OueHKa ypoOBHHS
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GRAPHICS & MEDIA LAB
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¢ BBegeHune

¢ Wavelet
e MAD
e MBE
e Trained moments
e CDF

¢ Block-based
e Classic
e Structure-oriented
e Temporal SO

¢ CCblNKu

MSU Graphics & Media Lab (Video Group) /A



BBeneHue

GRAPHICS & MEDIA LAB
VIDEO GROUP

OnpepneneHne ypoBHA LLIyMa TpebyeTcsa ang:
e [logaBneHne wyma
e CxxaTne Bmageo
e CermeHTauus
e OnpeneneHue rpaHuy

[1ns 6onbLUXMHCTBA NPUNOXEHUN KPUTUYHA
TOYHOCTb OLIEHKN, a AN BMOEO elle BaXHa
CKOPOCTb.

MSU Graphics & Media Lab (Video Group) 3



=Y

ey

[MocTaHOBKa 3aJaun

GRAPHICS & MEDIA LAB
VIDEO GROUP

[To BXOOHOMY M300paXkeHnto onpeaennTb YPOBEHL LLIYMA.
[Tonaras, 4Tto Wwym saBnseTcs 6enbiM ¢ HopManbHbIM
pacnpeneneHnem (AWGN), cBegem 3agadvy K
onpenenexHuto a.

1

= e

09

=S p(X) =

0.7 F

aaaq
W —

(L
0.5 f
04 f
03 F
02 F

0.1 b " T

0 il L L " A L L A

MSU Graphics & Media Lab (Video Group) http://en.wikipedia.org/wiki/Normal_distribution 4
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CopaepxaHue goknaga

¢ BBeneHune

¢ Wavelet
e MAD
e VMIBE
e Trained moments
e CDF
e CpaBHEHME

¢ Block-based
¢ Ccblnku

MSU Graphics & Media Lab (Video Group) 5
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M AD= median(| x, —median(x;) |)

[1na Bcex 6/10KOB
N300paxkeHus

soBpamenme nocyntaem MAD wu
NOJSIOXKNUM O
nponopLnoHanbHOU Ux
MeaunaHe.

—» o0 =1.483*median(MAD())

MAD 6noku
MSU Graphics & Media Lab (Video Group)

D.L.Donoho, De-noising by soft-thresholding, IEEE Trans, 1995 6



MAD

GRAPHICS & MEDIA LAB
VIDEO GROUP

T.K. He0bX0AMMO BbLIYUCNATE MegnaHy, MeToj
paboTaeT meaneHHo. Kpome Toro, oH TpebyeTt
OOMNONMHUTENBHYIO NaMSTb.

OOuH N3 camblix YacTo NPMMEeHAEMbIX METOLOB.

CyLluecTBYET HECKOMNbKO MoanduKaumn ans
paboTbl B pa3HbIX NPOCTPaHCTBAX.

MSU Graphics & Media Lab (Video Group) D.L.Donoho, De-noising by soft-thresholding, IEEE Trans, 1995 7
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GRAPHICS & MEDIA LAB
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¢ BBepeHune

¢ \Wavelet
e MAD

e MBE
& Vpes
¢ [locTpoeHne moaenu
¢ MeToa makcumarnbHoro npasgonoaoous
¢ MeToa cooTBETCTBUS MOMEHTOB

e Trained moments
e CDF
e CpaBHeHune

¢ Block-based
¢ Ccblnkn

MSU Graphics & Media Lab (Video Group) 8



MBE

Mﬂ,eﬂ MeToOa GRAPHICS & MEDIA LAB

VIDEO GROUP

[TocTponm Moaernbs 3ayMieHHOro n3obpa)keHus.
icnonb3yem ee Anga OLUeHKU YPOBHSA LWyMa.

¢[locTpoeHne moaenu

¢OueHKa Wyma
e MeToa MakcMmarnbHOro npasgonogoous
e MeToOQ MOMEHTOB

: : : Training methods for image noise level estimation on wavelet
MSU Graphlcs & Media Lab (VldeO GI’OUp) components. EURASIP Journal on Applied Signal Processing, 2004 9
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I_IOCTpoeH ne Mmoaesin GRAPHICS & MEDIA LAB

VIDEO GROUP

[ uctorpamma BenBreTt KoadodpunymMeHTOB
YUCTOro N30DpakeHUs1 NoxoXxa Ha
nariyiaCumaH. lNMpeanonaraemoe pacnpeneneHme

A ~(V2l0,)x|
pimage(x) N Gu{/E €

h.mh I

R : : Training methods for image noise level estimation on wavelet
MSU Graphlcs & Media Lab (VldeO Group) components. EURASIP Journal on Applied Signal Processing, 2004

|
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ﬂOCTpoeHme Mo4deJIn GRAPHICS & MEDIA LAB

VIDEO GROUP

[NocTpoum Mofderb 3aLllyMIIEHHOIO N3obpaXkeHus.

Mopenb pacnpeneneHus Bensner

K03phMLUMEHTOB YNCTOro n3obpaxeHus MAOTHOCTL LyMa
_ 1 (216X el ~x2/(262)
pimage(x) N o, 2 € pnoise(x)  o,2rx €
Mopagenb pacnpeneneHus koaddpuumeHToB |
j 3alWyMNeHHOro U3obpaxeHna |
(ov /0y )
e | V20, o y —(V2/o, x o y
Pimagesnoise(X) = —(e Cerfelr+—=+e “Elie\ - — —
0,2 v v

R : : Training methods for image noise level estimation on wavelet
MSU Graphlcs & Media Lab (VldeO Group) components. EURASIP Journal on Applied Signal Processing, 2004 11
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MeTO,D, MaKCUMaJibHOI O Ipa B,D,OHO,U,O6 NA GRAPHICS & MEDIA LAB

VIDEO GROUP

OnTumanbHOE peLleHne MOXHO NoNy4YnTb METOAO0M
MaKcMMarbHOro npasgonogoodus.

PyHKUMA npaBaonoaobus

\A’ o) = H Pimage (Xi,0)

o(X) = arg max L(x, o)

(o}

AHannUTM4yecKoro pelleHna gaHHagqa 3agadva He
nveet. HYnucneHHoe pelleHne — odeHb MeaneHHo.

i i ; Training methods for image noise level estimation on wavelet
MSU Graphlcs & Media Lab (VldeO GI’OUp) components. EURASIP Journal on Applied Signal Processing, 2004 12
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M eTog MOMEHTOB GRAPHICS & MEDIA LAB

VIDEO GROUP
P. (%) ( 2)_ e 2
M T E(X" |]=m, =0, +0,
4\ _ . D A 2 By -
E(X ) m, =60 +30, +60;0;

PeLwunm cucremy m 3aaMeHnm
TeopeTn4eckne MOMEHTbI Ha

He OI'ITI/IM8]'IbeII7I, HO 60]'Iee BbIOOPOYHBLIE.
ObICTPbI METO MOMEHTOB
NoO3BONSIET NOSTYYNTb

pe3ynbTaT 3a O4WH NPoxoa. 1 -
g m{l J 1j

R : : Training methods for image noise level estimation on wavelet
MSU Graphlcs & Media Lab (VldeO Group) components. EURASIP Journal on Applied Signal Processing, 2004 13
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GRAPHICS & MEDIA LAB
VIDEO GROUP

¢ BBepeHue

¢ Wavelet
e VMIAD
e VIBE

e [rained moments
¢ OnuncaHune
¢ ObyyeHune

e CDF
e CpaBHeHME

¢ Block-based
¢ Ccbinku

MSU Graphics & Media Lab (Video Group) 14



OBy4yeHHbIE MOMEHTHI

GRAPHICS & MEDIA LAB
VIDEO GROUP

Passutnem npeabiayuiero Metoga MoxeT ObITb
YYET UHbIX CTATUCTUK KpOMe 2 U 4 MOMEHTOB.

r =
a, M, + a, M M, = _/"1 N
M4:rﬁ4/m2rﬁ1

BbiOop noaxoasLmnx KoappumumMeHToB a;
OCYLLIECTBMM MYyTEM OOYy4YEHMST anroputMma.

: - : Training methods for image noise level estimation on wavelet
MSU Graphlcs & Media Lab (VldeO GI’OUp) components. EURASIP Journal on Applied Signal Processing, 2004 15
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Oby4eHue anropmtma

MeTton HanmeHbLINX KBagpaToB

GRAPHICS & MEDIA LAB
VIDEO GROUP

[1na HaxoXaeHUa XopoLUmX
= S KO3 PULIMEHTOB anropnTm
OO HeobxoouMOo NpeaBapuTEnbHO
o0yunTh.

Bo3bmem Habop n n3obpaxeHUn X; C U3BBECTHBLIM

YPOBHEM LLYMa Y; U MPUMEHUM METOA
HauMeHbLLUNX KBaApPaToOB.

: : : Training methods for image noise level estimation on wavelet
MSU Graphlcs & Media Lab (VldeO GI’OUp) components. EURASIP Journal on Applied Signal Processing, 2004 16



Oby4eHue anropmtma

MeTO,EI, HaMMEHbLUNX KBaApaToB GRAPHICS & MEDIA LAB

VIDEO GROUP

Hangem KoagpuumneHThl a,, Npu
KOTOPbIX CyMMapHas
KBagpaTuyHas rnorpeLuHocTsb J

L MUHUMATIbHA.

F ()= a,0,(0)

Z?ﬁkak :b|, =01 ... .m
[Monydum CJITAY ¢ m k=0

HEU3BECTHbIMMU, : - _ |
KOTOPYIO MOXHO Yk iZO:(Pl (X| )@k (X| )’
peLnTb, Hanpumep, .

MeTogom Maycca. b, = ZO:% (%)Y,

MSU G raphics & Media Lab (VldeO G rOUp) BBojiHBIE TIEKIIUH 110 YUCIEHHBIM METOaM. AAHI_.[K;;(;]T;())??EE;, 17
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GRAPHICS & MEDIA LAB
VIDEO GROUP

¢ BBepeHue

¢ Wavelet
e MAD
e MIBE
e Trained moments
e CDF

¢ BBepeHune
¢ AnropuTtm
¢ Oby4yeHune

e CpaBHEHME
¢ Block-based
¢ CcCblKu

MSU Graphics & Media Lab (Video Group) 18
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CDF

BBeneHue

GRAPHICS & MEDIA LAB
VIDEO GROUP
cdf (X) - koIMIeCTBO MUKCEIEH ¢ byoem ucnonb3oBaTthb
JUCTIEP CHEl MEHBINIEH X cdf(x) ana onpegenexHus
YPOBHSA LLUyMa.
JlokanbHasa aucnepcus cdf(x)

MSU Graphics & Media Lab (Video Group)

|
J

Training methods for image noise level estimation on wavelet 19
components. EURASIP Journal on Applied Signal Processing, 2004




CDF

ANropuTtm T

VIDEO GROUP

Beiancnum cdf(x,) n no tabnvue Hangem cooTBeTCTBYIOLLEE
3HayeHue O.

A 4
v

m, 2 O-

CpeaHee 3Ha4veHue cdf(x)
cpeaun nsoodpaxeHun c o = |.

CosgaHue Tabnuubl 1 BbIDOP TOYKM X,
NPOUCXOOAT Ha aTarne obyyeHus ==
anropmTma.

i i ; Training methods for image noise level estimation on wavelet
MSU Graphlcs & Media Lab (VldeO GI’OUp) components. EURASIP Journal on Applied Signal Processing, 2004 20
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CDF

ObyuyeHune T

VIDEO GROUP

He Bce TOYKM rpadpmka garoT HaOeXXHYH OLIEHKY.
Hangem Hanny4ylyio.

cdf(x) nsobpaxeHuun ¢ o = 0 cdf(x) usobpaxeHuu ¢ o = 25

/y /
/ [

[
| J

i i ; Training methods for image noise level estimation on wavelet
MSU Graphlcs & Media Lab (VldeO GI’OUp) components. EURASIP Journal on Applied Signal Processing, 2004 21




? =42
CDF &>
Obyuetne e

Ha oby4atoiem Habope n3obpaxeHnn ¢ U3BECTHOM
O LWyMa BblbepeM TOYKY X,, Hanbosiee HagexHyro
ana Knaccudpukauyumn.,

CteneHb pasnuyumocTtu cdf(x)

Mexay ypoBHaAMMU |, u |, CpeaHee 3Ha4yeHue cdf(x)
( cpeau n3oodpaxeHumn c o = |.
Im, (x)—m x){ ]
P y ) & k
fo1, ()= ~ m, (x) = > e (x)
\/Gll + GIZ k:]_

Oucnepcusa cdf(x) cpeaun
n3obpaxeHun c o = |.

k=1

xO:argmafoi,j(x) = o )Z%ZN:(CO” X)—m X))2 |

i i ; Training methods for image noise level estimatio velet
MSU Graphlcs & Media Lab (VldeO Group) components. EURASIP Journa I on Applied Signal Pro g 2004 22
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CpaBHeHMe

GRAPHICS & MEDIA LAB
VIDEO GROUP
TaBLE 1: Mean squared errors for noise standard deviation estimates computed over 5 images.
Standard deviation . . )
) S MAD Moment matching Trained moments cdf
of synthetic noise
5 3.49 2.49 2.35 2.73
7 3.01 2.36 1.91 1.86
9 2.63 2.13 1.59 1.55
11 2.33 1.97 1.38 1.40
13 2.08 1.76 1.37 0.46
15 1.84 1.62 1.31 0.43
Overall mean 2.56 2.06 1.65 1.41

MeToabl OCHOBaHHblE Ha 0by4YyeHunn gatoT bonee
XOpOoLUUN pesynbTar.

12

R : : Training methods for image noise level estimation on wavelet
MsSU Graphlcs & Media Lab (VldeO Group) components. EURASIP Journal on Applied Signal Processing, 2004 23
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CopaepxaHue goknaga

¢ BBeneHune
¢ Wavelet

¢ Block-based
e Classic
e Structure-oriented
e Temporal SO

& CCbINnKu

MSU Graphics & Media Lab (Video Group) 24



Brno4yHbI MeTon

GRAPHICS & MEDIA LAB
VIDEO GROUP

Pa3zobbem nsobpakeHne Ha 6nokn (7x7) n
BbloepemM 13 HUX N WTYK C HAUMEHbLLEWN
agucrniepcuent. 'onoxum o paBHOU NUX YyCpeOHEHMIO.

S 2
e | gék o —aucnepcust K - oro 61oka

N — doMKcupoBaHHas YacTb obLlero Yncra 6yoKoB.

MSU Graphics & Media Lab (Video GI’OUp) S.I. Olsen. Noise variance estimation in images. In In 8 th Scandinavian 25
Conference on Image Analysis, Norway, 1993.
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Brno4yHbI MeTon

GRAPHICS & MEDIA LAB
VIDEO GROUP

MeToa aBnsgeTca ogHUM U3 caMblX
ObICTPbLIX U TPpebyeT Mano
OOMNOSTHUTENBbHOWN NAaMATMN.

[1na oLueHKM ypOoBHSA WyMma
MCNOSb3YIOTCA «rnagkue» obnacTu.
Ecnu Taknx obrnacten Her,
TOYHOCTb pPe3KO Najaer.

Oucnepcus

MSU Graphics & Media Lab (Video Group) S.I. Olsen. Noise variance estimation in images. In In 8 th Scandinavian 26
Conference on Image Analysis, Norway, 1993.
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GRAPHICS & MEDIA LAB
VIDEO GROUP

¢ BBeneHune
¢ Wavelet

¢ Block-based
e Classic
e Structure-oriented
e Temporal SO

& CCbINnKu

MSU Graphics & Media Lab (Video Group) 27
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CTPYKTYPHbIN

GRAPHICS & MEDIA LAB
VIDEO GROUP

Oucnepcunsa — He ny4dwnn cnocob onpegenuTb
rMagkocTb Onoka.

Bocnonb3yemMca OeTEKTOPOM rpaHuL,.

| Ceeptka {-1-1... (w-1) ... -1-1}
3

E i u u .I4. 1 (i)=—1(i-2)+21(i)-1(i+1)
:.H E: i.: :Iﬂ Mepa rnaaKkocTy 6rioka. ] =

| | | CymMma CcBepTOK Mo BCEM i 2 : 2 ‘ (x
H i g HanpaBneHnaM Ans 55 Ik I

Kaxkgoro nukcens 6noka. I k=1

A - 3 Fast and reliable structure-oriented video noise estimation A. Amer and
MSU Graphlcs & Media Lab (VldeO Group) E. Dubois. IEEE Trans vol.15, pp. 113-118, January 2005 29
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GRAPHICS & MEDIA LAB
VIDEO GROUP

B,, — h-bI rmagkuin 6riok

= :izw i YcpegHum gucniepcuto N
- Hanbornee rnagkux 6J10KOB.

[1ononHUTENBbHO HaNMOXUM orpaHn4eHune Ha
CllaraemMbie.

2 2
Lo 2 - 2
‘Ush Og |<T o, = Mmedian {Gsl 'h :1,2,3}
h
T =const
MSU Graphics & Media Lab (Video Group) Fast and reliable structure-oriented video noise estimation A. Amer and 30

E. Dubois. IEEE Trans vol.15, pp. 113-118, January 2005
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GRAPHICS & MEDIA LAB
VIDEO GROUP

[1pn BblYMCNEHUN { MOXKHO 228:“ (i)
YYUTbIBATb HE BCE NUKCENMN, a =
TONbKO Ka)XablN S-blN.

1 O O WO O O T 6 MeTton pabotaert B 4

ol U T T O T N O O pa3a ObicTpee, Yem
U 6rnoYHbIN 1 faeT
R
LA A
2 /§/§ JTyHLlni pesyribrar.
20 22_ 24 ] 26 e G;El R(dB) 32 34 a6 38 40
MSU Graphics & Media Lab (Video Group) Fast and reliable structure-oriented video noise estimation A. Amer and 2

E. Dubois. IEEE Trans vol.15, pp. 113-118, January 2005
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CopepxaHue goknaaga

¢ BBeneHune
¢ Wavelet

¢ Block-based
e Classic
e Structure-oriented
e Temporal SO

& CCbINnKu

MSU Graphics & Media Lab (Video Group) 32
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CTPYKTYPHbIN MEeTOA
PacwiunpeHue GRAPHICS & MEDIA LAB

VIDEO GROUP
[IpUMEHNM CTPYKTYPHbIU — .
MeTOZ K BUAEO. @ [ST|| e HEI BEE
—T| Purely il il el I 8 ) 5
) [T| vomy  EER] [2l2le]
bynem xpaHuTb T B ER
HeCKOInbKo Kagpos. 3 Purel [o]oTo] EREE] [o]o]o
H1UX obpasyem 3D OOk, olole] [Ell [olol
KOTOPbIN pa3obbeM Ha 1 veicaispmts LR 2] FE
Habop Ky0oB. G seew  BEL Bl Bri
( ) ";w Horizontal Spatial  |-1 |2 [-1 2142 -112 [-1
€ é‘I'ml — . ) JE =
[eTtekTop rpaHuL, Tenepb 10 e bkl [zlefa] el
pa6OTaeT ele "N Kak Fig. 1. Homogeneity analyzer cubical masks where pix-
neTeKkT Op NBVKEHMS. els in the same gray level belong to one plain.
MSU Graphics & Media Lab (Video Group) M. Ghazal, A. Amer, and A. Ghrayeb, Structure-Oriented Spatio- 33

Temporal Video Noise Estimation, IEEE 2006
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CTPYKTYPHbIN MEeTOA

PaclunpeHue e s
Bnokun moryT ObITb CsT = 82.\2/ i 82.\2/ + 82\2
rmagkumu Bo BpemeHn (low- -
motion), HO COBCEM He §T= @2\2
rmagkumm nNpocTpaHCTBEHHO a
(TekcTypa). MoaTomy mMepbl Al @2_\2/ +<’92_\2/
MagkoCcTU He o I
cMeLllmMBarKTCA, Ons g 82.\2/ 3 az\g
Ka)Ooro n3 HanpasfeHnu dj° on
€CTb CBO4. = 82.\2/ A az\g

Ol on

: : : M. Ghazal, A. Amer, and A. Ghrayeb, Structure-Oriented Spatio-
MSU Graphlcs & Media Lab (VldeO GI’OUp) Temporal Video Noise Estimation, IEEE 2006 34
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CTPYKTYPHbIN MEeTOA
PacwupeHune. Anroputm. GRAPHICS & MEDTA LAB

VIDEO GROUP

1. |El,J'IS:I KaxXaoro HaripaBJi€HUA.

¢ BbibpaTte N Hanbonee rmagkux no atomy
HanpaBrieHnto B6I10KOB.

¢ [na kaxnoro BbibpaHHOro 6rioka

¢ EcnmbnokmagokB S (T), To aucnepcusi B HEM paBHa
cpegHemy gucnepcun no crnosm S (T).

¢ Ecnu 6nok rmapok B ST, VT nnu ZT, To gucnepcus
cunTaeTcsa no Bcemy 6noky obbl4HbIM 06pasomMm.

¢ [ncnepcus HanpaBrneHnsa paBHa cpegHemy (Mnum
MeamaHe) amcnepcmnmn 6noKos.
2. Cwurma wyma paBHa cpegHeMy (MeanaHe)
aucnepcun no HanpasieHUAM.

: : : M. Ghazal, A. Amer, and A. Ghrayeb, Structure-Oriented Spatio-
MSU Graphlcs & Media Lab (VldeO GI’OUp) Temporal Video Noise Estimation, IEEE 2006 35



CTPYKTYPHbIN MEeTOA

PacwupeHune. Anroputm. hﬁ!

VIDEO GROUP

[ns kaxaoro HanpaeBneHus
Hantn N Hanbonee rnagkux 6nokos

S T ST VT ZT Ha6op N 6rnokos

magkMx no HanpasliEHUIO.

[ucnepcusa B crnosix [Avcnepcua no scemy
Brioky

MegnaHna 6rnokos ogHOro HanpasneHund

YcpegHeHue
[uncnepcus 6rnokos

Hduncnepcusa
Os O Ost| Oyt Ozr
| | | | | Ongd HanpaslieHnA
MeaunaHa > G
MSU Graphics & Media Lab (Video Group) M. Ghazal, A. Amer, and A. Ghrayeb, Structure-Oriented Spatio- 36

Temporal Video Noise Estimation, IEEE 2006
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PacwunperHue. CpaBHeHME. GRAPHICS & WEDIA LAG

VIDEO GROUP

MeTton TpebyeT MHOro AOMOSTHUTENBHON NAaMSATH,
HO ero TOYHOCTb 3Ha4YUTENbHO BblLLE, YEM B
OpYrnx Metoaax.

| | 20dB | 30dB | 40dB | | 5 5 ; 5 B & [ —ieopeeed
Alg, HE, T B, HE TE,. HE, ag,. TR - _‘m VVVVV . thl:‘IP —3—52:"«2?[;53] i
Inter-frame S
Ours | 0.61 | 0.83 | 0.87 | 0.91 | 0.98 | 1.08 | 1.0 by
deHaon | 1.30 | 1.77 | 1.53 | 1.79 | 554 | 5.78 | 1.1
Intra-frame il
AV6 | 1.99 | 1.20 | 3.21 | 1.42 | 434 | 1L.70 | 4.7 4
MAD | 1.75 | 1.26 | 2.12 | 1.81 | 3.36 | 2.70 | 2.4
G6-Block| 0.79 | 1.13 | 1.01 | 1.20 | 1.10 | 1.24 | 2.5
Struet | 1.60 | 1.55 | 2.39 | 1.25 | 1.91 | 1.16 | 0.8 | a5 5 5 =0 =2 =0 =5 a0 s =@
MSU Graphics & Media Lab (Video Group) M. Ghazal, A. Amer, and A. Ghrayeb, Structure-Oriented Spatio- 37

Temporal Video Noise Estimation, IEEE 2006
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¢ BBepeHue

¢ Wavelet
e MAD
e MBE
e Trained moments
e CDF

¢ Block-based
e Classic
e Structure-oriented
e Temporal SO

¢ CcCbINnku
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