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NOCTPOEHUE YHUPULIMPOBAHHOIO METOAA UCKITIOYEHUA
MMMNYJIbCHOIO WWYMA AnA OBECNEYEHUA AOEKBATHOIO NPUMEHEHUA
NMPOCTPAHCTBEHHbIX ®UNbTPOB LUYMA N3OBPAXEHWUN

B cmamuve npeonacaemcs ynughuyuposannwiti 0emepmMuHUpPOBARHbIl MEMOO UCKIIOYEHUsI OOUHOUHBIX U 2PYN-
HOBbIX IKCMPEMATLHBIX HAOTOO0EHUL, OMONCOECMEISAEMbIX C UMNYIbCHBIM ULYMOM, HPUMEHEHUE KOMOPO20 NO360JIs-
em obecnedusams 603MONCHOCHIb AOEKBAMHO20 C2ANCUBAHUS UMNYIbCHO20 WYMA, KAK O/l GHYMPEHHOCHU, MAK U

0J131 2panuy u300padceHuil 06veKmos.
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BBepeHue

OpnHOM U3 BaKHEMIIMX 3a/ay, pelraeMbIX B X0
peaoOpaObOTKH BXOJHOIO M300paXKCHUs, SBIACTCS 3a-
nada uieTpanmu (crimaxuBaHus) yma [1, 2], mo-
CKOJIbKY OT 3()()eKTHBHOCTH €€ pelleHHs BO MHOTOM
3aBHCHUT (Q(EKTUBHOCT PEIICHHS 3a]a4 CErMEHTALNH
W pacro3HaBaHus M300paxkeHuii [3 — 6]. BaxxHoe MecTo
cpean MeTonoB (DMIIBTpAIMU IIyMa 3aHHUMAIOT METOJIbI
MIPOCTPAaHCTBEHHOW (hUIBTPALMK LTyMa, OCHOBAaHHBIC Ha
HCMONb30BaHUM Macok [2]. OnmHako pe3yapTaThl Npu-
MEHEHHsI TaKUX METO/OB (HIbTPALUH JUIS HEKOTOPBIX
obmacreil (OKpecTHOCTEH) BXOJHOIO M300paskeHHsS MO-
T'yT OBITh HEaJCKBATHBIMH [2, 5, 6].

Tak, eciu MHOXECTBO SPKOCTEM MHKCelel pac-
CcMaTpHuBaeMOoi pu QHUIBTPAIN OKPECTHOCTH SIBIISIETCS
OJTHOPOJHBIM, TO €CTh LIEJIMKOM HPHHAIICKUT WIH 00b-
eKTy, WiIH (OHY M, €CIId B DTOH OKPECTHOCTH HET MM-
MyNbCHOTO IIIyMa, TOTAA pe3ylbTaThl MPUMEHEHHS
CriIaKuBarouiero (GuiIbTpa K TaKOH OIXHOPOJHON OKpe-
CTHOCTH SIBJISIFOTCSl aJiekBaTHBIMU [8, 9]. Oanako ecinu
YCIIOBHE OTHOPOMHOCTH Hapymiaercs (M3-3a TOro, 4ro
OJIHA YacTh THKCENIeHl OKPECTHOCTH MPHUHAIICKHUT 00b-
eKTy, a Apyras 4acth ()OHY WIH, €CIH B OKPECTHOCTH
HaONIOaeTCs WMIYJIBCHBIM IIYM), TOTJA PpE3yNbTaThl
MIPUMEHEHHUST CTIIaXHUBAIOMIEro (GUIbTpa K HEOJHOPOM-
HOUM OKPECTHOCTH MOT'YT OBITh HeaJIeKBaTHBIMH.

B 3TOM OTHOLIEHNH B CTaThe PEIIAETCs] AKTYyaJIb-
Hasl 3ajava pa3paboTKu YHUGDHUIIMPOBAHHOI'O METONA
WCKITIOUEHHS JKCTPEMaJIbHBIX HaONIOJeHH, MpUMeHe-
HHE KOTOPOro Mo3BOJMUT 3(P(YEeKTUBHO HAEHTUPUIIPO-
BaTh M HCKIIIOYATh M3 OKPECTHOCTH AEUCTBUS (HIbTPA
OJMHOYHBIE W TPYIIIOBbIE MMITYJIbCHBIE IIyMbI. Perre-
HHE 3TOH 3a/1a4M JaCT BO3MOXXHOCTh a/IEKBATHO IPHMe-
HATH CrIKUBArONMe (QUIBTPBI MIyMa Ha OAHOPOIHOM
MHOXKECTBE SIPKOCTEW THKCENeHl OKPECTHOCTH, YTO, B
CBOIO O4YEpellb, MO3BOJHUT 00ecHeduTh d(PPEKTUBHOCTD
CerMEHTALUH N300pakeHHH 00BEKTOB HAa CHUMKE.

Jomyctum, 4To pe3yabTaThl N HAOIIONEHUH (3HA-
YeHHH SPKOCTH B 3aJaHHOM OKPECTHOCTH JEHCTBUS
(UIBTpa) NPENCTABIAIOTCS MHOKECTBOM TOUEK

Xz{xg}gzl,...,n =(X,Xp,0%,), (1
W BBABHHEM Turore3y H o Tom, 4To cpenu HUX NpH-
CYTCTBYIOT 3KCTpeMallbHble HaONIOJICHUS, OTBEUYAIOIIUe
UMITYJIbCHOMY HIYMY, KOTOpble HEOOXOAMMO HCKIIIO-
yuTh U3 psifa (1) Kak HeTUIUYHbIE.

Jly1s BEIpaOOTKH €UHOI0 MOJX0a K NPUMEHEHHUIO
CTaTUCTUYECKHX U JIETEPMUHUPOBAHHBIX KPHTEPHEB
WCKITIOUEHHS IKCTPEMaNIbHBIX HaOJoeHUH OyaeM Io-
jaraTh, 4TO HMCXOIHBIE JaHHble (1) mpencTaBisIOTCS
YIIOPSIIOYESHHBIM 10 BO3PACTAHHIO PSIOM SIPKOCTEH

X, £X, <..<X,. (2)

OcHoBHOM pa3gen

1 NMpumeHeHne KpuTepua naeHTudpUukauum
TOYE€YHOro UMNYJFILCHOrO LWyMa
I/ITaK, MpEANOI0XKNUM, YTO JIsI HEKOTOPOIr'o IMHUKCE-
ns d(&,m) ompeneneHa ero V2 -OKPECTHOCTb

0z (dE M),

pasMmepHOCTBIO 3% 3,
TIPE/ICTaBIICHBI PIIOM BHIA (2).

Js oOHapyXeHHsS MaKCHMalIbHOTO TOYEYHOI0o

SIPKOCTH TIHKCENed KOoTopou

UMIynbcHOro Imyma B mwmkcene d(§,m) mnposepsieTcs
BBINOJHEHHE YCITOBHS
[fEm=x,]A[(x,-%,0)>T]. (3)

Ecnu ycnoBue (3) BBIMOMHACTCS, TOTAAa CYUTACTCS,
yT0 runotre3a H monTBepauiach

1, if[f(E_,,n) = xn]/\[(xrl -X, ) > T}, @
0, else,

)

u HaOmoznenue f(&,m) =X, HEOOXOAUMO UCKIIIOUHUTH U3

(2) xak HeTHITUYHOE.
s oOHapy>KeHHs: MUHUMAIILHOTO TOUYEYHOTO UM-
mynbcHoro myma B nukcene d(&,m) mpoBepsieTcs BbI-

MOJTHEHHE YCITOBUS
[f(E_,,n):xl]/\[(xz—xl)>T] (5)

Ecnu ycnosue (5) BBIMOMHACTCS, TOTAAa CYUTACTCS,
yT0 runotre3a H monTBepauiach
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1, if[f(E_,,n)=xl]/\[(x2—xl)>T},
0, else,

(6)

u HabmoaeHue f(&,m) =X, HEOOXOIUMO UCKIIOUHUTH U3
(2) xax HetunuyHOoe. Ha3zoBeM ommcaHHBIN MOpPOrOBBIN
kputepuii Th -xputepuem.

2 MpumeHeHMe KpuTepusa naeHTUdnkaunm
rpynnoBoro MMMynbLCHOro wyma

[ox TpynImoBsIM UMIYJABCHBIM IIYMOM OY/EM II0-
HUMaTh CBS3HOE MHOXKECTBO IHUKCENEH IUIOMAAblo S,
s <%, BKCTpEeMaJIbHOE TI0 3aJJAHHOMY KPUTEPHIO.

Hcxoxnst u3 aHanm3a SIPKOCTH M pa3MepoB HaOIIIo-
JTAEMBIX TPYIIIOBBIX IIYMOB Ha HW300paKEHHSX, E€CIIH
CHeLUaIbHO HE OrOBOPEHO MHOE, Oy/IeM I0J1ararth, 4To:

1) nuKcenu rpyrnmnoBOro UMITYJILCHOTO IIyMa, pac-
CMaTpuBaeMble 10 OTAENBHOCTH, SIBISIOTCS HMMITYIIBC-
HBIMH IIIyMaMH 110 OTHOIIEHHIO K HE UMITYJIbCHBIM IIIYy-
MaM B CBOEW OKPECTHOCTHU, YTO MOXET OBITh YCTaHOB-
JICHO ¢ UCTOIb30BaHueM kputepues (3) u (5);

2) wiomiaas S TPYNIOBOIO WMIYJIBCHOTO LIyMa
He npeBbImIaer 3, 1<s<3;

3) rpynIoBod UMITYJIbCHBIN IIYM MOXET OBITH JIO-
Kanu3oBaH B okpectHocTd O, (d(§,m)), mpu € = NG

[Ipeanonoxxum, dYTo B paMKaX OKPECTHOCTH
O, (d(&,m)) 3amaHO cBA3HOE MHOXKECTBO G M3 S IHK-

ceneit. [Toctpoum V2 -oKpecTHOocTh H rpaHuilel MHO-

xkectBa G, u ynamum 3 H mukcenu MHOXKecTBa G .
HaiineM MuHUMambHYIO SAPKOCT X ITHKCENS

MHOXecTBa G M MAaKCHUMAaJbHYIO APKOCTb X, HMHKCEILI

MHOkecTBa H. B Takux ycmoBusix ajist oOHapyKeHUs
MaKCHUMAaJbHOIO TPYHIIOBOTO UMIyJIbCHOro myma G,

JokanusoBaHHOro B okpectHoctH O, (d(§,m)), mpose-
psieTCs BBIMOJHEHHE YCITOBHSI
[xG>xH]/\[(xG—xH)>T] (7N
Ecnu ycnosue (7) BBIMOMHACTCS, TOTAAa CYUTACTCS,
yro runote3a H moarBepaunach

1, if[xG>xH]/\[(xG—xH)>T},
0, else,

H= (8)

U MHOXXeCTBO G HEOOXOIAMMO HCKIIOYUTH M3 OKPECT-
HOCTH KaK HETHUITMYHOE.

Jiss  oOHapyXeHUsI MUHHMAJIBHOTO TPYIIIOBOTO
HMIYIbCHOI'O IIyMa HaleM MaKCUMAaJbHYIO SIPKOCTb
X NHKcensd MHOXKecTBa G, MMHMMAJbHYIO SPKOCTb

X, MHOkecTBa H M IpOBEepUM BBHINOIHEHHE YCIOBUS
[xG<xH]/\[(xH—xG)>T] 9)

Ecnu ycnoue (9) BBIMOMHACTCS, TOTAAa CYUTACTCS,
yT0 runore3a H monTBepauiach

1, if[xG<xH]/\[(xH—xG)>T},
0, else,

(10)

u MHOXXeCTBO G HEOOXOIMMO HCKIIOYUTH M3 OKPECT-
HOCTH Kak HetunuyHoe. Ha3zoBeM ommcaHHBIN mOporo-
BbIii kputepuii Ths-kpurepuem.

3 YHUdMLUMpOBaHHbLIN MeTOA UCKITHOYEHUA
MMNYJIbCHOrO LWyMa

)1_]'[)1 BO3MOXHOCTH IIPUMCEHCHUA TMPCATOKCHHBIX
BBIIIC KPUTCPUEB MPCAIaracTcs cnez[yfomm‘/i yHI/I(l)I/IHI/I-
pOBaHHHﬁ METO UCKITFOUCHUA UMITYJIbCHOT'O IITyMa.

YHI/I(l)I/IHI/IpOBaHHHﬁ METO HUCKIHYCHHUA OJHUHOY-
HbIX W I'PpYHNIIOBBIX MMITYJIbCHBIX HIYMOB IUIOMIA/IbIO S ,

JIOKanu30BaHHBIX B okpecTHocTH O, (d(§,Mm)), €= V2 ,

CIIOWANBIO S, , S 5 =9, s<s*<s_ (Ths-meron).

-

Ecmn mukcens d(§,m) BXOIHOIO H300paskeHUS
OTMEUeH KaK UCKIIOUEHHBIH, epexo] k mary 7. B mpo-
TUBHOM CIIy4ae CTPOMTCS YHOpPSIOYEHHBIN 1O BO3pac-
TaHUIO pAd  SIpKOCTeH  IHKCelel  OKpPecTHOCTH
O,(d(&,n)) Buna (2).

Iran 1. MckitoueHne MakCUMaJIbHOTO UMITYJIbC-
HOT'0 IIyMa.

Hlar 1. MHoxectBo G (opMuUpyeTcs U3 TaKuUX

nukceneit okpectHoctu O, (d(&,1)), APKOCTH KOTOPBIX
He Hwke spkoctu f(&,m), onpenensercs miomanb s
MHOecTBa G .

[ar 2. Ecnu BeIONHSETCS yCaoBUE s < s*, Tor/a
nepexo K mary 3, a uHaye — k miary 4.

[lar 3. Omnpegpensercs MUHUMaJbHas SPKOCTh
X, =X

nukcens G; crpoutcd MHoxectBo H u

G n—s+l

OIpEeACIACTCA MaKCUMaJIbHAA SIPKOCTb X IHUKCEIIA H.

Ecnu Bemonusercs ycnorue (7), TOra MHKCETH
MHOXecTBa G OTMevaloTcs KaK HCKIIouaeMble, Irepe-
XoJ K mary 7. MiHaue nepexoa k mary 4.

Ortan 2. VckinoyeHne MHUHUMAIbHOTO HMMITYJbC-
HOT'0 IIyMa.

Hlar 4. MHoxectBo G (opMuUpyeTcs U3 TaKuUX

nukceneit okpectHoctu O, (d(&,1)), APKOCTH KOTOPBIX
He Bbire spkoctu f(§,m), ompenensercs IIomanb S
MHOXecTBa G .

Hlar 5. Ecnu BeIONHAETCS OrpaHUYeHue s <s*,
TOT/a Mepexoy K mary 6, a iHade — K mary 7.

[lar 6. Ompenensercd MaKCHUMajbHas SIPKOCTh
X, =X

nukcenss G; cTpoutcs MHOoxectBo H u

G 1+s-1

ONpeACIACTCA MUHUMAJIbHAA SIPKOCTh X IHUKCEIIA H.

Ecnu Bemonusercs ycnorue (9), Toriaa MHUKCETH
MHOXecTBa G OTMEUAIOTCs KaK MCKII0YaeMbIe.

[ar 7. Konerr.

IMocne npumenenust Ths -MeToaa KOOPJMHATHI HC-
KIIOYCHHBIX COXPAHSIOTCSA, @ CAMU UCKIIFOYCHHBIC TTHK-
CeNli OTMEYAIOTCS YIS TOrO, YTOOBI HE MPOBOIUTH IIO-
BTOPHBIX UCKJTFOUCHHH.

4 AHanus achceKTuBHOCTHU
npumeHeHus Ths-metoaa

Hcnons3oBanue MPEATOKCHHOT' O Ths -METoda I10-
3BOJIACT PCHIUTH Hp06neMy HCAJICKBATHOI'O Crjla>KuBa-
HUA OAWMHOYHOI'O MW I'pynmoBOro MMITYJIbCHOI'O HIyMma,
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0COOCHHO aKTYaJbHYIO Ui OOECICUCHHs YCTOHUMBOM
CerMEHTalUN M300paXKeHuit 00beKTOB Ha cHUMKe. Of-
HaKO NMPHUMEHSATH 3TOT METOA, B TOM YHCIIE, JUII MUHH-
MHU3AIMK OOLIEH TPYJOEMKOCTH (UIBTpAlMU IyMa,
HUMEET CMBICIT U30MPaTEeNbHO, JIUIIb IS HEOAHOPOIHBIX
(parMeHTOB BXOIHOTO H300paKEHHs, OTBEYAIOIINX
3HAYMMO 3aIIYMJICHHONW OKPECTHOCTH N300paKEeHHUSI.

B cBsi3u ¢ HEOOX0qUMOCTHIO COPTUPOBKH psina (1)
U TIOCTPOEHHSI YIOPSAOUEHHOro psina (2) Tpymoem-
KOCTh TIPUMEHEHHS OMNHMCAaHHBIX BBIIIE KPUTEPUEB U
METOZIOB IO MOPSAJKY BEIUYMHBI OIICHUBAETCS BETUYU-
HOM T(n)=n2 ornepanuil CpaBHEHHsI, MOCKOJBKY IS
COPTHUPOBKH BBIOOPOK MaJIOr'0 pazMepa yaile BCEero Uc-
MoNB3yeTcsl my3bIpbKoBast coptupoBka [10]. Takum 00-
pasom, st BO3MOXHOCTH 3()(HEKTHBHOIO HUCKITIOYECHHS
HUMITYJIbCHOT'O IIyMa aKTyaJbHOW SIBJSIETCS pa3paboTKa
3¢ PEKTUBHOTO KpUTEpUsT UASHTU(DHUKAINK HEOJHOPOI-
HOHM OKPECTHOCTH BXOIHOT'O H300paKEeHHsL.

5 Kputepun ngeHtudumkaumm
HeoAHOPOAHOW 06nacTn n3obpaxeHus

Jnss oOHapyXeHUsl HEOAHOPOJHOW OKPECTHOCTH
BXOJIHOTO HM300paKeHHUs IIpeIyIaraercsi HMCIOIb30BaTh
crenyoIMi Kpurepuit naenTudukanmu. [lomyaum pac-
npenenenue Buzaa (1) s pucnepcuil X, =G, BO BCeX
TIOJIOXKEHUSIX Macku (pUIIbTpa Ha n3obpaxennu. Haiinem
OLIEHKHM MAaTeMaTHYEeCKOTr0 OXHIAHHUS Mg U JUCHEPCHU

2
s. psana (1). Bynem monarats, 4To 3Ha4€HUs AUCIEPCHU

B psany (1) 3HAYMMO YKJIOHSIOTCS OT CPEIHErO My, CCIIH
BBITIONTHACTCS K-G-KpuTepHil Buaa

(x;—-mg)>kg-sg-

(11)
CoOTBETCTBEHHO, TIpH (UIBTPAMK LIyMa HEOJ-
HOPOIHBIMH OyJeM CUYMTaTh TOJIBKO TAaKHUE OKPECTHO-
CTH, U KOTOPBIX BhINONHseTCs kputepui (11); nHaue
OyneM rmojarath, 4TO paclpeneieHne IPKOCTH B OKpe-
CTHOCTH JIEUCTBHS (PUIBTPA SBIISETCS OHOPOIHBIM.

[Mpumenenne kpurepust (24) npuBeneT K WACHTH-
(UK OKPECTHOCTEH C MMITYJbCHBIM LTYMOM, a TaK-
K€ OKPECTHOCTEH CO CpeIHUM BBICOKMM YPOBHEM 3a-
UIYMJIEHUSI U OKPECTHOCTEH CO 3HAYMMBIM IIE€penagoM
SIPKOCTH, PacIOJIOKEHHBIX Ha IpaHHIe oObekTa ¢ ¢o-
HOM. Y)Ke B JalbHEHIIeM HeoOXO0muMo OyIeT KiIacCu-
(UIUPOBATH TUIT OKPECTHOCTH, MACHTH(UIMPOBAHHON
no kputeputo (24), ¢ LENbI0 NPUHATHA aJEKBATHOTO
pelieHus 0 TMPUMEHEHHH TOro, WJIM WHOTO METoja
(UIBTPaUK B 3TON OKPECTHOCTH.

[pu penienyy OONBIIMHCTBA MPAKTUYECKHUX 33124
YHCIIO TIOJIOXKEHUH Macku (UiIbTpa ¢ HEOJHOPOIHBIM
pacripe/ielieHHeM SIPKOCTH, HICHTH(UIIMPOBAHHBIX I10
kputepuro (11), MUHMMYM Ha [Ba TOpSJKAa MEHbIIE
yycia MOJIOKEHUH Macku ¢ OIHOPOJHBIM paclpesesne-
HueM sipkoctH. [Ipumenenune kpurepus (11) mist ogHOrO
TIOJIOXKEHHSI MAacKH (UIbTpa TpeOYeT IO IOPSAKY Bell-
yuael T(n) =2-n omepauuii cpaBHeHHs. B Takux yc-

JIOBUAX TPYAOCMKOCTb HNPHUMCHCHUA ThS-METOI[a o

MOpAAKY BCINYHNHBI 6yI[6T YMCHBIICHA C YPOBHA

T(n)=n” no yposHs T(n)=2-n+n’/100 onepauwmit
CpaBHEHHUS JUIS OJHOTO IHMKCENS H300pakeHWs, TIJe
n=9. Takum oOpa3oM, cpemHsIs TPYIOEMKOCTh MpHU-
MeHeHus: Ths -MeToma Tocie NPUMEHEHHS KPUTCPHUS
(11) a1 OHOTO MOJIOKEHHS MACKU (PHUIBTPa MOTPeOyeT
IO TIOPSAIKY BETMYMHBEI 2N ONepanuii CpaBHEHUS.

BbiBOoAabI

Ha ocHOBe ucnons30BaHus HauOOJIee H3BECTHRIX
XOpOIIO H3YYEHHBIX JIETEPMHUHHUPOBAHHBIX KPHTEPHEB
UCKITIOUEHHs DKCTPEMANbHBIX HaOMIoJeHuid, B pabore
MPEIIOKEHB COOTBETCTBYIONIHE KPUTEPHH W YHU(H-
[UPOBAHHBIA METOA MCKIIOUEHUS OJMHOYHBIX M TPYII-
MOBBIX UMIIYJIBCHBIX IITYMOB H300PayKEHUS.

[IpuMeHeHrE TPEATIOKEHHOTO METOJA IO3BOJIAT
3¢ GeKTHBHO MACHTU(UIMPOBATh U HUCKIIOYATh M3 OK-
PECTHOCTH AEUCTBUS (UIBTPA OAMHOYHBIE M TPYIIIO-
BBIC MMITYJIbCHBIC IIYMBI, YTO OOCCIICYUBACT BO3MOXK-
HOCTh  aJCKBAaTHOTO MPUMEHCHHS CIJIaKHUBAIOIINX
(WIBTPOB UMITYJILCHOT'O IIIYMa.

B cBoro ouepenp, aJeKBaTHOE CIIIAKUBAHHE HM-
MyJIBCHOTO IIyMa, MO3BOJSIET o0ecredyuTh IPQEeKTUB-
HOCTh TIPUMEHCHHUS METOIOB CETMEHTAIIMH H300paske-
HHUI 00BEKTOB Ha CHUMKE.
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NOBYAOBA YHI®IKOBAHOIO METOAY BUKNIOYEHHA IMITYNIbCHOIO LLUYMY
AnA 3ABE3NEYEHHA AOEKBATHOCTI 3ACTOCYBAHHA
NMPOCTOPOBUX ®IJIbTPIB LUYMY 30BPAXXEHb

K.C. Cmensxos, 1.B. Pyban, O.B. Bononaxko, C.B. OcieBchkuit
YV cmammi npononyemvcsi yHiikosanuil 0emepmiHO8aHULl MenOoO GUKIIOYEHHS. OOUHOUHUX [ 2DYROBUX EKCMPEMALbHUX
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A MULTI-PURPOSE METHOD FOR EXCLUDING PULSE NOISE
WHICH PROVIDES ADEQUATE APPLICATION OF IMAGE NOISE SPATIAL FILTERS

K.S. Smelyakov, L.V. Ruban, O.V. Vodolazhko, S.V. Osievskey

A multi-purpose deterministic method is proposed for excluding singular and multiple outliers describing a pulse noise. It
provides adequate smoothing of pulse noise for both the bounds and the interior of object images.
Keywords: image, pulse noise, filter, mask, vicinity.
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