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CopaepxaHue goknaga

¢ BBegeHune

¢ LMMSE

¢ NLM

< 3D filtering

¢ BLS-GSM

¢ Steering Kernel

¢ ATPMF

¢ Alpha-trimmed mean filter
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Denoising:
e Spatial
e Temporal
Buabl wyma:

e benbin (rayccoBckui)
e /IMNynbCHbIN
e Film grain

CS MSU Graphics & Media Lab (Video Group) 3
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¢ BBepgeHue
¢ LMMSE

e [lpocTon anropntm
e YTOYHeHMe cpedHero
e Y4eT HecTaTU4YeCcKOU Koppenaunm

¢ NLM

¢ 3D filtering

¢ BLS-GSM

¢ Steering Kernel

& ATPMF

¢ Alpha-trimmed mean filter

CS MSU Graphics & Media Lab (Video Group) 4



& \ ! -7|

LLMMSE — npoctoit L O); ©
anro 1 -
putm ==

Local linear minimum mean-square-error filter.
YnpolieHne mogenu.

g="f+n

fMMSE =E(f[Q)
fLMMSE = E(f)+CfC§1[9 —E(9)]

*)

L a
Limmse = 9 T o2 [0-0]

"Spatially Adaptive Denoising Based on Nonstationary Correlation E

CS MSU Graphics & Media Lab (Video Group) Assumption"”, SPIE Optical Engineering, Mar. 2004



LLMI\/ISg" — YTOYHEHMNE ©
OLICHKN P

KauyecTtBO domnbTpa 3aBUCUT OT TOYHOCTU
BbIYMCNEHNSA CPEQHEro U ANCNEPCUMN.

Byoem yunTtbiBaTb XpoMaTU4eCKyto 6nm3ocTb.

o0 D=5 > Y wi, 9k, )

(i, ) =yt 22 2 Wi lg (k. D - 9 i, )T

{Lif!g(i,j)—g(k,l) <T
Wi = 4 ==
©0,if|g(i, j)—g(k, 1) >=T

ki Ihl. Wk

- . g "Spatially Adaptive Denoising Based on Nonstationary Correlation
CSMSU Graphlcs & Media Lab (VldeO Group) Assumption”, SPIE Optical Engineering, Mar. 2004 6
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LLMMSE — 3amevaHus @p’,
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dunbTp pa3mbiBaET rnagkue obnacTtu u
COXPaHSIET rpaHuLIbl U TEKCTYPY.

LLlym okono rpaHuL, He yaansaeTcs.

. - : "Spatially Adaptive Denoising Based on Nonstationary Correlation
CSMSU Graphlcs & Media Lab (VldeO Group) Assumption", SPIE Optical Engineering, Mar. 2004 7
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HECTATUYECKYHIO KOPppENALnto G_JRAPCE::‘:E&}#LAB
dunbTp paboTaeT B npocTpaHcTBe DFT
fLMMSE =E(f)+ CfC;[g —E(9)]
W =W f + (W 'C W)W 'C, W)W (g - g)
N _ S . A
F=G +—— I[Gi_Gi]
Sgi_gi
S — power spectrum Lyma 1 n3obpaxeHus
CS MSU Graphics & Media Lab (Video Group) gepatially AdapA“g’seurag?i‘;ij.i.f‘gsFﬁ??pffcg'%”ﬁ;?;fe”ﬁ%,C,\(,)lgre. i 8
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YacTtoTbl He oTBevaroLle 3a LWymMm He
pasmbiBatoTcd. LLlym okono rpaHuy
nogaendeTcs.

. - : "Spatially Adaptive Denoising Based on Nonstationary Correlation
CSMSU Graphlcs & Media Lab (VldeO Group) Assumption", SPIE Optical Engineering, Mar. 2004 9



LLMMSE - cpaBHeHMe
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LLMMSE WLLMMSE [Mpegnaraembln

- : g "Spatially Adaptive Denoising Based on Nonstationary Correlation
CSMSU Graphlcs & Media Lab (VldeO Group) Assumption”, SPIE Optical Engineering, Mar. 2004 10
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BBeneHue
LMMSE
NLM

e ba3oBbIv anroputm

® YCKOpeHune
¢ lVlcnonb3oBaHne BNOKOB NUKcenewn
¢ OTbpacbiBaHME 3aBEAOMO HEMOXOXNX OKPECTHOCTEN
¢ CpaBHeHMe OKPEeCTHOCTEN TOMbKO B Y-Croe

e BbiBOAbI
3D filtering
BLS-GSM
Steering Kernel
ATPMF
Alpha-trimmed mean filter

CAMATR 2

e 6 ¢ ¢

CS MSU Graphics & Media Lab (Video Group) 11



NLM — ©a30Bbiv
alropmtm ST

Non local means

nes: Boibepem 3Ha4YeHUe KaXaoro nukcensd
Kak cpegHee NMUKCENEN C NMOXOXNUMU
OKPECTHOCTAMM.

v (N (N

NLOO=ZWE V) wi)=Soe

Z(i)=p w(i j)

CS MSU Graphics & Media Lab (Video Group) M Mamoud and 6 Sapiro, “ast im e P S



NLM — 6a3oBbliv
alnropuntm e

[lpumep pacnpeneneHne BeCOB.
CneBa — 00J1aCTh MOMCKA BOKPYT MHKCEIa
CmpaBa — pacrpeieicHIe BECOB I10 3TOM 00JIacTH

NLO)() = > w(i, jvG)

v,
wij=spe
Z(i)=Y i, J

CS MSU G raphiCS & Media Lab (VldeO G roup) M. Mahmoudi and G. Sapiro. “Fast image and video denoising via n

on-
local means of similar neighborhoods.”, IEEE, Dec. 2005

18



M - pesynbTar

CS MSU Graphics & Media Lab (Video Group)

GRAPHICS & MEDIA LAB
VIDEO GROUP

(o
n‘ \ ‘”\'\;c//)

M. Mahmoudi and G. Sapiro. “Fast image and video denoising via non-
local means of similar neighborhoods.”, IEEE, Dec. 2005

ki lhl Hei
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NLM — yckopeHue 1

GRAPHICS & MEDIA LAB
VIDEO GROUP

T.K. OKPEeCTHOCTUN COCeaHMX NUKCENEN
OTNn4atoTCa Mano, 0yaem BblYNCNATb

BECOBOWN KOO MULIMEHT cpasy And
rpynnbl NUKcenen.

He3HauynTenbHoOe nageHue KayecTBa.
3Ha4YUTENIbHOE YBEeNnmMyYeHne CKOPOCTH.

CS MSU Graphics & Media Lab (Video Group) M Mahmoud and 6. Sapivo.Hast e g S
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NLM — yckopeHue 1
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CpaBHeHUe pe3ynbTaToB hunbTpaumum ¢ bnokamm
Pa3MIMYHbIX pa3mMepoB.

i A. 3 "{:\v I v A

|n | hl 1M

- : : M. Mahmoudi and G. Sapiro. “Fast image and video denoising via non-
CSMsSU Graphlcs & Media Lab (VldeO Group) local means of similar neighborhoods.”, IEEE, Dec. 2005 16



NLM — yckopeHune 2
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bonbLiyto YacTb BpEMEHU 3aHMMaET
BbluncrnenHne MSE. OTbpocum nmkcenu c
3aBeJOMO HEMOXOXNUMUN OKPECTHOCTAMM.

OTCcevyeHmne MOXHO NPoBOAUTb MO:
e CpeaHsaa APKOCTb
e CpegHee HanpaBneHne rpagneHTa

Bo3MOXXHO gaxke ynydlleHne KadecTsa.

M. Mahmoudi and G. Sapiro. “Fast image and video denoising via n

CSMsSU GraphiCS & Media Lab (VldeO GfOUp) local means of similar neighborhoods.”, IEEE, Dec. 2(3)(;15_ 17
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NLM — yckopeHune 3

BecoBble KOAMPULIMEHTLI MOXHO
BbIYMCNATL TOMbLKO NO Y-LUBETOBbLIM
KOMMOHEHTAaM.

CS MSU Graphics & Media Lab (Video Group) M Memoudiand @ Sapiro. ast e P
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CopmepkaHne foknaga s
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¢ BBepgeHue
¢ LMMSE
¢ NLM

¢ 3D filtering

Npes

Block matching
Hard-thresholding
Final estimate
3amevyaHusd

¢ BLS-GSM
¢ Steering Kernel
¢ ATPMF

CS MSU Graphics & Media Lab (Video Group) 19
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3D filt :ring - noes
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VIDEO GROUP

ObbeanHeHne MeToaoB CKOMb3dLLUEero
OKHa N COOTBETCTBUA DJTOKOB.

Denoising in
3D transform

= domain g

- : g “Image denoising with block-matching and 3D filtering”, Proc. SPIE
CS MSU Graphlcs & Media Lab (VldeO Group) Electronic Imaging: Algorithms and Systems V, 2006 20
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3D filtering — block matching @
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[ns kaxgoro obpabaTeiBaeMoro 6yioka Hangem NoxXoXXne Ha Hero.
Mepa noxoxxecTtu onpegensaercsa opmyron:

d(Z,,,Z,,) = Nl_lHY(TZD(le)’ Ainean) = Y (Tpp(Z2), /1thr2D)H2
A, ewm‘/l‘ > lthrZDa\/Z log(N;)

0,unaue

Y(/I’ /’z‘thrZD) 3 {

S, ={xeX|d(Z, ,Z,) <7}
T,p — Hekoe 2D npeobpasosaHue. Hanpumep DCT, DFT unu DWT.

- : o “Image denoising with block-matching and 3D filtering”, Proc. SPIE
CSMsSU Graphlcs & Media Lab (VldeO Group) Electronic Imaging: Algorithms and Systems V, 2006 L.



3D filtering — block matching

GRAPHICS & MEDIA LAB
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[Tpmep HaxoXaeHnsa BNokKoB

L...ﬂlh il

- = o “Image denoising with block-matching and 3D filtering”, Proc. SPIE
CS MSU Graphlcs & Media Lab (VldeO Group) Electronic Imaging: Algorithms and Systems V, 2006 22



3D filtering —
hard-thresholding GRarICSS o o

HanpgeHHble Ha npeablayLwem ware 6510KM CNOXMM C CTOMKY U
OTPUNLTPYEM B KakoM-HMBYaAb 3D npocTpaHCcTBe
npeobpa3oBaHus.

YASXR = 3_Dl(Y(T3D(ZSXR)’ﬂ“thr3D))
=
a)XR = har

1

>

har

\

Zs, . — CTOMnKa BNOKOB NOXOXNX HA AAHHLIN
Wyr — BECOBOW KOS PULUMEHT ona gaHHoro reference dnoka
N, . — KONIMYECTBO HEHYNEBbLIX KO3 PULIMEHTOB nocne T,y

- : o “Image denoising with block-matching and 3D filtering”, Proc. SPIE
CSMsSU Graphlcs & Media Lab (VldeO Group) Electronic Imaging: Algorithms and Systems V, 2006 23
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3D filtering — final estimate @
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Pe3ynbrart nonyyaeTca Kak B3BeELLEHHOe cpedHee
610KOB BXOOALLMX B CTOMKM OS5I BCEBO3MOXHbIX
reference 6nokos..

ZXREX Zx €Syq C() YXR (X)
ZXREX ZX eS7H 2 ><Xm (X)

Xy~ 1, ecnu X npuHaanexur bnoky x.,. MHaue 0.

y(X) =

- : o “Image denoising with block-matching and 3D filtering”, Proc. SPIE
CSMsSU Graphlcs & Media Lab (VldeO Group) Electronic Imaging: Algorithms and Systems V, 2006 24



3D filtering — cxema

J GRAPHICS & MEDIA LAB

’4 '4 VIDEO GROUP

Noisy image :

/’j Block-matching

h 4

| Variance ! Is
Loctimation M 9] W. . 5D
estimation : win

Ls,

ebuff 1 Denoising in
whuff % ' [ Wag 3D transform -
: domain =
*- 5
ebuff | N

Estimate image

- = o “Image denoising with block-matching and 3D filtering”, Proc. SPIE
CS MSU Graphlcs & Media Lab (VldeO Group) Electronic Imaging: Algorithms and Systems V, 2006 25
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3D filtering - 3ame4yaHus @
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[1na yckopeHna MOXHO:
e OrpaHn4unTb 0biacTb Nouncka
e OrpaHn4nTb Konn4vecTBo 2D BfIOKOB B CTOlMKE
e /lcnonb3oBaTb War bonbLlero pasmepa

3asBrieHHas CKOPOCTb: 8 ceKkyHa AN n3odpaxxeHus
256x256 Ha 3GHz Pentium

- : o “Image denoising with block-matching and 3D filtering”, Proc. SPIE
CSMsSU Graphlcs & Media Lab (VldeO Group) Electronic Imaging: Algorithms and Systems V, 2006 26
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I.mlhh I

- = o “Image denoising with block-matching and 3D filtering”, Proc. SPIE
CS MSU Graphlcs & Media Lab (VldeO Group) Electronic Imaging: Algorithms and Systems V, 2006 21
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3D filtering — pe3ynbTaThl
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NcxopnHoe Noise (o = 35) Pesynbrar

- = o “Image denoising with block-matching and 3D filtering”, Proc. SPIE
CS MSU Graphlcs & Media Lab (VldeO Group) Electronic Imaging: Algorithms and Systems V, 2006 23
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70 Wy g s g Ry T e - 7
////////! ! % : i i
%//; //ﬁ [ : \ o .. e b

-n\\\\\\\:\:\\\ NN

NcxoaHoe

Noise (o = 100) Pesynerat ,

CS MSU G raphiCS & Media Lab (VldeO G roup) “Image denoising with block-matching and 3D filtering”, Proc. SPIE

Electronic Imaging: Algorithms and Systems V, 2006 29



o N2

SN N
CopmepkaHne foknaga s

GRAPHICS & MEDIA LAB
VIDEO GROUP

BBeneHue
LLMSE

NLM

3D filtering
BLS — GSM

e llpoes

e dopmynbl
e Anroputm
e PesynbTathl

Steering Kernel
ATPMF
Alpha-trimmed mean filter

€. 0US ¢

A, 7

CS MSU Graphics & Media Lab (Video Group) 30
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BLS-GSM - noes @

GRAPHICS & MEDIA LAB
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[lepenaem B HEKOTOPOE BEUBIET MPOCTPAHCTBO.

[nsa kaxxporo koagpuumeHTa X, Bbibepem ero
OKPECTHOCTb X.

Hanpgem 3HavyeHue X. Kak Hanbonee BeposaTHOE B
HabrtogaeMoM KOHTEKCTE Y.

. - : "Two-level adaptive denoising using Gaussian scale mixtures in
CSMsSU Graphlcs & Media Lab (VldeO Group) overcomplete oriented pyramids," in Proc. of IEEE, Sep 2005. 31
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Gaussian scale mixtures:

Y =X+W=~/ZU+W

Bayes least squares estimate:

R, = E{x | y3=[%.p(x, | Y)dx, =...= [ p(z] y)E{x, | v, }dz

: : i "Two-level adaptive denoising using Gaussian scale mixtures in
CS MSU Graphlcs & Media Lab (VldeO Group) overcomplete oriented pyramids," in Proc. of IEEE, Sep 2005. 32
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E{x. | 3= [ p(z| Y)E{x | v, Z}0z

E{x|y,z}=12C,(zC, +C,) "y
y=~zu+w (1Y) = [ p(y12)p, (2)d2
C, =E{z}C, +C, 0

Cy = Cy —Cu C,.=2C,+C,=:2C +(1-2)C,

eXp (_yTCy|z_1y/ 2)

p(ylz) =

(272') y|z

. - : "Two-level adaptive denoising using Gaussian scale mixtures in
CSMsSU Graphlcs & Media Lab (VldeO Group) overcomplete oriented pyramids," in Proc. of IEEE, Sep 2005. 33
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BLS-GSM - anroputwm

¢ CoBepluunTb Npeobpa3oBaHue
¢ [Insg kaxgom nnockocTu
e Bbwncnuts C,,, C, C,
e [lnsa KaXkgom OKPeCTHOCTH
< [1ns Bcex z n3 obnactn MHTErpMpoBaHns
— Bbluncnnts E{x.|y,z}
— Bblancnnte p(y|z)
¢ Bbluncnutb p(z|y)
¢ Bbiumcnntb E{x |y}
¢ BocctaHoBuUTb n3obpaxeHue
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GRAPHICS & MEDIA LAB
VIDEO GROUP

. - : "Two-level adaptive denoising using Gaussian scale mixtures in
CSMsSU Graphlcs & Media Lab (VldeO Group) overcomplete oriented pyramids," in Proc. of IEEE, Sep 2005. 34
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g . : "Two-level adaptive denoising using Gaussian scale mixtures in
CS MSU Graphlcs & Media Lab (VldeO GFOUD) overcomplete oriented pyramids," in Proc. of IEEE, Sep 2005. 35



BLS—GSM - pesynbTarhbl

CS MSU Graphics & Media Lab (Video Group)

"Two-level adaptive denoising using Gaussian scale mixtures in 36
overcomplete oriented pyramids,” in Proc. of IEEE, Sep 2005.

ki lhl Hei



BLS-GSM - pe3ynbTtaThl o=

NcxopHoe Pesynbrar

g ) : "Two-level adaptive denoising using Gaussian scale mixtures in
CS MSU Graphics & Media Lab (Video Group) overcomplete oriented pyramids,” in Proc. of IEEE, Sep 2005. 37
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BLS-GSM - yTo4HEHMe @

GRAPHICS & MEDIA LAB
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B anropntmMe MOXHO UCMONb30BaTh HECKOMBbKO Pa3riMyHbIX
BEMBMET-NPOCTPAHCTB, U NOMNYYEeHHbIE B HNX pe3ynbTaThl
yCPEeOHATH.

: : i "Two-level adaptive denoising using Gaussian scale mixtures in
CS MSU Graph|cs & Media Lab (VldeO Group) overcomplete oriented pyramids," in Proc. of IEEE, Sep 2005. 38
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¢ BBegeHune
¢ LMMSE

¢ NLM

¢ 3D filtering
¢ BLS-GSM

¢ Steering Kernel
e /nes
e MaTpuua
e PesynbTaTt

¢ ATPMF

CS MSU Graphics & Media Lab (Video Group) 39
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Steering Kernel - nges @p,

GRAPHICS & MEDIA LAB
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PactaHem agpo
dounbTpa TakK, YToobI
pasmbiTHE
NpOonCXoanno BAONb
rpaHuL,.

Fig. 1. Standard kernels (left) and steering kernels along a local edge (right).

CSMSU G raphiCS & Media Lab (VldeO G roup) “Image Denoising by Adaptive Kernel Regression”, Slgrée;l;;slj};sét;mzsozrgd 40
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Steering Kernel — matpuua @

GRAPHICS & MEDIA LAB
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I<adapt(xi =X Y — y) =7 K(Hl_lt)

det(H;)

Al =l

K —agpo dounetpa

H, — Hanpasngawowasa maTpuua

[Tpumep (rayccuaH):

_Jdet(C)) (xi—x)" C; (x;—X)
Kadapt(xi — A y) 2 exp{_ N2 }

CSMSU G raphics & Media Lab (VldeO G roup) “Image Denoising by Adaptive Kernel Regression”, Slgrézg;;su);ztrzmzsozrlsd 41



Steering Kernel - maTtpuua @p,
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XopoLwunm Beibopom C; ABnsieTcs:

C :7/iU9iAiUeTri’

cosg  —siné, o 0
UH- = . ’Ai " o &
B (—sind.  coSiE 0 feg

AT
|- [ ",I a

// \ |I |
! \ A | Ly
I. ] i k

I : =
\ e |I I||E

Il'-. I

oy
Elongate Rotate Scale

CS MSU G raphiCS & Media Lab (VldeO G roup) Image Denoising by Adaptive Kernel Regression”, Slgréa;l;;slﬁsét;mzsozng 42
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Steering Kernel - maTtpuua @
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Buibop napameTpoB. CUHIynspHoe pasnoxeHne matpuubl
rpagmMeHToB.

G': le(xj) ZXZ(XJ‘) :UiSiViT

6, = arctan(:)

_ Ss+A
i sy +A

n 1
$1S,+4" \3

7 = (3R
[V1,V5]"T — DOMWHAHTHOE HanpaBneHne rpagueHTa

Sq, S, — 9HEPINA No OCHOBHbLIM HamnpaBii€HUAM

CS MSU G raph ics & Media Lab (VldeO G roup) “Image Denoising by Adaptive Kernel Regression”, Slgrézg;su);ztrzmzsozrlsd 43
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CBepTKy MO>XHO NMOBTOPATb HECKOJIbKO pPas. FIpM ITOM
TOYHOCTb BbIHUCIIEHUA TPaAANUEHTA BO3PaCTaET.
Nois;?-' data Initial | Smoothting Hgn;' . Stee‘.n'ng Ifagu;'
y Gradient Est. | Matrix Est. “|Kernel Reg. :(0)

(a) Initialization

“ () . (u+41) . a f )
3, Smoothing H """ | Steering :3'iU+1,'

2 (u) Matrix Est. "|Kernel Reg. 2 (u+1)

(b) Iteration

CS MSU G raphiCS & Media Lab (VldeO G roup) “Image Denoising by Adaptive Kernel Regression”, Slgréa;l;;slﬁsét;mzsoznsd 44



Steerin rnel
pe3ynbTaThl e

[Mpnmepbl doopm A4pa

N H [BE

Strong edge ~omer Flat Strong edge Corner

Texture . V 4 ) Weak edge Weak edge

(a) Noiseless case (b) Noisy case (SNR = 5.64[dB])

CS MSU G raphiCS & Media Lab (VldeO G roup) “Image Denoising by Adaptive Kernel Regression”, Slgrée;l;;slﬁsétresmzsozr? 45



Steering Kernel -
pesynbTaThl i ra

L...ﬂlh il

oisy 0=25 BLS-GSM Steering kernel N=2

CS MSU Graphics & Medl a Lab (VldeO Group) “Image Denoising by Adaptive Kernel Regression”, Slgl(l;)lz,] pSu};sétl:cszsoeanc? 46



Steering’?—ernel -

pes3ynbTaThl

BLS-GSM Steering kernel N=2

CS MSU G raphiCS & Media Lab (VldeO G roup) Image Denoising by Adaptive Kernel Regression”, Slgrgg;slﬁit;m;o%: 47
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Original BLS-GSM Steering kernel N=2

CS MSU Graphics & Media Lab (VldeO Group) Image Denoising by Adaptive Kernel Regression”, Slgrée;l;;slﬁsétresmzsozr? 48



Steering Kernel -
pe3yn bTaT bl GRAPc:gic;&::gJ.: LAB

YOoaneHHbIn Wwym

BLS-GSM Steering kernel N=2

CS MSU Graphics & Media Lab (Video Group) — 'mage Denoising by Adaptive Kernel Regression™. S‘gg;’]suytfémsoﬁgd 49
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BBegeHue

LMMSE

NLM

3D filtering
BLS-GSM

Steering Kernel
ATPMF
AMNynbCHBIW WyM
Bugbl punstpos
[Mpumepbl oLMBOK
Npes

Anroputm
Pe3ynbTaThl

¢ Alpha-trimmed mean filter

&6 6. 6.6 06, ¢

CS MSU Graphics & Media Lab (Video Group) 50
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MeaouaHHaga punbTpaumsa ucnosb3yeTcs ans
nogaBfieHNs UMMYMbCHOro LWyMma.

‘E o0 »
R

Us Upos: 7 Uamp

S+U

X
[

h.lhh il

: : i “Adaptive Two-Pass Rank Order Filter to Remove Impulse Noise in
CSMSUG raphICS & Media Lab (VldeO G rOUp) Highly Corrupted Images”, IEEE Trans Image Process. Feb. 2004 51
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Moaundukaunu.
¢ Standard
& CWMF
& ACWMF
¢ LUM
¢ SD-ROM

Bce oHu owumnbarorcs.

: : i “Adaptive Two-Pass Rank Order Filter to Remove Impulse Noise in
CSMSUG raphICS & Media Lab (VldeO G roup) Highly Corrupted Images”, IEEE Trans Image Process. Feb. 2004 52
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X=S+U
Y = MF(X)
1. lNpomaxu
2. JloxxHaa TpeBora
1 5 5 5 1 I 55 5 1
115 11 11511
X=|1 151 1l Y=|1 1111
115 11 11511
1 5 5 5 1 I 55 5 1
3. CBepxucnpasneHue
00000 1 55 5 1 155 5 1 =
00000 11511 115 11
U=loo2 00l X=|1 1711} Y=|1 1 111
0000 0 115 11 115 11
0000 0 1 55 5 1 1 55 5 1
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[lpocTpaHCTBEHHOE pacnpegeneHne wyma
M3BECTHO 3apaHee.

[locne npumeHeHUa megnaHHoro punbTpa
(nobdoro) BOCCTaHOBUTL JTINLLIHME MUKCENN U
OTOUNLTPOBATL €eLle pas.

[Tpnmep:
3awymneHHocmb = 25%. M3 8 nukceneu ¢gburibmp

ucnpasusn 3. 3Hadyum 1 ucripasrieH owubo4yHo.
BoccmaHoeuMm eeo.
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&K kaxkgomy nukcento NpuMeHnTb PUNbTP.
¢/[1na kaxxgoro ctondbua
e BbisBUTb M3MEHEHHbIE NUKCENN
e Ecnun nx konnyecTBo oTnM4aeTcsa oT oXmagaemoro donblie Yyem K
¢ Bbluncnutb Konmn4ecTBo NULLHMX nukcenen N
¢ BocctaHoButb N nukcenen, Handonee 6GNU3KUX K MCXOOHbIM
&[lpuMeHnTb DUNLTP KO BCEM MUKCENSIM KPOME BOCCTAHOBIEHHbIX

: : i “Adaptive Two-Pass Rank Order Filter to Remove Impulse Noise in
CSMSUG raphICS & Media Lab (VldeO G roup) Highly Corrupted Images”, IEEE Trans Image Process. Feb. 2004 55



ATPMF — pe3ynbTtar

GRAPHICS & MEDIA LAB
VIDEO GROUP

h.lhh il

Median(3x3) ATPMF

: : i “Adaptive Two-Pass Rank Order Filter to Remove Impulse Noise in
CSMSUG raphICS & Media Lab (VldeO G rOUp) Highly Corrupted Images”, IEEE Trans Image Process. Feb. 2004 56



GRAPHICS & MEDIA LAB
VIDEO GROUP

|~ b . . - o v
’ :
S
5 - - » el od T
> t
o AN s
ARy i R

Noisy (35%) Median(3x3)

: : i “Adaptive Two-Pass Rank Order Filter to Remove Impulse Noise in
CSMsSU GraphICS & Media Lab (Vldeo G rOUp) Highly Corrupted Images”, IEEE Trans Image Process. Feb. 2004 57



o N2

SN N
CopmepkaHne foknaga s

GRAPHICS & MEDIA LAB
VIDEO GROUP

BBegeHue
LMMSE

NLM

3D filtering
BLS-GSM
Steering Kernel
ATPMF

Alpha-trimmed mean filter
e CIIOXHbIN WYyM
e llnes
e Bbibop napameTpa
¢ MeToa 1

¢ MeTtopn 2
¢ MeTog 3

e PesynbTaThl

L0, 6. 016 6 ¢
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Tsxkenbin crny4dan.

VHorga wym aBnaeTcs CMecChblo
rayCCOBCKOIo 1 UMMNYJIbCHOrO.
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Cwmecb ycpeaHstoLwero u megmMaHHoro dounbTpoB.
n—[an]
Y. . .
M, (i, @) =g 2 % ()
j=[an]+1

X (1) — N1Kkcenu 13 oKpeCTHOCTU, YNOPSAOYEHHbIE MO SPKOCTY

Takum obpasom:
y(i,0) — ycpegHeHue,
y(1,0.5) — megmaHa.

OcCHOBHas CNOXHOCTb ANSA AaHHOro hunsTpa — BbIOOP NapameTpa.
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Bynem cMoTpeTb 3Ha4YeHust napameTpa no Tabnuue.

(m'(0.50):0<H,(y) <,
m'(0.25):7, <H,(y) <,

y(i)=1 m(0):z, <H, ()<,
m(0.25): 7, <H.(y) <7,

'm(0.50):7, < H,(y) <o

[lapameTpbl nogduparTca METOAOM Hay4YHOrO ThiKa.
H; — HekoTopasa ctaTucTuka.

HepocTtaTkmn nogxoaa:
HebonbLoe KonmmyecTBo BO3MOXXHbIX (OYHKLIWA.
MeTon Hay4YHOro Thika — Nioxo.
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y(i) = m(*5)
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[Mpegnaraembln meToq paboTtaeT o4eHb HEDBLICTPO.

o, = (median{1.483* MAD(i) :i =1,2,..M})’

[TorpellHOCTb PEe3KO BO3pacTaeT npu 6onbLumnx
KOfindecTBax MMMNynbCHOro wyma.
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