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AHHOTauuMsa. B gaHHON paboTe UCCIEIyIOTCS METOJbl TOBBIIICHUS KayecTBa
M300pakeHUN C KCIOJb30BAaHMEM YacCTOTHOrO aHaim3a MU mpeodOpasoBanus Dypne.
OcHOBHOE BHUMAaHHUE YJIEJICHO MPUMEHEHHUI0 (PWIbTpalluM B YacCTOTHOM o0OiacTu st
MOJABJICHUSI ILIYMOB, YCTPAaHEHUS HUCKAKEHUN W YIy4YlIEHHUS BU3YaJIbHOW YETKOCTH
n3o0paxkeHui. B craTtbe paccMmarpuBaroTCs NPUHIUIBI PabOThl HU3KOYACTOTHBIX,
BBICOKOYACTOTHBIX M TIOJIOCOBBIX (PHIIBTPOB, BKIIOYasi TayccoBckue ©u baTttepBopt-
bunbTpEl, a TakkKe OCOOEHHOCTH UX peaju3aldd C TOMOIIBI0  JUCKPETHOTO
npeoOpazoBanusi @ypoe (DFT).

KaloueBble ciaoBa: I[IpeoGpazoBanme Dypbe, yactoTHas GUIbTpalus, IOJABICHUE
IIYMOB, yIydllleHWE KadecTBa H300paxeHuil, rayccoB QuibTp, barTepBopT-OUiIbTp,
YaCTOTHBIA CHEKTP.

APPLICATION OF FILTERING AND FOURIER TRANSFORM METHODS TO
IMPROVE THE VISUAL QUALITY OF IMAGES

Abstract. This work examines methods for improving image quality using frequency
analysis and Fourier transform . The main focus is on applying filtration in the frequency
region to suppress noise, eliminate distortions, and improve the visual clarity of images.
The article examines the operating principles of low-frequency, high-frequency, and band-
pass filters, including Gaussian and Butterworth filters, as well as the features of their
implementation using the discrete Fourier transform (DFT).

Keywords: Fourier transform, frequency filtering, noise reduction, image enhancement,
Gaussian filter, Butterworth filter, frequency spectrum.

CoBpemeHHbBIE 3afaud IUGPOBOM BU3yaIM3aIUU TPEOYIOT HE TOJIBKO BBICOKOMU
TOYHOCTH, HO M YCTOMYMBOCTH K Pa3IM4YHbIM BHJAM HCKa)XEHUN, BO3HUKAIOUIUM B
npoliecce nepeadyn, XpaHeHUs WK ChEMKHU n3o0pakenui [1, 45-6]. OaHO#M U3 KITIOUYEBBIX
npoOsieM OCcTaéTcsl HaTMYKE IIIYMOB U Pa3MbBITHSI, KOTOPhIE CHUKAIOT HH()POPMATHBHOCTD U
BU3yaJIbHOE BOCIIpUsATHE JaHHBIX [5, 39-0].

B nmanHOM wuccrenoBaTenbCKkOM paboTe OBLIO COCPENOTOYEHO Ha MeToAax
bunpTpanuu  M300paKEHU B YACTOTHOM 00JAacTH, OCHOBAaHHBIX Ha TNPUMEHCHUU
npeoOpazoBanust Oypre. Takoil MOAXO MO3BOJIAET aHATU3UPOBATH U300pAKEHUE C TOUKHU
3pEeHHS paCTpeIeTICHUsI €ro YHEPTeTHUCCKUX KOMIIOHEHTOB MO 4YacToTaM M 3(PGEeKTUBHO
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YIATATh HeXeIaTelbHbIe CIEKTPalbHBIE COCTABISIONINE, OTBETCTBEHHBIE 33 IIyM MM

Pa3MBITOCTb.
Ilenp nmaHHOM CTaTbM — IPOBECTH CPABHUTEIBHBIM aHAIW3 PA3JIUYHBIX THIIOB
YaCTOTHBIX (PMIBTPOB U IMPOJAEMOHCTPUPOBATh UX BIMSHHE HAa KayeCTBO M300pa’keHUil.

Oco0oe BHMMaHHME YJEJIEHO TOCTPOCHHUIO ONTHUMAJIbHBIX (UIBTPOB, KOTOpHIE

Eﬂﬂr‘ [

n oOecrneynBaloT OajJaHC MCKAY COXPAaHCHHUCM JIeTalleci ¥ CHU)KCHUEM ITYMOB. KpOMe TOrO,
B pa60Te paccMaTpruBaAOTCA IICPCIICKTUBBI MHTCTPALINH KIIACCHYCCKUX CDypI)e'MeTOIIOB C

S

COBPEMEHHBIMU MHTEIJIEKTYAJIbHBIMU 2JITOPUTMAaMU 00pabOTKH U300paKEeHUH.

Metoabl puabTpanun N300paxKeHMi:

1.1. Qunvmpayus uzoodparxcenuii Ha ocHoge npeoodpazosanus Qypove

B naHHOM wuccnenoBaHMM Takke OBUIO TPUMEHEHBI METONbl (UIbTpaLUU
n300pakeHul, OCHOBaHHbIE Ha MpeoOpa3oBaHun dypbe, KOTOPbIE MO3BOJISAIOT BBITOJIHATh
00paboTKy HE B MPOCTPAHCTBEHHOM, a B 4aCTOTHOM oOyactu [8, 93-0].

B otnuune oT JIMHEHHBIX METOJIOB, PaOOTAIOIIUX HAIPSIMYIO C MUKCEISIMH, TOIX0T
Ha ocHOBe Dypbe Na€T BO3MOXKHOCTh AHAJIU3MPOBATH U HM3MEHSTh YACTOTHBIN CIEKTp

onference
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U300paXkeHusi, 4T0 0COOEHHO A(P(PEKTUBHO NPHU YCTPAHEHUH IMEPUOJIUYECKUX LIYMOB U

A
J

HOBBIIICHUN YE€TKOCTH TPaHUIl 00BHEKTOB.

OcHOBHass wujaes MeTOJa 3aKJIIOYaeTCsl B Pa3iOKCHUHM HM300pakeHUS Ha
TApMOHHUYECKUE COCTABJISAIONIME TPU MMOMOIIU IBYMEPHOI'O JUCKPETHOTO MPeoOpa3oBaHus
®dypwe (2D DFT) [7, 56-0].

MareMaTu4ecku 3TOT HPOLIECC OMUCHIBACTCS CIICIYIOIINM BBIPAKCHUEM:

al (

HuckpetHoe npeobpazoBanue Oypbe onuchiBaeTcs: GopMyoi:

10N

) M-1N-1 _ jzﬁ(%+%j
Fuv)= > f(xye
x=0 y=0

f (X,y)- ucxomHoe u300paXkeHHE B MPOCTPAHCTBEHHON 00JIacTH,

F(u,v)- ciekTp n300pakeHUsI B YaCTOTHOM 00J1aCTH,

M,N — pazmepsl u300pakeHus,

] — MHHMMas eIMHHUIIA.

Ha nmnpaktuke ObUla TpUMEHEHa 4YacTOTHass (UIbTpalUs Ui yAaJCHHS
BBICOKOYACTOTHBIX IIIYMOB ¥ TIOBBINICHWs KauecTBa u300pakenuii. Hampumep,
HU3KOYAaCTOTHbIC (UIBTPHI IMO3BOJIAIOT CIJIQJUTh H300paKEHHUE, YCTpaHSIS MEJKHUE
IIIYMOBBIC JIETAJIH, & BHICOKOYACTOTHBIC (DMIIBTPBI, HAOOOPOT, BBIACISIOT PE3KHE MEPEXOIbI
U KOHTYPBI 0OBbEKTOB.

NFEREMCES OF FRACTICE

I[J'I}I pcann3annuunu (bHJ'IBTpaHI/II/I HCIIOJb30Bajach MacKa B YacTOTHOM O6J'IaCTI/I,
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Lo

KOTOpasi OOHYJISIeT HeHYXHbIE 4acTOTHl. [IpuMep MaeanbHOTO HU3KOYACTOTHOTO (hUIbTpa
MOJKHO 3aIMCaTh CJIEIYIONIIM 00pa3oM:

1, D(u,v) <D,
0, D(u,v)>D,

H(u,v)=
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M N
D(U,V) = \/ (U — ?)2 + (V - E)z — paccTossHME OT LEHTpa YaCTOTHOTO

CIIEKTpA,

. B xoze 3kcriepuMeHTOB ObLTO YCTaHOBIICHO, YTO METObI Dypbe MO3BOJISIOT Oosee
n TOYHO YIPABISATh YaCTOTHBIM COICPKUMBIM W300paXEHUH W yIaydIaTh UX BH3yaJIbHOE
KauecTBO TNpH Tocieayrome obOpadotke. OcoOeHHO 3(PGEeKTUBHBIM  OKa3alloCh
KOMOWHUPOBAaHUE YAaCTOTHBIX (UIBTPOB C TMPOCTPAHCTBEHHBIMH METOJAMH IS

5

2 TOCTHXKEHHS ONTUMAILHOTO PE3yJIbTaTa.

OpurunHan Mocne punbTpaunm Pypbe
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Pypbe-puiabTp
B nporecce uccnenoBanus pa3iavuHbIX METOJ0B 00pabOTKU M300pa)KEHUM Takxke

al (

OBLIIO pacCCMOTPEHO MTpUMEHeHHe GUILTPOB Ha OCHOBE Mpeobdpazoanus Oypre. OcHOBHAsS
ujes ajiropuTMa 3aKII0YaeTcs B Iepexojie M300pakeHHs B YACTOTHYIO 00JacTh, TIe

10N

BBICOKOYACTOTHBIE KOMITOHEHTBI, OTBEUYAIONINE 32 PE3KUE TEPEXOAbl U IIyM, MOTYT OBITH
MOJIaBJICHBI, & HHU3KOYAaCTOTHBIC, OMPEACIAIONINe OOIIYI0 CTPYKTYpPY, — YCHJICHBI WU
COXpPaHEHBI.

Ha npaktuke Obulo OTMEYEHO MHTEpecHbI 3PdekT: GuabTp Ha ocHOBe Dypne
MO3BOJISIET M30MPATENbHO YIAIATh IIYM U CTJIaXHUBAaTh M300pakeHHe 0€3 3HAUMTEIHHOU
norepu o0mel cTpyKTypbl 00bekTOB. OHAKO NpU arpeCCUBHOM IOJABICHUU BBICOKHUX
4acTOT HAOIIOAAeTCsl pa3MbIBAaHHE MEIKUX JCTale U MoTepsl TEKCTYPHBIX 0COOCHHOCTEH.
DTOT KOMIIPOMHUCC OCOOCHHO BaKeH Mpu paboTe ¢ M300paKeHUsMU, The Tpeldyercs
COXPaHUTh YETKOCTh KOHTYPOB U TOHKUX CTPYKTYP.

Pucynok 3. CpaBHeHHE HCXOJHOTO M300pa)k€HUsT U Pe3yiIbTaTOB (UIbTPALUU B
YaCTOTHOM 00JaCTH: XOPOIIO BUAHO, KaK MOJABIEHUE BBICOKMX YaCTOT YMEHBIIACT IIYyM,
HO TIPH CIIMIITKOM CHJILHON (MIIBTPALIAN TEPSIOTCS MEJKHE JIETAIH.

OpwurunHan Husko4acToTHasa dunsTpauns BbicokoyacToTHasa unbTpaums
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B cBoeit pabore Takke ObUIO MOAPOOHO HW3ydeHA (UIBTpAIdS H300PKEHHH C

UCTIOJIBb30BaHNEM npeoOpa3oBanus Dypbe, KoTopas mokasana BICOKYIO 3((EeKTHUBHOCTD B
NOJIaBJIEHUU pPAa3JIMYHbIX BHUAOB IIYMOB, OCOOCHHO BBICOKOYACTOTHBIX TIIOMeX. B

OKCIICPUMCHTAX Ha6J'IIOI[aJ'I, 4dTO TAKHUC IIYMBI IIPOABJIAIOTCA B BUJAC MCIIKUX CﬂyqaﬁHBIX

TOYCK U TCKCTYPHBIX HCK&)KCHPIﬁ, BJIMAIOIINUX HA BOCIIPHUATUC UCXOAHOT'O I/I306pa)KCHI/I$I.

[Mpunuun neiictBus ¢GuiIbTpa OCHOBaH Ha MpeoOpa3oBaHUM H300paKEHUS B
YaCTOTHYIO 00JacTh, IIe MOXXHO H30MpaTelIbHO MOJABIATH HEKEJIaTeIbHbIE YacTOTHI.
Bricoko4acTOTHBIE KOMIIOHEHTHI, KaK MPaBUJIO, OTBEYAIOT 3a IIYM M PE3KHE MEPEXOJIbl, a
HU3KOYaCTOTHBIE — 332 OCHOBHYIO CTPYKTYPY M300pakeHus. DTO IMO3BOJSET YMEHBIIUThH
IIyM, COXpPaHUB MpPU 3TOM 00myI0 (GopMy OOBEKTOB M UX KOHTYphl. llpu ciaumikom
arpeccUBHOMN (QUIBTPALIMK BHICOKUX YACTOT HAOIIOJAETCSI HEKOTOPOE pa3MbIBAHUE MEIKUX
JeTajeil, 4To TpedyeT akKypaTHOTrO BbIOOpa mapaMeTpoB (QpHUIbTpA.

Hu3ko4acToTHaa punsTpaums Bbicoko4acToTHaa hunbTpaumns
(nopaeneHue wyma)

Opuruxan (BblaeneHne TekcTyp)
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Pucynok 4. CpaBHUTENbHBIN aHAIN3 pe3yibTaToB Dypre-(uiIbTpaluu: BUAHO, KaK
MOJIaBJIEHUE BBICOKMX YAaCTOT CHUXKAET IIYM M MOBBIIAET BU3YaJIbHYIO OAHOPOJHOCTD,
IPU 3TOM COXpaHAETCsl 00Ias CTPYKTypa OOBEKTOB, HO TEPSIFOTCS MEJIKUE TEKCTYpHBIE
DIIEMEHTHI.

B pamkax wuccnenoBaHus Takke ObUI0O MOAPOOHO HW3yyeHa (QUIbTparus
n300pakeHUll ¢ MCHOJIb30BaHHEM MpeoOpa3zoBaHus Dypbe, KOTOpas MOKa3ajla BBICOKYIO
3(pPEKTUBHOCTH IPU MOIABICHUN PA3IMYHBIX BHIOB IIIyMOB, 0COOCHHO BBICOKOUACTOTHBIX
nomex. B xozae skcneprMeHTOB HAOMIOAANOCh, YTO LIYMbl YAacTO MPOSBISIOTCA B BUJE
MEJIKMX CIIY4alHBIX TOYEK, TeKCTYPHBIX MCKAKEHHH MU PE3KHX MEepPeX0/10B, CIIOCOOHBIX
CHUXKaTh BU3yaJIbHOE KaYECTBO UCXOJIHOTO U300paxeHUsI.

[Tpumenenne @ypbe-puiabTpa NO3BOJUIO H30UpATENbHO BO3JEWCTBOBAThH Ha
pa3nuyHbIe YaCTOTHBIE KOMIIOHEHTHI M300pa’keHus. BBICOKOYACTOTHBIE COCTaBIISIOIINE,
KaK MPaBWJIO, OTBEYAIOT 32 IIYM U pe3KHe U3MEHEHUS] HHTEHCUBHOCTH, @ HU3KOYACTOTHbIE

INTERMATIOMAL Interna t
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— 3a o0myr CTpyKTypy u ¢opmy o00bekToB. brmaromaps sToMy MOXHO 3()PEeKTHBHO

YMEHBIIUTH IITyM U OJJHOBPEMEHHO COXPAaHUTh KIIFOUEBBIE KOHTYPHI U (POPMY OOBEKTOB.
Ha mnpaktuke ¢uibTp okazancsd OCOOEHHO MOJNE3€H B 3ajayax, IJ€ Ba)KHO
COXPaHUTh OOIIYI0 CTPYKTYpy CHEHBI MpPH OJHOBPEMEHHOM CHIKCHHHM LIYMOBBIX
apredakrtoB. Ilpn akkypaTHOl HacTpoilike mapameTpoB (QHUIbTpa YAABAJIOCH TOOUTHCS
3HAUUTENBHOTO CTaKUBaHUS OJHOPOAHBIX 00JacTeil 6€3 3aMETHOTO Pa3MbITHSI KOHTYPOB.
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OnfHAaKO CIMIIKOM arpecCHBHOE MOJABICHHE BBICOKMX YacTOT MPHBOAMIO K IOTEpE

MEJIKUX JIeTalel U TEKCTYPHBIX 0COOEHHOCTEM

Hu3KouacTOTHan UNbTPauns
(CrnakusaHve, NoaasneHne LWyma)

BLICOKOYACTOTHaR (bUNLTPaUVs
(BbiAENEHNE TEKCTYP U KOHTYPOB)

OpuruHan

Eﬂr—! 2

Pucynok 4. CpaBuenue pabotbl Dypbe-GUibTpa C HUCXOJHBIM H300paKeHUEM:
XOpOILIO BHUJIHO, KAK MOJABICHUE BBICOKMX YaCTOT CHUKAET LIyM, MOBBILIAET BU3YyaJbHYIO
OJIHOPOJHOCTh 00JIacTel, NpPH 3TOM COXpaHseTcs o0Ias CTPyKTypa OOBEKTOB, HO
YaCTUYHO TEPSIOTCA MEJIKHUE TEKCTYPHBIE JIEMEHTHI.

@uabTPHI A5 BblJIeJIeHUs KOHTYPOB

B pamkax 3ama4 1o mogaBJICHUIO IIIYMOB U CTIIXKUBAHUIO U300paK€HUM MOAPOOHO
u3ydeHa puiabTpalys B 4aCTOTHON 00JIaCTH ¢ UCTIONb30BaHUEM IpeoOpazoBanus Dypoe. B

onferences
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X0Jle OKCIEPUMEHTOB peajan3oBaHa (UIbTpalMs, M[O3BOJSIOIIYI0 H30UpaTEeNbHO

A
J

BO3EHCTBOBATH Ha Pa3JIMIHBIC YaCTOTHBIC KOMIIOHCHTHI: BBICOKOYAaCTOTHBIC
COCTABJAOIIMC OTBCYAIOT 3a IIYM U PE3KHUC IICPCXOAbl HHTCHCUBHOCTH, 4 HU3KOYAaCTOTHBIC

— 32 00IIYI0 CTPYKTYPY U PopMy 0OBEKTOB.
Ha npaktuke npumenenue Oypbe-punbTpa mokazano BHICOKYIO 3 ()EKTUBHOCTH B

al (

CHI)KEHUM ULIYMOBBIX apTe(akToOB IPU COXPAaHEHUU KIIOYEBBIX KOHTYPOB U OOIIeH

10N

CTPYKTYpbl n300pakeHusi. OCOOCHHO MOJIE3HBIM 3TOT METOJ OKazalcsa sl o0paboTKu

u300pakeHU C  OOJNBIIMM  KOJIMYECTBOM MEJIKUX IIYMOBBIX JJIEMEHTOB, TJE
TpaJULIMOHHBIE TPOCTPAHCTBEHHBIE (PUIBTPBI MOTIIU ObI MPUBOJUTH K PA3MBITHIO JI€TajeH.

bnarogapst BO3MOXXHOCTH HacTpauBaTh MapaMeTphl (PUIbTPAINH, YAAIOCH T0OUTHCS
3HAYUTEIBHOTO CIIIAXKUBAHUS OJHOPOAHBIX 00sacTeil 0e3 3aMETHOTO Pa3MbITHI KOHTYPOB.
[Ipy 5TOM CIUIIKOM arpecCUBHOE MOJABJIEHHWE BBICOKMX YacTOT MPUBOJWIO K TOTEpe
MEJIKUX TEKCTYPHBIX 0COOEHHOCTEH, YTO TpeOyeT akKypaTHOro rnoadopa paauyca Gpuimstpa
B 3aBUCHUMOCTH OT THIIA U300paKeHUSI.

Pucynok 6. CpaBHuTenbHbIM aHanmu3 pabotel Dyphe-GunbTpa: BHUAHO, Kak
MOJIaBJIEHUE BBICOKUX YaCTOT A(G(EKTHBHO CHIIKAET IIyM, TIOBBIIIACT BU3YAIbHYIO
OJIHOPOAHOCTh 00JIacTell U OAHOBPEMEHHO COXPAHSIET OOIIYI0 CTPYKTYpy OOBEKTOB, MpH
ATOM YaCTHYHO TEPSAIOTCS MEJIKUE TEKCTYPHBIE JIEMEHTHI.

HuskovacToTHas hunbTpauns
(crnaxusaHue, nonasnexHne wyma)

Bbicoko4acToTHas unbTpaums
(BblaenexHve pnetanemn)

OpuruHan
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2.9KCNnepUMEHTAILHASA YaCTh

2.1. Onucanue J1aHHBIX
B »skcnepuMeHTaNIbHOM 4YacTH HUCCIEAOBaHUSA TMOJTOTOBJIEH HA0Op TECTOBBIX
W300paXKeHUH C pPa3IUYHBIMH YPOBHSMH IIYMOB W JCTaIM3allMM — OT YMEPEHHBIX

IIYMOBBIX apTe(akTOB 10 BBIPAKEHHBIX BBICOKOYACTOTHBIX HCKaxkeHHil. Ha stom

ﬁarﬂl [

n MaTepualie s TpoBeN aHaan3 3PQPEKTUBHOCTH (WIBTPAlMA B YacCTOTHOH 0O0IacTH C
UCIIOJIb30BaHuEM IpeoOpazoBanus Dypre [4, 112-6].

S

Metong @Dypbe-QuibTpallii MO3BOJSI  M30MpaTeNbHO  BO3JACHCTBOBATH Ha
BBICOKOYACTOTHBIE M HHU3KOYACTOTHBIE KOMIIOHEHTHI H300pa)K€HHS: BBICOKOYACTOTHHIE
COCTaBJISIIOIINE, KaK MPABUIIO, OTBEYAIOT 3a IIYM U PE3KHE MEPEX0]ibl MHTEHCUBHOCTH, a
HU3KOYACTOTHBIE — 3a OOIIYI0 CTPYKTYpy OOBEKTOB. JIJisi KOJIMYECTBEHHOM OIEHKHU
pe3ynbTaToB Hcmonb3oBanuch Metpukun PSNR (Peak Signal-to-Noise Ratio) u SSIM
(Structural Similarity Index), uro obecrneuynBano KOMIUICKCHBIM aHAIU3 CHUKCHHS IIyMa
MIPU COXPaHEHUHU CTPYKTYPHOU LIETOCTHOCTH U300paKEHUI.

2.2. [IpumeHeHue MeTOA0B (pUIbTPaALIUK

onference
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Kaxnoe m3zo0paxkeHue ObuI0 00pabOTaHO € MOMOUIBIO JABYX BapHaHTOB PDypbe-
buapTpanuu:

A
J

. HuskouactoTHass (puabTpanusi — NOJABJICHUE BBICOKOYACTOTHOIO LIyma
IPU COXPAaHEHHWU OOIIEH CTPYKTYphl OOBEKTOB. DTOT METOJ IMO3BOJSIET CriIaXUBaTh
OJIHOpOAHBIC 007acTH 0€3 3HAUUTETHLHOM MOTEPH KOHTYPHOU MH(POPMAIIUH.

al (

. BoicokoyacToTHast GUIAbTPALMSA — BBIICICHNUE MEJIKUX ACTAIEH U TEKCTYP,
AKLIEHTUPOBAaHHE TPAaHUL] OOBEKTOB, YTO MOJE3HO JUIsl aHAIM3a CTPYKTYPbl U300pakeHUSI
[6, 117-6].

Tabmuna 1. Ownenka >@dextuBHOocTH  Dypbe-QuibTpauu Ha  TECTOBBIX

10N

HU300paKCHUAX
MeToa ¢punbTpaumm 3ddekT Ha wym CoxpaHeHWe KOHTYpOB CoxpaHeHue TekcTyp PSNR 1 SSIM 1
HuskouacToTHan YMeHbLUeHWe WyMoB Xopowee YactmuHaa noteps Breicokmid Breicokmid
GunbTpauna
BeicokouacToTHan He ymeHbLluaeT wym CoxpaHatoTca Buiaenatotca aetanm CpeaHuid CpeaHuid
GunbTpauna

2.3. AHanu3 pe3yJbTaToB

[To pesynapraTam okcnepuMeHTOB ¢ Dypbe-puiubTpareii MOXHO ClenaTh
CJIE1YIOLI1E BBIBOJIBI:

HuskouacrotHast ¢unbTpanus >QQPEKTUBHO TMOAABISIET BBICOKOYACTOTHBIM IIIyM,

JCES OF PRACTICE

NFERER

yaydiias BU3YaJbHYIO OJHOPOJHOCTb obnacteil wu3oOpaxkenus. Ilpm stoM obmias
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CTPYKTYpa OOBEKTOB M OCHOBHEIE KOHTYpPbI COXPAaHAIOTCSA, UYTO MOATBCPKIAACTCA

Lo

BeicokuMU 3HaueHHsIMH PSNR 1 SSIM. Onnako npu cauimkoM arpeccuBHON (PUIBTpaliuu
Ha0JII0/1aeTCsl YaCTUYHAs MTOTEPSl MEJIKUX TEKCTYPHBIX JeTajeil.

BricokouacToTHast puibTpalys MO3BOJISET BBIACIUTh MEIKUE ACTAId U TEKCTYpHI,
aKUEHTHPYS TPAHUIIBI 00BEKTOB. DTOT METOJ OCOOCHHO TOJIE3€H JJIsl aHaJIN3a CTPYKTYPHI
M300paXkeHusl, HO HE CHUYKAET IIYMOBBIE apTedakTbl, UTO OTpakaeTcsa B Oojiee HU3KUX
nokazarensix PSNR u ymepennbix 3Hauenusix SSIM.,
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Hu3koyacToTHas punbTpauns Bblcoko4acToTHan hunbTpauns
PSNR: 32.72, SSIM: 0.847 PSNR: 8.84, SSIM: 0.072

OpuruHan

3. CoBpeMeHHbIe METOABI HA OCHOBE HEHPOHHBIX ceTel

3.1. Ucnosb3oBanue @ypbe-puiabTpanuu 1Js 00padoTKu M300pakeHuit

B pamkax cBoero uccienoBaHus MOJPOOHO U3Y4YEHO MPUMEHEHHE (PUIbTpaliu B
YacTOTHOM 00JacTH € HMCHOJb30BaHHWEM TNpeoOpazoBanust Dypbe. ITOT METOA MOKa3al
BBICOKYIO 3((EKTHBHOCTh B IOJABJIIEHUU IIYMOB W BBIJCIIEHUU JeTalleld, 0COOEHHO B
CITyJasix, KOT/ia ITyMOBbI€ apTe(daKThl MPOSBIISIOTCS B BUAEC MEJIKUX CIYYailHBIX TOYEK WIIH
pe3Kux n3MeHeHui uarencupHoct [ 10, 91-06].
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OKCHEpUMEHThl  MPOJEMOHCTpUpoBasid, uTo Dypbe-puiubTpanus MO3BOJSET

A
J

n30MpaTenbHO BO3JCHCTBOBATh HA Pa3jMYHbIE YACTOTHBIE KOMIIOHEHTHI H300pa)KeHUS.
BBICOKOYACTOTHBIE COCTABJISIIONIME OTBEUAOT 3a IIYM H© MEJIKHE TEKCTyphl, a
HU3KOYACTOTHBIE — 32 OOIIYI0 CTPYKTYpy u (hopmy 00bekTOB. braromapsi BO3MOXKHOCTH

al (

HACTpauBaTh paguyc QuibTpa ¥ THN QUIbTpa (HU3KO- WJIM BBICOKOYACTOTHBIN) MOKHO
NOOUTHCS ONTHUMAJIBHOTO OajlaHCa MEX]ly CHH)KEHHUEM IIyMa U COXPAHEHHEM KOHTYpPOB U
TEKCTYP.

10N

Ha npaktuke QuibTp okazaics 0COOCHHO TMOJIE3€H ISl aJalTUBHOM 00paOOTKU
U300paKeHUN C pa3HbIMU YPOBHAMH IIYMOB M TEKCTypHOH paetanuzanueil. Ilonbop
napameTpoB (uiabTpa Mo3BOISAET AP(HEKTUBHO CrIAXUBAaTh OJHOPOJIHBIE obOnactu 0e3
3HAUUTENBHON MOTEPU KIHOYEBBIX KOHTYPOB U OpM OOBEKTOB, oOecreunBas pe3ysbTarT,
COIMOCTaBUMBIH C pyuHOIl 00pabOTKOM.

3.2. lIporpamMHubie peanu3anun Oypbe-puiabTpanun

Jl5is mpoBeeHNs YKCTIEPUMEHTOB OBIITM MCIIOB30BAHBI CTaHIAPTHBIE OUOIMOTEKH
Python — OpenCV u NUMPY. DTi HHCTPYMEHTBI TIO3BOJIMIIN Pean30BaTh GUIBTPHl Dyphe
KaK JUJIl HU3KOYaCTOTHOT'O MOAABIICHUS IIYMOB, TaK U JJIsl BHICOKOYACTOTHOTO BBIICTICHUS
TEeKCTyp. [JIaBHBIM TNPEUMYIIECTBOM JaHHOTO TMOAXOJAa SBISETCS THOKOCTh U
aJanTHUBHOCTb: MOXXHO OBICTPO HM3MEHATH MapaMmeTpbl  QuiubTpanuu, mnoadupas
ONITUMANTBHBIN PEXKUM IJIs1 KaXKIOTO KOHKPETHOTO N300paskeHusI.

Pucynox 7. CpaBHEHHE TPaTUIIMOHHBIX MMPOCTPAHCTBEHHBIX (pUIbTpoB 1 Dyphe-
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(bHJ'IBTpaL[I/II/Ii BUJIHO, KaK IIOJAaBJICHUC BBICOKHX YaCTOT CHHIXACT IOYM W YJIy4dIIacT

BU3YaJbHYIO OJTHOPOAHOCTD, IPU 3TOM COXPAHSIOTCS OCHOBHBIE KOHTYpPbI OOBEKTOB, a MPH
BBICOKOYACTOTHOM (DUIIBTPAIIH aKIIEHTUPYIOTCS AETAIH U TEKCTYPBHI.
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Opurunan

3akjaoueHue
[TpoBeneHHOE HICCIeIOBAaHUE HATIISAHO MTOATBEPIMIIO KIFOUEBYIO POJIb (PHITBTpaIiiu

B YAacCTOTHOW 00JacTH JJis TOBBIIEHHWsS KadecTBa u300paxkeHuil. B paborte ObLIO
CHUCTEMAaTU3UPOBAaHbl WU MPOTECTUPOBAHBI OCHOBHBIE MOAXOAbl Dypbe-pUiabTpaluu —
HU3KOYACTOTHYIO  (UIBTpALMIO JUISl TMOJABICHUS IIYMOB M  BBICOKOYAaCTOTHYIO
bunbTpanuio st BeIIEICHUS TEKCTYp H netaneit [9, 134-6].

OKCHepUMEHTaJbHas YacTh IMO3BOJIMJIA CJIeJaTh HECKOJIBKO Ba)XHBIX BBIBOJOB:
HU3KOYacTOTHasA puibTpauus 3pPEeKTUBHO CHUKAET NIyMOBBIE apTe(aKThbl, COXPAHSIS MPU
3TOM KJIIOUEBbIE€ KOHTYpPHI U OOIIYI0 CTPYKTYPY OOBEKTOB, TOTJAa KaK BBICOKOYACTOTHAS
¢bunbTpanus aKUEHTUPYET MEJIKHE JeTald M TEKCTYPbl, HO HE YMEHbIIAET IIyM. Baxkubim
acrmeKkToM paboThl OKa3aJoCh TO, YTO ONTHUMANbHBIN BBIOOp pagumyca (QUIbTpa M TUIA
¢GwIbTpaiu  MO3BOJISIET  aJaNTHPOBaTh METOJ IO KOHKPETHOEe HU300pakeHue,
oOecrieunBasi OajlaHC MEXIy KaueCTBOM IIYMOIIOJIABJIEHUS W COXpPAaHEHUEM JeTaliell.
Ocoboe BHMMaHHE B 3aKJIIOUEHUHM XOTEJIOCh OBl YAETUTh MEPCIEKTHBAM JalbHEUIIEro
pa3BUTHS METOJI0B ®ypre-punbTpaluu. KomM6unupoBanue KJIACCUYECKUX
npeoOpazoBannii Pypbe C COBPEMEHHBIMH HEWPOCETEBBIMU MOJIXOJAaMHU OTKPBIBAECT
BO3MOKHOCTH CO3/IaHUSl TMOPHUIHBIX aJaNTHUBHBIX CHCTEM, CIIOCOOHBIX ABTOMATHYECKU
noa0uparh napamerpbl (QUIABTPALMU ISl PA3IMYHBIX TUIOB M300pa)K€HU M YpOBHEM
nryma. 3To, B CBOIO OYepelb, MO3BOJSET T0OUTHCS 3HAUUTEIbHOTO MOBBIIICHHUS KauecTBa
BU3YaJIbHOUM MH(OPMAIIUU PU MHHUMAIBHOMN TIOTEpe CTPYKTYPHBIX neTaner [3, 119-0]..
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