM. [Iporpama peanizoBaHa Ha 00'€KTHO-
Opi€eHTOBaHii MOBI TporpaMmyBaHHsi Java 3 BuKopucTaHHAM Oi0Omiotek AWT ta Swing, ski
HpHU3HaueHi 11 00poOku (ineTpiB Oyab-skoro posmipy y dopmarax JPG, JPEG, PNG, BMP
ab6o GIF. OnucaHo mpuHIMIN POOOTH sapa 3rOPTKH, METOAM OOpOOKHM MIyMiB, peanizariis
mporpamM Ta IHCTPYKLIl 3 HajalmTyBaHHA BeHTWIiB. JlomaHo (YHKIOHAN A8 BBEICHHS
KOPHCTYBAIBKOT'O sApa 3rOPTKH, 00pOOKH 300pa)keHb 3 BUKOPUCTAHHAM rayCiBCEKOTO LIyMy (G
= 25.0) Ta mymy THIY «cinb-niepend» (HelTpambHiCTh 5%), 3 MOJANBIIOI MOIIHBICTIO
OHOBJICHHS 300pa)KCHHsI NIIIXOM CKHIaHH 1ryMy. IIporpama nae 3Mory BUKOPHUCTOBYBATH spa
3rOpTKM 3 OyZb-SKMMH BaroBUMH KoegimicHTamu. BpaxoByrounm IIHpOKe 3aCTOCYBaHHS
3rOpPTKOBUX (INBTPIB y KOMI'TOTEpHOMY 30pi Ta IHM(POBiH 00pOOIl CHUTHAIB, Ba)KIHUBOIO
3a[a4el0 € JEMOHCTpallis Ta KiJbKiCHAa OLiHKa TXHBOI e(eKTUBHOCTI. [IJi BHUpIMICHHS LBOTO
3aBaHHs MM PO3pOoOMIN KOMI'IOTEpPHY Iporpamy, ska IMOpPIBHIOE Pi3HI 3rOPTKOBi (inbTpH
(TiIBHILIEHHS Pi3KOCTi, PO3MUTTSI, BUSBJICHHS KPaiB, THCHEHHS Ta BIacHUM (inbTp) 11 00poOKu
300paxkeHb. SIKICTh OOpOOKM OLIHIOETHCS 3a JIOIOMOTOK IIKOBOT'O  CITIBBiIHOILEHHS
curnai/urym (PSNR) mixk opuriHaibHUM Ta 00pOOICHUM 300paXKeHHSIM.

KiouoBi cioBa: o0poOka 300paxkeHb, 3ropTKa, SIpO 3TOPTKH, MPOCTOpoBa (inbTparis,
KOMIT'IOTEepHUIT 3ip, 1udpoBa 00poOka cUrHamiB, MIKOBE CIIBBIIHOIICHHS CHUTHAJTIB /IO LIyMY,
PSNR, cepenubokBanpatiuyna nommika, MSE, mMeTpuku OLiHKH sIKOCTI 300paxeHb, (iIBTp
PO3MUTTS, GUIBTP 3arocTpeHHs, GIIbTP TUCHEHHS, BUSBICHHS KOHTYPIB, I'ayCIBCBKHW LIyM,
IMITyIbCHUI Ty M, IIyM «Citb-Tieperpy, Java, Swing, AWT.

Abstract. Cluster-based digital filters occupy a key place in computer image processing
programs for adjusting the shift in sharpness, the visible border, and so on. Using the method of
learning the power of such filters, you know, the beginners and the students have developed a
computer program that makes it possible to scientifically, vikorista kernels of different sizes to
isolate the differences in the Gortkov filters (sharpness shift, pitch, edge detection, embossing) to
process the image, as well as evaluate the brightness of their work using additional criteria of
peak signal to noise ratio (PSNR) compared to the original and edited images.

The program is implemented in object-oriented Java programming with the AWT and Swing
libraries, which are designed for processing filters of any size in JPG, JPEG, PNG, BMP or GIF
formats. The principles of operation of the convolution kernel, methods of processing noise,
implementation of programs and instructions for setting the valves are described. Added
functionality for entering a custom convolution kernel, processing images using Gaussian noise
(o = 25.0) and “salt-pepper” type noise (5% neutrality), with the further possibility of updating
the image by resetting the noise. The program allows you to use convolution kernels with any
weight coefficients. The program uses the PSNR criterion to evaluate the luminosity of image
processing.Given the widespread use of convolutional filters in computer vision and digital
signal processing, it is an important task to demonstrate and quantify their effectiveness.

To solve this problem, we developed a computer program that compares different convolutional
filters (sharpening, blurring, edge detection, embossing, and an eigenfilter) for image processing.
The quality of processing is evaluated using the peak signal-to-noise ratio (PSNR) between the
original and processed image.

© M.O. LUAPEHKO, A.P. MAPTEKA, M.B. JIABPOB, .1. BINUHCbKWUI, 2025
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BCTYII

OmHUM i3 OCHOBHUX METOZIB O0OpOOKHM 300pakeHb € 3ropTKa, sSKa BUKOPHCTOBYETHCS JJIsi BUKOHAHHS
orepariiif, TAKUX K PO3MHTTS, 3arOCTPEHHs, BUSABICHHS KpaiB, THCHEHHS Ta CTBOPEHHS BiIAacHUX e(ekTis [1].
Bona 06a3yeThcs Ha 3aCTOCYBaHHI sIpa 3TOPTKH A0 MIKCETiB 300pakeHHs, IO I03BOJIIE MOAM(DIKYBaTH iX
3HAa4YeHHS 3aJeKHO BiJ CycimHiX mmikcemiB. 7 OIIHKM SKOCTI OOpOOIIOBAaHOTO 300pa)XCHHS, SIK TPaBHIIO,
BUKOPUCTOBYETHCS OIIHKH BTPAT IPH BiTHOBJICHHI 300pakKeHb TaK 3BaHE IMKOBE BiIHONICHHS CHTHAJ/IIyM abo
no-aurmidicekd PSNR, sikuii mopiBHIOE MiX c0000 opHriHajbHe Ta 00pobieHe 306paxenusM [7]. Ilpu upomy
MOXYTh OyTH BUKOpHCTaHe Oyab-ske 300paxenus y ¢popmartax JPG, JPEG, PNG, BMP a6o GIF [9-12]. dns
NPOBEICHHS MOZEIIOBAHHS 3 METOIO BHABJICHHS OUIbII e(heKTHBHOTO (PiNbTpa, SIK MPaBHIO, BUKOPHCTOBYETHCS
¢GyHKUIT f0oaBaHHS PI3HUX THIB IIyMy (TayCiBCbKUH, «CUIb-TIepelb», TOIIO), II0 JI03BOJISIE OLHUTH B
NOAAIBUIONY CTIHKICTh (IJIBTPIB O CHOTBOPEHb, @ TAKOX MOJKIMBICTh BBEIEHHS KOPHUCTYBALbKOTO siapa
3TOPTKH JUI CTBOPEHHS BIacHuX edekTis [6].

TEOPETUYHI OCHOBH

3ropTka — ILie MaTeMaTu4Ha oreparlis, sKa MaTeMaTHYHa omepaiis ABOX (YHKIIH, 110 03BOJISIE OTPUMATH
TpPeTo (BYHKLIIO i 3aCTOCOBYETHCS 10 300paXKeHHS 32 IOMOMOTO0 sipa (Marpuii) [1], mio BusHavae, sk mikcemni
300pa)KeHHs] KOMOIHYIOTBCSI JUIsl CTBOPEHHS HOBOIO 3HAYEHHS IIKCeNs. SInpo 3ropTkH, sK NpaBHio, €
KBa/IPaTHOIO MaTPUIIEI0 PO3MIPOM Nxn, Jie KOXKEH eJIEMEHT si/jpa BIUIMBA€E Ha PE3yJIbTYIOUUH MIKCEb.
MaremaTHyHO 3ropTKa I MiKcens (X, y) OIUCYeThes HopMyIIoro:

a b
gx,y =- fX,y = z Z a)i,J fX—i,y—j y
i=—a j=—b
ne g,y — BiZIhiTbTpOBaHE 300paKeHHS, fx y — BHXiZHE 300pakeHHs, () — (QUIBTP, a KOKEH €JIEMEHT
dinsTpa posrmsmaeteea mpn —a <1 <a ta —b < j<b.

VY 3aCcTOCYHKY BUKOPHCTAHO TaKi THIIH SAEP:

0 -1 0
e Snpo s mimBumeHHs piskocti. Matpuna | —1 5 —1 | mizcnmoe koHTpacT Mixk cycimHiMu
0 -1 0
MKCEeIsIMU.
111
e Snpo s po3sMHUTTS. Matpuis i 1 1 1| 3meHmye pisHHITIO MiX CyCiTHIME TiKCETIMH
o 111
-1 -1 -1
e Snpo s BusiBnenus kpais. Marpuns | =1 8  —1 | Buuinse konTypu 06’ ekTiB.
-1 -1 -1
-2 -1 0
e Snapo mns Tuchenns. Marpuns | —1 1 1 | crBoproe epext pensednocri [3].
0o 1 2

e BiacHe sapo: M03BOJISIE KOPUCTYBady BWU3HAYMTH BJIACHY MaTpHuio po3Mipamu 3x3 Ta 5x5. Ilpm
HEOoOX1/THOCTI, 3aJIEXKHO BiJl IOCTaBJICHOT 3a1a4l, pO3MipH Spa MOKHAXOLIBIINTH.
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[TixoBe cniBBinHOMmEHHs curHaiy 10 mymy (PSNR) € crannapTHOI0 METPUKOIO JUIsl OLIHKHU SIKOCTI 00pOOKH
300pakeHb, siIKa BUMIPIOE CTYIIHb CIIOTBOPEHHS MiK OpHTriHANIBHUM i 00pobneHuM 300paxenHsM [7]. PSNR
BUpaxaeTscsl B Jenubenax (nb) i 0aszyerbcs Ha cepeanHbokBaiparnuHiii nomwmig (MSE), ska KilbKicHO
BU3HAYAE PI3HUITIO MK MIKCETbHUMH 3HAYEHHIMHE JBOX 300paxkens. ®opmymna maast PSNR [5]:

PSNR =10- |oglO(MAX' ),

e MAX — MakcuMaibHe 3HAa4eHHS IKCeIs (3a3BI/Ian/I 255 s 8-OitHuX 300paxkenn), a MSE
00YNCITIOETCS SIK:

1 m-in1 . \12
MSE =— % X [1(i, j)—K(i, j)]
mn i=o j=0

Ie m i n — po3mipu 300paxkeHHS (BUCOTa Ta ImmpuHA), I(i, j) — 3HAYSHHS TIKCENIS OPUTIHAILHOTO
300paxenns, K(i, j) — 3HadeHHS mikcemss oOpoOieHoro 300pakeHHS, a cyMa OepeThes MO BCIX IMIKCEIsX.
Bucoxe 3nagenns PSNR (manpukman, Bume 30 1b) Bka3ye Ha HU3BKHH PiBEHb CIIOTBOPEHB 1 BUCOKY CXOXICTB
MK 300pakeHHSMH, TOZAI SIK HHU3bKe 3HaueHHS (HWxk4e 20 ab) cBiMYUTH NMpO 3HAYHI 3MiHH, IO YacTo
criocrepiraerbest pu arpecuBHUX (inbrpax. PSNR € uyrnuBum 10 Oynb-SKHX 3MiH Yy MIKCEIbHUX 3HAYCHHSIX,
10 POOUTH HOTO ePEeKTUBHUM sl TIOPiBHSHHS (UIBTPIB 3TOPTKH, ajle BiH HE 3aBXK/IN KOPEIIOE 3 Cy0’ EKTUBHOIO
SIKICTIO 300paKEHHS, OCKIIBKH JIFOChKE CIPUIHATTS MOXE IrHOPYBATH MEBHI THITH CIIOTBOPEHb [2].

PEAJIIBALIA ITYMY

Juis omiHKM cTifikocTi (iABTPIB IO CHOTBOPEHb Yy MPOTPaMi peaii3oBaHO JOAABAaHHS JBOX THUIIB IIyMY:
TayCiBCBKOTO Ta «CiIIb-TIEPELbY.

TayciBChKHMIT IITyM: AOAA€THCS A0 KOKHOTO MIKCeNs 300pakeHHs MUISTXOM JOAaBaHHS BHUIAAKOBOI BEITHIMHN
3 HOpMalbHUM posnominoM [6]. Jus mikcens 3 koopauHaramu (X, y) i 3HadeHHsMm I(X, y, b) y kanam b
(4epBOHMIA, 3€JICHUI, CHHII) HOBE 3HAUCHHS O0YHCIIOETHCS SK:

Inoise(X,Y,0) = max(0,min(255,1(x,y,b)+G)),

ne G ~ N(0, 6%)— BunajkoBa BeJIMYMHA 3 HOPMAJTLHUM PO3IOJLIIOM i3 cepeiHiM 0 i CTaHIapTHUM BilXHJIEHHAM
6 = 25,0. 3HaueHHs miKces 00MexXyeThes AiarnazoHoM [0, 255], mo0 yHUKHYTH ITepernoBHEHHS.
Iym «cimp-iepensy: i3 WMOBIpHICTIO 5% mikcens 3amiHioeThCs Ha 0 (WopHUH, «tmepensy) abo 255 (Oinuid,
«cimy) [1]. dust koxHOTO THiKCeNs (X, ¥) i KaHamy b (kpim anbda-kaHaiy, K0 BiH €) 3 fiMmoBipHicTio p = 0,05:
sxmo 1 < 0,025 («cinby)

skmro 0,025 <r < 0,05 («mmepenpy»)

IHaKIIIEe

255,
Inoise (X’ y’b) = O!
I(x,y,b)

Jie T — BHITQJIKOBE YHCIIO 3 piBHOMIpHOTO po3noxiny Ha [0, 1).
BinnoBneHHS 300paskeHHS MiCIs JOJaBaHHS ITyMy 31iHCHIOETHCS IIISIXOM MTOBEPHEHHS 10 30epekeHoi Komil
OpHUTIHAILHOTO 300pakeHHs (MeTox resetNoise).

PEAJIIBAIIIA ITPOI'PAMHOI'O 3ACTOCYHKY

3acToCcyHOK pealli3oBaHo Ha Java 3 BUKOpUCTaHHAM 0i0mioTek AWT mis 06poOku 300pakeHs i Swing s
cTBopeHHs1 rpadiunoro inrepdericy. Ochouuii kiac ImageConvolutionApp 3abe3neuye 3aBaHTaXKCHHS
300paxens y popmarax JPG, JPEG, PNG, BMP, GIF — kopuctyBau Moxe o0patu Oy/ib-sike 300pakeHHs, 11
NPUKJIATYy BUKOpPHCTaHO 300paxxeHHs po3mipoM 330x330 mikceniB. OcoONMBICTIO NPOrpaMH € MOXIIMBICTbH
BUKOPHUCTaHHs OyI-iKHX BaroBuUx KoedilieHTIB it GopMyBaHHS siapa 3TOPTKH B PYYHOMY PEXHMi, TOOTO
HIIIXOM BBEICHHS iX y MaTpHIIO iHTepdeiica.
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VY 3acTocyHKy peasli3oBaHO 3aCTOCYBaHHS TakMX (IIbTPIB SIK IIJBHIIECHHS Pi3KOCTi, PO3MHUTTS, BUSBICHHS
KpaiB, THUCHEHHS, a TaKOXX MOJMIIMBICTb CTBOpeHHs BiacHoro ¢inprpa. JlomarkoBo mnepexdayena oOpoOka
300pakeHb 13 OJAaBaHHSAM IIYMY: rayciBchkoro (¢ = 25.0) Ta myMmy THITy «clib-Tiepenb» i3 iMoBipHicTIO 5%.
MoskHa BiTHOBHTH 300pa)X€HHS 10 OPUTIHAJIBEHOTO CTaHy HIIAXOM CKHAAHHS LIyMY.

3acToCcyHOK 03BOJIsiE oOUMCIIOBaTH MoKa3HUK PSNR Mix opuriHanbHHM i 00poOiIeHHM 300pakeHHSIM, a
TaKOXX BimoOpakae IMOTOYHE SAPO 3ropTku y TekctoBomy ¢opmari HTML. Ilependaueno macmraOyBaHHS
300pakeHp (30UTBIICHAS Ta 3MEHIIICHHS ).

TaTepdeiic micTuTh TaHedl IS BiMOOpaXCHHS OPHTIHATBHOTO Ta OOpOOICHOTO 300pakeHb, EIEMEHTH
BHOOPY (iTBPTPiB, KHONKH AJIS MacmITadyBaHH:, JOJABaHHS Ta CKUIAHHS myMy. KoprcTyBad MOXe CTBOPIOBATH
BJIaCHE SIpO 3rOPTKH 4epe3 CIelialibHe /ialoroBe BIKHO, e 3afaeTbesi po3Mip (Bix 1 mo S5, nuuie Henapi
3HAYCHHS) 1 3HAYCHHS CJIEMCHTIB MATPHIII.

IHCTPYKIIA KOPUCTYBAHHA 3ACTOCYHKOM

B poGoti po3poOieHo KOMII'IOTHPHHH 3aCTOCYHOK MJISi BUBYEHHS BIIACTHBOCTEH (IIBTPIB IIMPOKOTO
3aCTOCYBaHHSA HO OCHOBI 3ropTku. IIporpama peanizoBana Ha MoBi Java 3 BukopuctaHasaM 0ibmiotek AWT Ta
Swing, sixi 3acTocoBaHi 1 GiAETPiB 00poOKH X00paxeHb Oynb-sKoro po3mipy y ¢popmarax JPG, JPEG, PNG,
BMP a6o GIF).

Ha puc. 1 noka3aHo 30BHIIIHIN BU BikHa iHTepdelica 3aCTOCYHKa, SIKUM MICTUTh Ha0ip MOXKIMBHX (QyHKIIH,
MOTOYHY MaTpPHIIO, & TAKOXK BiKHA JUIsl BBEJICHOTO 00pOOIIIOBaHOTO 300payKeHHS.

st poboTH 3 3aCTOCYHKOM HEOOXiJHO BUKOHATH TaKi KPOKH;

1.  3aBaHTaXuTH 300pakKEHHS, BAKOPUCTOBYIOUN KHOTIKY «3aBaHTaXXUTH 300pakeHHs» Ta BUOpaTH (aiin y
tdopmarti JPG, JPEG, PNG, BMP ato GIF uepe3 nianorose BiKHO.

s Jroprea sobpaxers = o X

] o [ [ o e | s o e | s e o oms | conr e [

Oorouna Marpuua Agpa:
1,11 0,11
0,11 0,11

11 0;1%

Opurivansse JoBpamenn OBpobinewes IoSpamenma

s |

PucyHoxk 1 — Po3ramryBanHsi KHONKHM "3aBaHTa)keHHs 300pakeHHs"

2. VY cnagHomy MmeHoo (puc. 2) BuOpatu oaumH i3 ¢inbTpiB («Pi3kicTh», «Po3MuTTS», «BusiBieHHs
Kontypisy», « Tucuenus» abo «BracHay).
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i drepnea robpamens - o x
JROENE :cc | v | o | s oot e | e s | o SRS
R
Brmanames Kowrype
Tuemesin Norouns Hazpuun Aapa:
Bracia 8,11 0,11 0,11
0,11 0,11 0,11
0,11 0,11 0,11
Cpmniuarmse Sofparswsen Ufpotinens Jofaixennn.

Jasantawimi JofpaweHin
PucyHoxk 2 — PosranryBanss GuibTpiB
3. Skmo oOpano omiis «BrnacHa» (HamamTyBaHHS BIACHOTO (UIBTpa, y MIaTOrOBOMY BikHI (puc. 3)

HEOOXiTHO BKa3aTH po3Mip sapa (1-5, HemapHe) 1 BBECTH 3HAYCHHS €JICMEHTIB MaTpuIll. HaTHCKaHHAM KHOTIOK
«3acTocyBaTi» JJisl BAKOPUCTaHHS a00 « CKHHYTW» JUI IOBEPHEHHS 10 CTAHIAPTHOTO s/pa.

s s o
Dlnwrp: Bnacua | mm Hogamw Maycimcsmi Wyw B Dogar Wym Cine-Nepeus § Comyma Wy B0 F T FH

Prasien.

PoaumTm |

Norowna MaTpmum fAgpa:
t] 0,11 /0,11 0,11

0,11 /0,11 0,11
0,1100,11 0,11

s Pesaniop Basciol Matping E

Fosuip Marpaul (-8, 3 aaw 303

Pucynok 3 — BikHO BBejeHHS BIIaCHOT MaTpHIIi
4.  BukopuctoByroun kHONKY «Jlomatu I'ayciBepkmii Lllym» abo «domatu lym Cims-Ilepeus» (puc. 4)

JUTSL IOJIaBaHHS BIJIOBIHOTO THITYy IIYMY JI0 300pa)KEHHS MOXHA JIOJATH BIAMOBIAHUN IIIyM Ha 300paKeHHI.
Hatuchith «Cxunytu [Iym» - 17151 MTOBEpHEHHS 0 OPUTiHAIBLHOTO 300payKCHHS.
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o 3ropies sofipawesn - =] *

OoTouna Mazpsus Agpa:

0,11 /0,11 0,11
0,11

0,11 0,11

Oparinanie Jospazein OfipoSinens Jobpammnin

PI/IcyHOK 4 - PO3TaHIyBaHH$[ KHOIIOK JOAaBaHHA Ta CKUAAHHS IIYMY

5. ns pocmikeHHs SIKOCTI 0OpOOIIOBaHOTO 300paXKeHHS] BUKOPHUCTOBYIOTH Kputepiit PSNR, sikuit nae
3MOT'Y BCTaHOBHUTH €(DeKTHBHICTh BUKOPHUCTAHOTO (PiIbTPa Mi>K OPHUTiHAIHEHUM i 00p0OICHNM 300paKSHHSIM.

AHAJII3 PE3YJIBTATIB

B poborti HaBenenuiit npukiag oopoOieHHs 300paxeHHss po3Mipom 330%330 mikcenmiB 3 BHKOPUCTAHHSIM
pi3HUX (inbTPiB, OLIHEHO SKiCTH 00poOKH 3a oromoroto PSNR. PesynbsraTn HaBeneno B Tabmumi 1.

Taoannsa 1
PesyabTaTn nopiBusinaA ¢inbTpis 3ropTku 3a PSNR
DinbTp PSNR (nb)
Po3murrsa 28,59
ITigBHIICHHS Pi3KOCTI 17,29
TucHeHHs 13,91
BusiBnenns kpais 5,85

QineTp pO3MHUTTSA MMOKa3aB HaWkpammii pesymbrar 3a PSNR (28,59 nb), mo Bka3ye Ha HaiimeHIi
CIIOTBOPEHHSA Ta BHCOKY SIKICTh 30epexeHHs Aetanei 300pakeHHs. DUIBTp 3aTrOCTpEeHHs Ma€e Cepe/iHiil TTOKa3HUK
PSNR (17,29 nb), mo BimoOpakae TMOMIpHI 3MiHM B MKCEJbHUX 3HAYeHHAX. @DUIBTP THCHEHHS
npoaeMoHcTpyBaB Hm3bKHH pesynsraT (PSNR 13,91 nB), mo cBiguuTh mpo 3HAYHI CIIOTBOPEHHS depe3
penmepruil edext. DuUIBTp BHUSBICHHS KpaiB BUsSBUBCA HaiiMmeHIm edexktuBHUM i3 PSNR 5,85 nb, mo
MOSICHIOETBCST arPECUBHOKO 3MIHOIO MIKCEIbHUX 3HAUCHD JUIS BUIUICHHS KOHTYPIB.

JonaBanns mymy (rayciBcbkoro ado «ciib-niepens») 3umkye PSNR, ane dyHKIisS cKHIaHHS IIyMy T03BOJISIE
MOBEPHYTH 300pa)KCHHS JI0 OPUTiHAJIBHOIO CTaHy, L0 HiATBEPKYE €(EKTHBHICTh MEXaHi3MY BiIHOBIICHHS.
Brnache siipo 3ropTKU Ja€ 3MOT'y KOPUCTyBauaM SKCIIEPUMEHTYBATH 3 HOBUMU edekTamu, Xxoua 3HaueHHs: PSNR
3aJIeXKHTH BiJl 0OpaHUX MapaMeTpiB MaTPHIL.
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BUCHOBKHU

VY poboTi po3pobiaeHO MporpaMHHMN 3aCTOCYHOK JJisi 0OpoOKHM 300pakeHb 13 BUKOPUCTAHHAM (iTbTPiB
3TOPTKH Ta OLIHKH SKOCTI 00poOKku 3a monomoroto metpuku PSNR. ITokazano inTepdec 3acTocyHKa Ta OMHMCaHi
fioro MoxumBoCTil0O Ha mpukmazi mpoBemaeHO MOPIBHAHHA pi3HuUX (imbTpiB oTpumani mokasHukud PSNR.
BcranoBneHo, mo Taki GinkTpu Ak GUIBTPH IS BUABICHHS KpaiB Ta THCHEHHS 3HAYHO 3MIHIOIOTh 300paskeHHS,
mo BimoOpakeHO y HM3bKMX 3HaueHHsX PSNR. PeamizoBaHa miaTpuMka IIymiB i KOPHUCTYBAIBKHUX sIIEp
JIO3BOJISIE THYYKO aHalli3yBaTH e(eKTHBHICTb ¢inbTpamii B pi3HMX yMoBax. OTpuMaHi pe3ynbTaTh
HiATBEPKYIOTh, 0 MeTpuka PSNR € mpuaaTHoro Ui KUTBKICHOTO MOPIBHSHHS (iNBTPIB, OAHAK OCTATOUYHUH
BUOIp (inbTpa Mae 3ajexaTH BiJl KOHKPETHOI 3a/1a4i Ta 6axkaHoro edexry.
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