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Lab (Video Group) Restoration of Archived Film and Video. P. M. B. van Roosmalen. Ph.D. 4
dissertation, Tech. Univ. Delft, Delft, The Netherlands, 1999.
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CS MSU Graphics & Media On missing data treatment for degraded video and film archives: a
Lab (Video Group) survey and a new Bayesian approach. Kokaram, A.C. IEEE 6
Transactions on Image Processing. 2004.
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BBeaeHue
MeToabl 06paboTku

= PyuHown
= OyeHb KaueCTBEHHbIN
= Mep/sieHHbIN
= [Jloporown
= ABTOMATUYECKUW
= BbiCTpbIN
= [lewweBbii
= BO3MOXHbI OLLNOKMK

= [lonyaBTOMaTnyeckmm
= CpefHsas cKopoCTb
= CpefHsas ueHa
= XOopollee KayecTBo
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BBeaeHue
i ABTOMaTn4yeckas obpaboTka

[MpenobpaboTka LeTtekTop
(ME, MC) nedekTosB

BoccTtaHoBneHne [MocTobpaboTka

Bbixon NoBpeXAeHNM (yTOYHEHNE)
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BBeaeHune
i MeToabl TeCTUPOBaAHUA

= Knaccmyeckmn — co3gaHme UCKYCCTBEHHbIX
nedeKkToB

= HepoctaTouyHo peanncTUyHbIN
= [1pOCT B peanm3sauum

= VIHppakpacHasa cbeMKa
« Heobxoammo gononHutenbHoe ob6opyaoBaHme

= [Topor 6buHapu3aummn MHMpPaKpacHOro CHUMKa
HY>XHO noadbmpaTb BPYYHYIO

= YepHble gedekTbl Ha YepHOM pOHE He BUHDI

CS MSU Graphics & Media
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[lonck nemeKToB
[IpOCTpPaHCTBEHHbIN METOA

OcHOBaH Ha crneunduyecknx CBOMCTBax AedeKToB:
sManeHbkas nnowanb (40 2% mn3obpaxeHus)
sHeTKne rpaHuubl
Icnonb3ytoTCcsa onepaunn MaTeMaTUYECKOM
Mopdo10rmum
Dilation : I © B = MAX(,,,,ep({(x + u,y +v) — B(u,v))
Erosion : 1(©)B = MIN, ,,ep({(x + u,y +v) + B(u,v))
Closing : I = (I ® B)©B
Opening : [z = (I©SB) © B
CS MSU Graphics & Media Joyeux L., Boukir S., Besserer B., Buisson O. Reconstruction of

Lab (Video Group) degraded image sequences. Application to film restoration. Image 13
and Vision Computing, UK: Elsevier, 2001.



[lonck nemeKToB
[IpOCTpPaHCTBEHHbIN METOA
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lcxoaHoe n3obpakeHne, 3aKpbiThe, Pa3HOCTb.

CS MSU Graphics & Media Joyeux L., Boukir S., Besserer B., Buisson 0. Reconstruction of
Lab (Video Group) degraded image sequences. Application to film restoration. Image 14
and Vision Computing, UK: Elsevier, 2001.
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~4n 4n 4n 4n 4n 4n 4n 4n 4nT
4n 3n 3n 3n 3n 3n 3n 3n 4n
4n 3n 2n 2n 2n 2n 2n 3n 4n
4dn 3n 2n n n n 2n 3n 4n
B,=\|4n 3n 2n n 0 n 2n 3n 4n
4n 3n 2n n n n 2n 3n 4n
dn 3n 2n 2n 2n 2n 2n 3n 4n
4n 3n 3n 3n 3n 3n 3n 3n 4n
L 4n 4n 4n 4n 4n 4n 4n 4n 4n

Dy (I(x,y), B) = ((I(x,y) © B)YOB) — I(x,y)

D i (1(x, ), B) = 1(x,y) — ((I(x, y)OB) © B)

CS MSU Graphics & Media Joyeux L., Boukir S., Besserer B., Buisson 0. Reconstruction of
Lab (Video Group) degraded image sequences. Application to film restoration. Image 15
and Vision Computing, UK: Elsevier, 2001.
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SDI

ROD

SROD

YNyJlleHHbIN anropuTMm
= MSU Old Film Restore

= MeToabl yaaneHns nedekToB
= [lanbHeunwue nnaHbl
= Cnncok MaTtepuanos
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[Tonck aeeKToB
‘L SDI-petekTop

Spike Detection Index

Eb — In(X)_ In—l(X)
Ef = In(X)_ In+1(X)

1

0, MHa4ye

ccmu [E,|>T u|E |>T

bs DIa(X) — {

1, ecmu|E,|>T u|E|>T usign(E,) = sign(E,)
bSDIp(X) =

0, MHaye

CS MSU Graphics & Media On missing data treatment for degraded video and film archives: a
Lab (Video Group) survey and a new Bayesian approach. Kokaram, A.C. IEEE 17
Transactions on Image Processing. 2004.
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[Tonck aeeKToB
ROD-peTekTOp
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Ranked Ordered
Differenc .
erence :E\ .
“B\\
frame n-1 h ~ 4
NG
frame n
Pn.i(Z) — yop sijoUeHHbIE TI0 BEIMYUHE Pn(Z) 4,2
() = Pna(z)+ Pna(2) d,(2)
2 d, ()
ni(2)=1(2), In(2)<mM(z _ >
dn,i(Z)I{ Pr.i(2) (2) (2) (2) Vi=12_3. ‘
In(z)— pn7-i(2), In(2)>m(2) 0 b b p oD
Blotch and Scratch Detection in Imag’ T 255

CS MSU Graphics & Media  ordered Differences M. J. Nadenau and | z()
Lab (Video Group) Workshop on Time-Varying Image Processing and Moving Object 19
Recognition, September 5-6, 1996
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[lonck nemeKToB

SROD-pgeTeKkTOp

Simplified Ranked Ordered Difference

C min(pei(2)) — L,(z) if min(p,(2)) — L.(z) > 0
dy(z) =< 1,(2) —mazx(p,(2)) if I,(2) —max(p,i(z)) >0,
| 0 otherwise
d (@)
1,2 L
1’ eciu d (Z) >T ‘ Blotch if: dn(z) >T1
mask (z) = { " . Py Py Py PyDsDg
0, uHade 0 N T T I 255
| 2| Z
- -
k T, T *
Blotched Blotched

CS MSU Graphics & Media Restoration and Storage of Film and Video Archive Material. P.M.B.
Lab (Video Group) van Roosmalen and J. Biemond and R.L. Lagendijk Restoration and 21

Storage of Film and Video Archive Material. 1999.
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1

o
©

0.85

o
o)

0.75

o
~

0.65

Probability of correct detection

0.55

0.5

107

CS MSU Graphi
Lab (Video Group)

10° 15'3 10 10 o 10
Probability of false alarm

Restoration of Archived Film and Video. P. M. B. van Roosmalen. Ph.D. 22
dissertation, Tech. Univ. Delft, Delft, The Netherlands, 1999.
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[lonck aeeKToB
YNyJdlleHHbIN anropuTtm

Original image sequence

GRAPHICS & MEDIA LAB
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Prediction of
motion
i vector field
n-2 n-1 n n+l n+2 i 5
< q {Level0 ——H | motion
1 estimation
S § LPF ]»
I > ! 7
7 M Propagated
> l trial motion M
vectors
LPF \
Searching motion vectors o J’— X
E T i Block
i H | | matching
i i = :
! HH i motion
E =l ! estimation
Level k-l L—7— |
CS MSU Graphics & Media  An improved motion-compensated restoration method for damaged
Lab (Video Group) color motion picture films. Gangal Ali ; Kayikcioglu Temel; Dizdaroglu 24

Bekir; Signal processing. Image communication. 2004
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YNyJdlleHHbIN anropuTtm
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n-2 n-1 n n+1 n+2
P11 P14
P P2 | 4|1, | Pis
P13 P,
[nsa obHapyxeHus : -
nedeKTos £ B g E T
MCMONb3yeTCs B2 e (]| Pas
ROD pgeTtekTopbl - P2s
P31 P34
P P3o | €—1,(r) » | P35
P33 P36

CS MSU Graphics & Media  An improved motion-compensated restoration method for damaged
Lab (Video Group) color motion picture films. Gangal Ali ; Kayikcioglu Temel; Dizdaroglu 25
Bekir; Signal processing. Image communication. 2004



[lonck nemeKToB
YnyJdlleHHbIN anropuTtm

ME no naTu /ng\ HeTtekTop
Crapt > »<_HanpaBfeHusM Aa >

GRAPHICS & MEDIA LAB
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Kagpam Ne1-47 AedekroB
Het
€Hblue YeM
HeTt nukcenen 6rnoka

eheKTHbI?

onyyunu MV[n] =
6nuskue Oa » cpeaHemy

. BEKTOpbI? BeKTopy

I

OueHuBaem MV
AnA n-ro Kagpa [leTekTo fOa
Het p
no MV Ne5-7 nedekToB
Het
\ 4
He ypanocb eHble yeMm T%
= YnaneHune
» Nnpepackasatb « HeT nukcenen 6noka Oa edexTon
MVF AedeKTHbI? A

CS MSU Graphics & Media  An improved motion-compensated restoration method for damaged
Lab (Video Group) color motion picture films. Gangal Ali ; Kayikcioglu Temel; Dizdaroglu 26
Bekir; Signal processing. Image communication. 2004



YNy4LlEHHbIN anroputm
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TecTnpoBaHue o

s/icnonb3oBanocb K=4 ypoBHS B

: _ [MNapameTpbl ME
cxeme multiresolution.

o Level Filter size Block size Max.disp
sQUNbTP: rayccoBckun. Ha HyneesoM
oBHE i i 0 3 4 %4 +3
yp | 1 2 1 1 5 8 x 8 +3
2 7 16 x 16 +7
F3><3:1_6 2 42 3 9 32 % 32 +15
1 2 1]

Ha OCTaJ1bHbIX.

Fsys =F3.3F3.3, Fr = F33F33F3.3
UT.Aa.
=Pasmep nzobpaxenus: CIF.

CS MSU Graphics & Media  An improved motion-compensated restoration method for damaged
Lab (Video Group) color motion picture films. Gangal Ali ; Kayikcioglu Temel; Dizdaroglu 27
Bekir; Signal processing. Image communication. 2004
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- ¥-compensated restoration method for damaged
color motion picture films. Gangal Ali ; Kayikcioglu Temel; Dizdaroglu 28
Bekir; Signal processing. Image communication. 2004
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CS MSU Graphics & Media  An improved motion-compensated restoration method for damaged
Lab (Video Group) color motion picture films. Gangal Ali ; Kayikcioglu Temel; Dizdaroglu 29
Bekir; Signal processing. Image communication. 2004



YNy4LlEHHbIN anroputm
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:?3?5—‘:_ == ii‘: == — == _":._‘ %_ﬁ S — ,__—_—,;;.-7
CS MSU Grapl B T ~ rdamaged
Lab (Video uroup) COI0r MOUTION PICtUre TIMS. Gangal Al ; Kayikciogiu 1emer; Dizdaroglu 30

Bekir; Signal processing. Image communication. 2004
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= ROD
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= Cnncok MaTtepuanos
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[lonck aeeKkToB
MSU Old Film Restore

CuunTaem JIOKAJ1bHY1O OLLIVI6Ky KOMIMEHCAUUWN.
2 2

LSAD(t +k.i, j)= > > |frame(t,i+ p, j +q)—mc_frame(t + k,i+ p, j+q)

P . [LLSAD(t+1i,j)>T
[1Be BcnomoraTesibHble Mackun: mask(t £1,i, j)= )
, UHAYE

MpUMeHsieM onepaLummn CYyXXEeHUS U paclUMPeHus:
g(mask(t,i, j)) = {1’ {mask(t,i +p, j+a)=1|p,qe[-L1]|>3

0, unaue

0, unaue

OkoHYaTenbHasd Macka: mask(i, j)=mask(t -1, j) 2 mask(t+11, j)

s(mask(t,i, j) = {1’ {mask(t,i+p, j+a)=1|p,qe[-L1fj>0

CS MSU Graphics & Media

Lab (Video Group) MeToabl NoAaBfeHMs WyMa U LapanuH B CTapbiX BUAE03anucsX. 32
TutapeHnko A. B. 2007
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[lonck nemeKToB
ObbeanHeHne OeTEKTOPOB
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Mcnonb3yem getekTopbl: SROD 1 NpoCTpaHCTBEHHbIN.

Probability

Temporal detector Spatial detector
1 ! | | | | 1 | | i
p(f(x)|D) —— p(f(x)|D) ——
0.8 p(f(z)[D) +----- | 08 | p(f(z)|D) -+ -+ |
. I
0.6 t = 0.6
_ S
- :
0.4 % E 0.4 f
0.2 = 0.2 =
T o
O » | o —— — — ] 0 ™ —
0 5 10 15 20 25 3 0 5 10 15 20 25 30
Detector output values Detector output values

CS MSU Graphics & Media Fusion of complementary detectors for improving blotch detection in
Lab (Video Group) digitized films. Sorin Tilie, Isabelle Bloch, Louis Laborelli. Elsevier 34
Science Inc. 2007.
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ObbeanHeHne OeTEKTOPOB
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. Crapt |

BeposiTHOCTb TOro, YTO 0082
Ob6a getektopa MNukcenb
AeTeKkTopa nokasbiBatoT [a [Ja» -
. oBHapyxunun gedekt NedEKTHLIN
HEOQHO3HAYHbIN pesynbTaT
HeTt
HeTt

PesynbTtar
y Ob6a geTtekTtopa He [Nukcenb He
He <« Her [a -
oOHapyxunun nedekTa AedeKTHbIN

onpeaeneHx

CS MSU Graphics & Media Fusion of complementary detectors for improving blotch detection in
Lab (Video Group) digitized films. Sorin Tilie, Isabelle Bloch, Louis Laborelli. Elsevier 35
Science Inc. 2007.
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ObbeagnHeHne OeTekTopoB
TecTbl
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7=0.1

1 6

CS MSU Graphics & Media Fusion of complementary detectors for improving blotch detection in
Lab (Video Group) digitized films. Sorin Tilie, Isabelle Bloch, Louis Laborelli. Elsevier 39
Science Inc. 2007.
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17=0.6

BN D 1 ©

CS MSU Graphics & Media Fusion of complementary detectors for improving blotch detection in
Lab (Video Group) digitized films. Sorin Tilie, Isabelle Bloch, Louis Laborelli. Elsevier 40
Science Inc. 2007.



ObbegnHeHne 0eTEeKTOPOB
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Good detections rate

TecTbl
Cigarette Surprise
07 T T T T T T T T 07 T T T T ! ! '?’—' F
) w /x///lﬂ
0.5 ! sz 0.5 &
0.4 // A2 04
-
0.3 — £ 03 i  SDIp —— -
S < 21 MRF ——
0.2 i g 02 /6// MCFD-Is1 —— 7
0.1 /6|/IZ 8 0.1 . MCFEFD-1s2 —»— _
oo oV Dirt
O - L1 1 L1 1 L1 1 L1 O ] L1 L L 1 L 1 L1
le-05 0.0001 0.001 0.01 C le-05 0.0001 0.001 0.01 0.1
False alarms rate False alarms rate

CS MSU Graphics & Media Fusion of complementary detectors for improving blotch detection in
Lab (Video Group) digitized films. Sorin Tilie, Isabelle Bloch, Louis Laborelli. Elsevier 41
Science Inc. 2007.



ObbegnHeHne 0eTEeKTOPOB

TecTbl
Art
07 T 1 T | T ||/|| 07 T
ab]
g 06 £ 06
— D ~
% 0.5 7 0.5
S04 =04
() )
= g
g 0.3 ks 0.3
< 0.2 < 0.2
3 S
o 0.1 M O 0.1y
ot b b el 0 L—
1le-05 0.0001 0.001 0.01 le-05

CS MSU Graphics & Media
Lab (Video Group)

False alarms rate

0.0001 0.001 0.01 0.1

False alarms rate

Fusion of complementary detectors for improving blotch detection in
digitized films. Sorin Tilie, Isabelle Bloch, Louis Laborelli. Elsevier

42
Science Inc. 2007.
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YaaneHue NoxHbIX cpabaTbiBaHNN &
A contrario FA removal =

CS MSU Graphics & Media A contrario False Alarms Removal for Improving Blotch Detection in
Lab (Video Group) Digitized Films Restoration. Tilie, S. Laborelli, L. Bloch, I. Systems, 44
Signals and Image Processing, 2007.



A contrario FA removal

| YaaneHue NoXHbIX cpabaTbiBaHNN 2

= [ledekTbl pacnpeaeneHbl HeE3aBUCUMO.

= Ecnn pacnpegeneHne He paBHOMEPHOE —
NOXHoe cpabaTtbiBaHUE.

CS MSU Graphics & Media A contrario False Alarms Removal for Improving Blotch Detection in
Lab (Video Group) Digitized Films Restoration. Tilie, S. Laborelli, L. Bloch, I. Systems, 45
Signals and Image Processing, 2007.



YpaaneHue noxHbIX cpadaTbiBaHUNA
A contrario FA removal

GRAPHICS & MEDIA LAB
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PaccmaTtpuBaem obnactu, cocegHme ¢ NnpoBepseMon.
K, - Konn4yecTBo gedeKToB B obnactu

N - NUKcenen B obnactu

N - Bcero obnacreu

PacnpeneneHne nedekTtoB cuMtaeMm bMHoOMUanbHbIM C BEPOSITHOCTLIO P.

D OLLeHVBaEeM Kak ki (N *n),

OueHnBaem ana KaXxgown obnactu, ¢ Kakom BEPOSITHOCTBLIO MO KpanHeEW Mepe
K, n1kcenen B obnactu geeKkTHbl

B(p,n,k;)=> Cip’@-p)"*
j=k

CS MSU Graphics & Media A contrario False Alarms Removal for Improving Blotch Detection in
Lab (Video Group) Digitized Films Restoration. Tilie, S. Laborelli, L. Bloch, I. Systems, 46
Signals and Image Processing, 2007.



YoaneHue noXHbIX cpa6aTb|Ba|-wm
i A contrario FA removal

BeposaTHOCTb TOro, Ytobbl XoTS 6bl B OAHOM
obnactu no KpanHen mepe k; nMkceneu B
obnactn gedeKkTHbl

NFA = NB(p,n,k.)

FEcm NFA < € ,T0 cuvtaem 4to 66110
NIOXXHOEe cpabaTbiBaHMe.

CS MSU Graphics & Media A contrario False Alarms Removal for Improving Blotch Detection in
Lab (Video Group) Digitized Films Restoration. Tilie, S. Laborelli, L. Bloch, I. Systems, 47
Signals and Image Processing, 2007.



YaaneHue NoOXHbIX cpabaTbiBaHNN S
A contrario FA removal

= /[lBa npoxoaa:
= BpemeHHOM

= [TpocTpaHcTBEHHbIN (MpOBEpPSiEM TONLKO 06n1acTy,
OTMeYeHHble Ha NMepBoM Mpoxoae)

= OueHka ansa XBocTta 6BMHOMMANbHOIO pacrnpeneseHns

1—
B(p..K) <@ (n(pylog- -+ (1 p)log ;=)
k | I
rae p, =—
n

CS MSU Graphics & Media A contrario False Alarms Removal for Improving Blotch Detection in
Lab (Video Group) Digitized Films Restoration. Tilie, S. Laborelli, L. Bloch, I. Systems, 48
Signals and Image Processing, 2007.
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A contrario FA removal
TecThbl
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-
- L 4

4

CS MSU Graphics & Media A contrario False Alarms Removal for Improving Blotch Detection in
Lab (Video Group) Digitized Films Restoration. Tilie, S. Laborelli, L. Bloch, I. Systems, 50
Signals and Image Processing, 2007.



A contrario FA removal
TecThbl
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[Nocne ynaneHnsa FA(cnesa) n UK nsobpaxeHne aedekTos

'y
‘4

CS MSU Graphics & Media A contrario False Alarms Removal for Improving Blotch Detection in

Lab (Video Group) Digitized Films Restoration. Tilie, S. Laborelli, L. Bloch, I. Systems, 51
Signals and Image Processing, 2007.



A contrario FA removal

TecTbl
ME o [locne CkopocTb*
True FA True FA

M2D |50% |4.5% [39% [0.43% |1 s/frame

PhC 37.81 [0.29% |32% 0.19% | 2.3 s/frame
%

M2D — multiresolution global motion estimator
PhC — phase correlation dense motion estimator

*P4, CPU 3GHz. Hanbonee 3aTpaTHas 4yactb anroputma — Motion
Est}lpation. O6HapyxeHune aedeKkToB 1 NocT-0bpaboTtka 3aHnmMaeT 300
ms/frame

CS MSU Graphics & Media A contrario False Alarms Removal for Improving Blotch Detection in
Lab (Video Group) Digitized Films Restoration. Tilie, S. Laborelli, L. Bloch, I. Systems, 52
Signals and Image Processing, 2007.



IS=N2
YaaneHune NoXHbIX cpa6aTb|Bava@
banecoBckun noaxoa

RAPII]‘ HEDIA LAB
0 GROUI

Lab (Video Group) Degraded Archived Media. CoPff8 A
International Conference on Image Processmg, 2006



YpaneHue NoxHbIX cpabaTbiBaHWUA N2
Banecoscknn noaxon

HeobxoanMo co3aaTtb Macky ans n3obpakeHus Bmaa

(0, HeT 1edeKTOB U CIOKHOTO ABYDKCHHS
mask(x) =11, neeKT
2, CJIO’KHOE€ JIBWKCHHE

CS MSU Graphics & Media  pathological Motion Detection for Robust Missing Data Treatment in
Lab (Video Group) Degraded Archived Media. Corrigan, D. Harte, N. Kokaram, A. IEEE 54
International Conference on Image Processing, 2006.



YpaneHue NoxHbIX cpabaTbiBaHWUA N2
Banecosckun noaxon

AJH__Q(X) = In—l (X + di) — In—Q (X T d?}, + d*?z-—l)
An—l (X> — Iﬂ» (X) In—l (X + di)
A‘T1-+l (X) — I’Tl (X) I?H‘l (X + di)
An-+2(x) — I’fH—l (X + dfi) — Int2 (X + d£ T di+1)
t, - ”HAMKATOp BP EMEHHOU
HEOJHOP OJTHOCTH
B AT
“ 10, A <T,

State(X) — [tn—2 (X)’ tn—l (X)’ tn+1 (X)1 tn+2 (X)]

CS MSU Graphics & Media  pathological Motion Detection for Robust Missing Data Treatment in
Lab (Video Group) Degraded Archived Media. Corrigan, D. Harte, N. Kokaram, A. IEEE 55
International Conference on Image Processing, 2006.



YoaneHue noXHbIX cpa6aTb|Ba|-wm
banecoBckun noaxoa

StateNe state(X) | mask(X) | StateNe state(X) | mask(X)
0| 00,00 0 8| 1,000 0
1 0,0,0,1 0 9| 1,0,0,1 2
2| 0010 0 10 1,0,1,0 2
3| 0,011 2" 11 1,0,1,1 2
4 01,00 0 121 1,1,0,0 2*
5| 01,01 2 13 1,1,0,1 2
6 01,10 1 14 11,1,0 2
7 0111 2 15 1111 2

Tonbko cocTosiHME 6 yKa3biBaeT Ha AedekT B TekyLwem kagpe. CoctosHusA 3 n
12 MOryT CBUAOETENBbCTBOBATL O NPUCYTCTBUU AedeKTa C COCeQHUX Kaapax.

CS MSU Graphics & Media
Lab (Video Group)

Pathological Motion Detection for Robust Missing Data Treatment in
Degraded Archived Media. Corrigan, D. Harte, N. Kokaram, A. IEEE 56
International Conference on Image Processing, 2006.



YOoaneHue rnoXHbIX cpabaTbiBaHUU
banecoBckun noaxoa

GRAPHICS & MEDIA LAB
VIDEO GROUP

CnoxHoe ABMXeHue u
nedeKTbl 3a4acTyio HapyLllaloT
MagKoCTb MOJsl  BEKTOPOB
ABUKEHUA. MOXHO
NCMo1b30BaTb OTKJ/TIOHEHME
BEKTOPOB  KaK  MHAMKATOP
noao3puTenbHbiX  obnacrew.
Takmm 06pa3oM CTPOMM MacKy

1, X e€mnoao3pureabHO 001acTH
By, (X) =

0, WHAYE

CS MSU Graphics & Media  pathological Motion Detection for Robust Missing Data Treatment in
Lab (Video Group) Degraded Archived Media. Corrigan, D. Harte, N. Kokaram, A. IEEE 57
International Conference on Image Processing, 2006.



YoaneHue noXHbIX cpa6aTb|Ba|-wm
banecoBckun noaxoa

HeobxoanMo oLeHnTb state(x) n mask(x). Bocnonb3yemcs
bopMyion A9 anocTePUOPHON BEPOATHOCTH:
p(mask,state|4_,b,.,,L)~p( |mask,state)p(mask]|L) p(mask|b,.,),
IIC An (X) — [An—z (X) An—l(x) An+1(x) An+2 (X)]
L — mHOXecTBO 3HaueHmid Mask(y) st Bcex
COCETHUX C X MHUKCEJIEN )

_3 (& [k2]2 (1-state[K])+a-state[k])

p(4 |mask,state)~e ° * ,
T'I1e Gez — nucnepcus A, B Hene(eKTHbI X 00JIaCTIX

CS MSU Graphics & Media  pathological Motion Detection for Robust Missing Data Treatment in
Lab (Video Group) Degraded Archived Media. Corrigan, D. Harte, N. Kokaram, A. IEEE 58
International Conference on Image Processing, 2006.



YOoaneHue rnoXHbIX cpabaTbiBaHUU
banecoBckun noaxoa

GRAPHICS & MEDIA LAB
VIDEO GROUP

PermoHbl CO CITOXHbIM ABUMXXEHUEM PACMOJI0XKEHbl pAAOM

A, Y Ay|mask(x)=mask(y)|
p(mask|L)~e "™ ,
rae A, — KO3 HUIMEHT NP OCTP AHCTBEHHOM TJIJIKOCTH,
1
A, ~ ,
x-y

N (X) — MHOKECTBO cocenieh X

CS MSU Graphics & Media  pathological Motion Detection for Robust Missing Data Treatment in
Lab (Video Group) Degraded Archived Media. Corrigan, D. Harte, N. Kokaram, A. IEEE 59
International Conference on Image Processing, 2006.



YoaneHue noXHbIX cpa6aTb|Ba|-wm
banecoBckun noaxoa

( e_Abbdiv

—Ay (1-byyy )

mask # 2

C mask =2
rae A, — KO3 PUIMEHT P OCTP aHCTBEHHOM T'JIaJKOCTH

(maSkl dlv)N<

Ona  nonyyeHnst  OKOHYATENbHOro  pelleHus
BblYNC/ISIEM BEPOSITHOCTU  ANA  KaXAaoro  /mask(x)
METOAOM MaKCMMM3aLUUM  arnoCTEPUOPHOU  OLIEHKM
(MAP).

CS MSU Graphics & Media  pathological Motion Detection for Robust Missing Data Treatment in
Lab (Video Group) Degraded Archived Media. Corrigan, D. Harte, N. Kokaram, A. IEEE 60
International Conference on Image Processing, 2006.



YaaneHue noXxHbiX cpabaTtbiBaHUM
banecoBckun noaxoa

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media  pathological Motion Detection for Robust Missing Data Treatment in
Lab (Video Group) Degraded Archived Media. Corrigan, D. Harte, N. Kokaram, A. IEEE 61
International Conference on Image Processing, 2006.



CopepxaHue

= BBeaeHue
= MeToabl Moncka aedekTos

= MeToabl yaaneHus aedekToB
= BHyTpUKaagpoBas nHTepnonauus
= VIHTEepnonaumsa paumoHanbHbIMU PYHKLMSMU
= MHorowarosast MeanaHHas bunbTpaLms
= CMewmnBaHue
= BanecoBckun noaxon

= [lanbHeunwue nnaHbl
= Cnncok MaTtepuanos

CS MSU Graphics & Media
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YpaneHvne nedeKToB

BHYyTpMKaapoBas MHTepnonaums

Kybunueckasi MHTepronauus
3 3
| (X, y) = Zzak,lxkyl
k=0 1=0

OueHka KoadpPULUMeHTOB METOAO0OM HauMeHbLUUX
KBaApaToB Mo HeaedeKTHbIM MUKCENaM.

BoccTaHaBNMBAET TOMbKO HU3KME YacTOThl.
YaanseT ToNbkKo Hebonblune aedekThl.
He Tpebyet ME.

CS MSU Graphics & Media Motion compensated film restoration. Buisson O., Boukir S., Besserer
Lab (Video Group) B. Machine Vision and Applications N 13. IEEE Computer Society, 63
2003.



CopepxaHue

= BBeaeHue
= MeToabl Moncka aedekTos

= MeToabl yaaneHus aedekToB
= BHyTpuKaagpoBas nHTepnonsuus
» VIHTEpnonauma paumoHanbHbIMU PYHKLMSMU
= MHorowarosast MeanaHHas bunbTpaLms
= CMewmnBaHue
= BanecoBckun noaxon

= [lanbHeunwue nnaHbl
= Cnncok MaTtepuanos
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MHTEepnonaumsa pauyoHanbHbIMU (PYHKLMSAMU

‘_L YpaneHvne nedeKToB

a3|a2|al|X |bl|b2|b3

PaboTaeT B NpoCcTpaHCTBEHHOW 0bnacTw.
1+k(a, —b,)?
~2+k[(a, -b,)? + (b, —a,)’]
X=aa+1-a)-b

k — KO3dDPULMEHT HENMHENHOCTU

CS MSU Graphics & Media

Lab (Video Group) Old Movie Restoration Using Rational Spatial Interpolators. Khriji L., 65
Gabbouj M., Ramponi G., Ferrandiere E.D. IEEE. 1999.



YpaneHue nedekToB

MHTEepnonaumsa pauyoHanbHbIMU (PYHKLMSAMU

[ns pecdekTHON 0bnactn AnnHOW 5 nukcenewn

ad a3|a2 al|X, X4 X X; | X, b1 b2 b3 b4

1. BbluncnuTb X, = R(a4,al,bl,b4)

2. BpeMeHHO BbIYNCNUTb X-z=2al—gx° n X, 3
3. Boluncinte Xy =R(Xq, X_;, X,,02)

4, Boluncnntb X =R(@2,X_;, Xy, X,)

5. MoBTOpHO BbluMCcIUTb X, =R(a3al, X, X,) "
X, =R(X_;, X;,b1,b3)

CS MSU Graphics & Media
Lab (Video Group) Old Movie Restoration Using Rational Spatial Interpolators. Khriji L., 66

Gabbouj M., Ramponi G., Ferrandiere E.D. IEEE. 1999.



CopepxaHue

= BBeaeHue
= MeToabl Moncka aedekTos

= MeToabl yaaneHus aedekToB
= BHyTpuKaagpoBas nHTepnonsuus
= VIHTEepnonaumsa paumoHanbHbIMU PYHKLMSMU
= MHorowaroast MeanaHHas bunbTpaLms
= CMewmnBaHue
= BanecoBckun noaxon

= [lanbHeunwue nnaHbl
= Cnncok MaTtepuanos
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MHoroLuarosast MeanaHHas unbTpaLus

‘L YpaneHne gedekTos

median =arg min >"|f, - ]

fiEW fJEW

roe W — MHOXECTBO NUKCENEN, cpean KOTOPbIX ULLETCS
MeamaHa, a fi — 3HaueHusa apkocTeln 3TUX NUKcenen.

W, W, W

m, = median(W,), | =1,....5
X(r) = median(m,,m,, m,,m,, m,)

CS MSU Graphics & Media
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CopepxaHue

= BBeaeHue
= MeToabl Moncka aedekTos

= MeToabl yaaneHus aedekToB
= BHyTpuKaagpoBas nHTepnonsuus
= VIHTEepnonaumsa paumoHanbHbIMU PYHKLMSMU
= MHorowarosast MeanaHHas bunbTpaLms
= CMewmnBaHue
= BanecoBckun noaxon

= [lanbHeunwue nnaHbl
= Cnncok MaTtepuanos
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CMelmBaHue

‘_L YpaneHvne nedeKToB

ZW
ZW |

rJIe I - paccMaTp UBAEMBIU ITMCKENb,
I’ - coceqaue ¢ I MUKCEIIH,

W - BecoBbI€ KO PHUIMEHTHI

| (r )— apkocTe K cems I,

I'(I )- HOBOE 3HAUeHNE NUKCEns I

CS MSU Graphics & Media
Lab (Video Group) 70



YpaneHune nedekToB

CMelmBaHue

GRAPHICS & MEDIA LAB
VIDEO GROUP

MKCenu U3 NpoCTPaHCTBEHHO-BPEMEHHOM 06/1aCTN BOKPYI TEKYLLEro nuKcens

= CpepgHee. X11'-'1 XN
W=1.
= YCeyeHHoe cpegHee.
CopTupyeM NMUKCEeNu: X(l) > X(2) > 0> X(N)
N—[a*N]
y:1 X(I)’ HZN—Z*[CZ*N]
0 i=[a*N ]+1
= YNYYLWEHHbIN anropuTMm.
CopTupyeM NUKCenu: ‘X — X(1)‘ < ‘X — X(z)‘ <..< ‘X— X(N)‘

1 N
y :_Zaix(i)’
Y =1

N
3, =1vi=1.M, 8, =0Vi>M,y=> a, =M
i=1
CS MSU Graphics & Media A NEW NON-LINEAR FILTER FOR VIDEO PROCESSING. V. Zlokolica,

Lab (Video Group) W. Philips, D. Van De Ville, 3rd IEEE Benelux Signal Processing 71
Symposium (SPS-2002). 2002.



CMelmBaHue

‘_L YpaneHvne nedeKToB

Bec MOXeT 3aBUCETb OT
x 3HAUYEHUA MACKU aedeKTa

= NPOCTPAHCTBEHHOU U BPEMEHHOM
yAANEHHOCTU MUKCENEN OT TEKYLLEro

s KayectBa ME

CS MSU Graphics & Media
Lab (Video Group) 72



CopepxaHue

= BBeaeHue
= MeToabl Moncka aedekTos

= MeToabl yaaneHus aedekToB
= BHyTpuKaagpoBas nHTepnonsuus
= VIHTEepnonaumsa paumoHanbHbIMU PYHKLMSMU
= MHorowarosast MeanaHHas bunbTpaLms
= CMewmnBaHue
» BanecoBckum noaxon

= [lanbHeunwue nnaHbl
= Cnncok MaTtepuanos
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YpaneHvne nedeKToB
i banecoBckun noaxoa

Mogaenb NoBpeXaeHHOW NocneaoBaTeIbHOCTH:
Gn(x) = (1 = b(x))In(x) + b(x)c(x) + p(x)

I.(X) - NUKCenb UCXOAHOro Kaapa

c(x) - nzobpaxeHve gedexTa

b(x) - MaAcCKa ge@ekTa

p() ~N(0,0) - wyMm

CS MSU Graphics & Media Practical MCMC for Missing Data Treatment in Degraded Video. Anil
Lab (Video Group) Kokaram European Conference on Computer Vision workshop on
Statistical methods in video processing. 2002.
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YaaneHue aemeKToB
i BanecoBckum noaxon

Moaenb nocnieaoBaTebHOCTU:
In(x) = In—1(x + dpn n-1(x)) + e(x)
dnrn-1(x) - MV
e(x) ~ N(0,02) - OLINOKA OLIEHKM

CS MSU Graphics & Media Practical MCMC for Missing Data Treatment in Degraded Video. Anil
Lab (Video Group) Kokaram European Conference on Computer Vision workshop on
Statistical methods in video processing. 2002.
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YaaneHue aemeKToB
i BanecoBckum noaxon

Of(x) u Os(X) mackn HecooTseTCTBYS.
Oy (x)paBHa 1, ecnn faHHbIX Kagpa N HeT Ha kaape n-1.
b(x) - macka nedekTos.

O(x) - BekTOp 06BEAMHAIOLLMI I.(x), ¢(x) ,
dnn_1,02(x), b(x), Op(x), O¢(x)

6’(—x) - 3HaYeHun4 G(x) B TOYKaX, OT/IMYHbIX OT X.
Hy>XHO OLUEHUTb

p(0(x)|Gn(x), In—1, Int1,0(—x))

CS MSU Graphics & Media Practical MCMC for Missing Data Treatment in Degraded Video. Anil
Lab (Video Group) Kokaram European Conference on Computer Vision workshop on 76
Statistical methods in video processing. 2002.



YaaneHue aemeKToB
i BanecoBckum noaxon

p(0(x)|Gr(x), In—1, Int1,0(—x))
o p(Gr(x)|0(x), In—1, In+1)p(0(X)|In-1, Int1,0(—x))
= p(Gn(x)|In (%), c(x),b(x))
x p(In(x)|T,0¢(x)*, d(x),05(x),05(x), In—1, Int1)
x p(b(x)|B)p(c(x)|C)p(d(x)| D)p(oe(x)?)
p(0s(x)[0")p(05 (x)|07)
B.C.D.0. Of I - pacnpegenenme b.c,d, Oy, Of

n I, B okpecTHoCTK X

p(a?) « 1/a2 - BEpOSATHOCTb OLUMOKM

CS MSU Graphics & Media Practical MCMC for Missing Data Treatment in Degraded Video. Anil
Lab (Video Group) Kokaram European Conference on Computer Vision workshop on 77
Statistical methods in video processing. 2002.



YaaneHue aemeKToB
i BanecoBckum noaxon

P(Gn(X)|In(x), c(x),b(x))=

= 0(Ga(x) — I(x)(1 - b(x)) — b(x)c(x))

pIn(x)|In-1,In+1)
((1 — Op(x)) (In(x)

exp —

— In_1(x+ d)n,n—l)Q)

202

((1 — Of(x))(In(x) = Iny1(x + dn,n+l))2)

2
202

x exp(—a0s(x)) exp(—aO;(x))

X exp —

CS MSU Graphics & Media Practical MCMC for Missing Data Treatment in Degraded Video. Anil
Lab (Video Group) Kokaram European Conference on Computer Vision workshop on 78
Statistical methods in video processing. 2002.



YpaneHne nedekToB

i barecoBckun noaxoa

ME — no 6nokam

pa(dn,n-1(x)

exp —

dn,n-1(=%), V(x)) x

S A dn,n1 (%) - d(xv)]Q)

\xu EV(x)

V(x) - MHOXeCTBO coceaHux 610K0B

A(v) - 06bpaTHO nNponopuMoHasibHa
PACCTOSAHUIO Mexay 6/10KkamMu

CS MSU Graphics & Media Practical MCMC for Missing Data Treatment in Degraded Video. Anil

Lab (Video Group)

Kokaram European Conference on Computer Vision workshop on
Statistical methods in video processing. 2002.
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YpaneHvne nedeKToB

barecoBckun noaxoa
pe(c(x)|C) o

exp (— A (1 —u(x,x + vi))(e(x) — e(x + v;g)Q)
e

=1

GRAPHICS & MEDIA LAB
VIDEO GROUP

po(b(x)|B)

8

exp (— Z)\i(l — u(x,x + vi))|b(x) — b(x + v;g)|>
k=1

V. - BEKTOPbI CMELLEHNS MEXAY X N MUKCENSMN U3
OKPECTHOCTM X
u(X,X—+Vy)paBHo 1, e MeXay X +v, U x €CTb
PE3KNUN Nepexoa.
c C b __ b }
A = A|ve |, A = A7/[vi]

CS MSU Graphics & Media Practical MCMC for Missing Data Treatment in Degraded Video. Anil
Lab (Video Group) Kokaram European Conference on Computer Vision workshop on 80
Statistical methods in video processing. 2002.



YpaneHvne nedeKToB

barecoBckun noaxoa

Hy>XHO HaWTK, rae AOCTUrAEeTCA MaKCUMYM
p(0(x)|Gn(x), In-1, Int1,0(—x))
X p(Gn(x)|0(x), In—1, Tn41)p(0(X) [ In—1, Iny1, 0(—X))
= p(Gn(x)[In(x), c(x), b(x))
X p(In(x)|T, 0¢(x)*, A(x), 04(x),05(x), In—1, Ins1)
x p(b(x)| B)p(c(x)|C)p(d(x)| D)p(a(x))p(oe(x)?)
p(04(x)|0°)p(0f (x)|07)

MoXXHO ncrnosib3oBaTb caMmnnep 'mbbca.

CS MSU Graphics & Media Practical MCMC for Missing Data Treatment in Degraded Video. Anil
Lab (Video Group) Kokaram European Conference on Computer Vision workshop on 81
Statistical methods in video processing. 2002.



YaaneHvne nedeKToB <&
‘L Camninep 'mbbca

N3sectno p(alb,...,z), p(bla,c,...,z), p(z]a,...,y)
Nammmanmsu pyema,,..., Z,
N p a3 BeIIOIHIEM

{

a;, ~ p(alb;_y,....z;_;)

bi - p(blaiici—l"“’zi—l)
fi ~ p(zl|a;,b;,....y;)

CS MSU Graphics & Media Practical MCMC for Missing Data Treatment in Degraded Video. Anil
Lab (Video Group) Kokaram European Conference on Computer Vision workshop on 82
Statistical methods in video processing. 2002.



i CoaepyxaHue

= BBegeHme

= MeToabl NoncKka AedeKToB

= MeToAabl yaaneHmsa aedeKkrtoB
= [lanbHeunLwmne nnaHobl

= CnNncok matepunanoB

CS MSU Graphics & Media
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i [lanbHeuLwune nnaHbl

= OnpoboBaTb pacCMOTPEHHbIE METOAb

= [lopaboTtaTtb punbTp Ang obpabotkn Betacam
BMOEO
= [1oUCK U vyAaleHNE UBETOBbIX MATEH
= AJANTUBHOCTb

= Moandukaumns ans BOCCTaHOBNEHUS apXUBHOIO
BUAEO

CS MSU Graphics & Media
Lab (Video Group) 84



i CoaepyxaHue

= BBepeHue

= MeToabl NoncKka AedeKToB

= MeToAabl yaaneHmsa aedeKkrtoB
= [lanbHenwmne niaHobl

= CNMcok MmaTepunanoB
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Cnnucok MaTtepuanos

i (1/2)

A contrario False Alarms Removal for Improving Blotch Detection in Digitized Films Restoration. 7ilie, S.
Laborell, L. Bloch, I. Systems, Signals and Image Processing, 2007 .

Advances in the detection and reconstruction of blotches in archived film and video. Kokaram, A.C. 1EE
Seminar on Digital Restoration of Film and Video Archives

An improved motion-compensated restoration method for damaged color motion picture films. Gangal Al ;
Kayikcioglu Temel; Dizdaroglu Bekir, Signal processing. Image communication. 2004

Automated treatment of film tear in degraded archived media. D. Corrigan, A. Kokaram, IEEE, 2004.

Blotch Detection for Digital Archives Restoration based on the Fusion of Spatial and Temporal Detectors.
Tille, S. Laborelli, L. Bloch, I. 9th International Conference on Information Fusion, 2006.

Complex event classification in degraded image sequences. Rares, A.; Reinders, M.J.T.; Biemond, J.
Image Processing, 2001.

Fast and efficient MRF-based blotch detection algorithm for degraded film sequences. Sang-Churl Nam,
Abe, M.; Kawamata, M. Intelligent Signal Processing and Communication Systems, 2007. ISPACS 2007.

A NEW NON-LINEAR FILTER FOR VIDEO PROCESSING. V. Zlokolica, W. Philips, D. Van De Ville, 3rd IEEE
Benelux Signal Processing Symposium (SPS-2002). 2002.

Motion compensated film restoration. Buisson O., Boukir S., Besserer B. Machine Vision and Applications N
13. IEEE Computer Society, 2003.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Cnnucok MaTtepuanos

i (2/2)

Fusion of complementary detectors for improving blotch detection in digitized films. Sorin Tilie, Isabelle
Bloch, Louis Laborelli. Elsevier Science Inc. 2007.

On missing data treatment for degraded video and film archives: a survey and a new Bayesian approach.
Kokaram, A.C. IEEE Transactions on Image Processing. 2004.

Pathological Motion Detection for Robust Missing Data Treatment in Degraded Archived Media. Corrigan,
D. Harte, N. Kokaram, A. IEEE International Conference on Image Processing, 2006.

Practical MCMC for Missing Data Treatment in Degraded Video. Ani/ Kokaram European Conference on
Computer Vision workshop on Statistical methods in video processing. 2002.

Trainable blotch detection on high resolution archive films minimizing the human interaction. Attila Licsar,
Tamas Sziranyi and Laszlo Czuni. Machine Vision and Applications. 2007.

Trainable post-processing method to reduce false alarms in the detection of small blotches of archive
gggg Licsar, A.; Czuni, L.; Sziranyi, T. IEEE International Conference on Image Processing, 2005. ICIP

Restoration and Storage of Film and Video Archive Material. P.M.B. van Roosmalen and J. Biemond and
R.L. Lagendijk Restoration and Storage of Film and Video Archive Material. 1999.

Blotch and Scratch Detection in Image Sequences based on Rank Ordered Differences M. J. Nadenau and
S. K. Mitra 5th International Workshop on Time-Varying Image Processing and Moving Object
Recognition, September 5-6, 1996

Restoration of Archived Film and Video. P. M. B. van Roosmalen. Ph.D. dissertation, Tech. Univ. Delft,
Delft, The Netherlands, 1999.

Joyeux L., Boukir S., Besserer B., Buisson O. Reconstruction of degraded image sequences. Application to
film restoration // Image and Vision Computing Volume 19 N 8. London, UK: Elsevier, 2001. P, 503-516.
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