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» llocTaHoBKa 3a1aun

> Moaenu pasMbIThsA

» Anroputmsel Deblurring-a
> llpemaraeMpin aJITOPUTM
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IlocTaHOBKA 3amaun

GRAPHICS & MEDIA LAB
VIDEO GROUP

Deblurring — sTo mponecc ycrpanenus 3¢ dexra
pa3mbrtus (blur).

Takou 3 PpeKT MOKET IMOSBUTHCS B PE3YIbTATE:
IJIOXOH (DOKYCHPOBKH KaMEPhI
JIBUXKECHUMN KaMEPhI

IBYKCHUN OOBEKTOB B KAJIpE

S O

BJIWSIHUSL CPCIBI

\ 4

N T.II.
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IlocTanoBka 3agauu
MamemadmudecKdal MO@@JZb GRAPHICS & MEDIA LAB

VIDEO GROUP

J[71 BOCCTaHOBIIEHUS U300pakeHHsI, HEOOXOAUMO ITIOCTPOUTD
MAaTE€MaTUYECKYI0 MOJEIIb NCKAKEHUS, BOSHUKIIETO B IIPOLIECCE

| y = B(X)

B — oneparop MOAEIHUPYIOIINNA pa3MbITHE
X — MCXOJIHAsl KapTHUHKA
Y — pa3MbITasi KApTUHKA

YacTo B MOJICJIb PA3MBbITHA BKIIIOYAKOT BJIIMSAHHNC IyMa.

y=B(X)+7

3aTeM HEOOXOUMO BBIITOJHUTH 00paTHOE MPEOOPa30BAHUE B
paMKax IMOCTPOCHHOM MOACHH (3Has Y, HAUTH X)
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IlocTanoBka 3agauu
ocooennocmu 3a0ayu Deblurring-a GRAPRICS & DA 15

VIDEO GROUP

¢ OOpaTHas 3aga4a HE UMEET KOPPEKTHOIO PEIICHUS
¢ PemeHue 101KHO OBITh YCTOMYMBO K IITYMY

¢ Pemienuve 10KHO OBITh YCTOMYHMBO K HETOYHOMY
OTIPEJICTICHUIO TapaAMETPOB

¢ He cymecTtByeTr METPUKU aA€KBATHOU BU3YAIIbHOMY
BOCIIPUATHUIO
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cnoarcuviu Blur 6 suoeo B oo s

VIDEO GROUP
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> llocTaHoBKa 3agaun

> Moaenu pa3sMbIThsA
> Uniform Blur
> Non-uniform

» Anroputmsel Deblurring-a
> lIpenmaraemMein alIropuTM
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Uniform Blur

GRAPHICS & MEDIA LAB
VIDEO GROUP

Pa3mMpITHE M300paxkenus Ha3zpiBaeTcs Uniform blur, ecim
OIIEPATOP PA3ZMBITHSA MOXHO MPEACTABUTH CBEPTKOU:

y =B(X) < Yy = X* psf
Onepanys CBEPTKU NPEACTABIISIETCS HHTETPAJIOM:
(a*b)(i, j) = [[ a(i + x, j + y)b(x, y)dxdy

psf (Point Spread Function), y1oBiIeTBOpSET yCIOBHIO
HOPMUPOBAHHOCTH:

psf % 1.co]
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Uniform Blur LD

n p umMe p GRAPHICS & MEDIA LAB

VIDEO GROUP

Source image Point Spread Function Blurred image

CS MSU Graphics & Media Lab (Video Group) 10



Uniform%ilu'r

n p UM e p GRAPHICS & MEDIA LAB
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Lens Blur
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Non-Unifbri m Motion Blur

npumep GRAPRICS & WEDTA L

VIDEO GROUP

Camera Motion Blur Object Motion Blur
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Combined Blur

B - cnoxHbin blur - HOpMarnbHbIA blur [ ] - 6e3 blur-a
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> llocTaHoBKa 3amauu
> Moxaenn pa3MbITUs

» Anropurmsl Deblurring-a
Unsharp mask

Wiener

Lucy-Richardson
PerynsapusanimoOHHBIE METOIbI

VM Y

> llpennaraembiv aJiropuTm

CS MSU Graphics & Media Lab (Video Group)

GRAPHICS & MEDIA LAB
VIDEO GROUP
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Unsharp mask

GRAPHICS & MEDIA LAB
VIDEO GROUP

B camoMm npocTom Bapuante, Unsharp mask
BBIYUCIISIETCS IO CACAYIOMIEH (hopMyJIe:

X=y+a(y—B(y)) =0Q+a)y—aB(y)

B — onepaTop pa3MeITus
Y — pa3MbITOEC H300paKECHUE

X — pe3Koe N300paxKeHne

— O 0 :}.
el |
X y B(y)
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Wiener

GRAPHICS & MEDIA LAB
VIDEO GROUP

Teopema o CBEpPTKE:
FFT (a+b)=FFT (a)- FFT (b)
B aBHOM Bune:

),Z(k,l)z j‘yz(k_’ll)yo(’\kil) :
(ke +17) "+ A4-y(k,I)

1) KpamHe HEYCTOMYHMB K HETOUYHOMY OIPEIACICHUIO
[apaMeTpoB

2) ©e npumernM K Non-Uniform mozenu pa3MbITus

CS MSU Graphics & Media Lab (Video Group) 18



Wiener

VIDEO GROUP

n p Z/U‘/l e p bl GRAPHICS & MEDIA LAB

pa3MbITOE BOCCTaAQHOBJ1IEHHOE BOCCTaHOBJ1IEHHOE C

E
n3obpaxkeHme C TOYHbIM BEKTOPOM HETOYHbIM BEKTOPOM |
BEKTOP pa3MbITUS: BEKTOP pa3MbITUS:
anuHHa 10 nukcenewn AnvHHa 9 nukcenen
yron O rpagycos yron 5 rpagycos
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Lucy-Richardson

GRAPHICS & MEDIA LAB
VIDEO GROUP

y Y - pa3MbITOE U300paXkeHue

Xi+1 — Xi ' B B(X ) B - onepatop pa3mbiTus
i

B - conpspKeHHbI oneparop

€ aJIrOpUTM UTEPATHUBHBINM, HO CXOIUTCS OBICTPO

€ cciau Ha U300paKEHHUE HE HAKIIAAbIBAIOTCS
orpaHu4dcHus, T0 LR HaxoauT onTtuMaibHOE
pelieHue A n3oopaxenui ¢ [lyacconoBckum
IITyMOM

€ ccituac LR aktuBHO ncnoab3yercs NASA B
ACTPOHOMUH

CS MSU Graphics & Media Lab (Video Group) 20
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pa3MbITOE BOCCTaAQHOBJ1IEHHOE
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PeryisapusanmnoHHbIE
METObI =
B o6111eM BHAE UIETCS PELICHUE 3a1a4H:
arg min {HB(X) -~ yHCl + f (x)}

X

B kauectBe C1 moxHO BEIOpaTh HOpMY L2, a B kauecTBe T MOXKHO
BBIOpaTh |VX| , M pelaTh METOAOM IpaMEHTa

1) peuIeHue UILETCI UTEPATUBHBIMU AJITOPUTMAMHU, CKOPOCTH
CXOJMMOCTHU HU3Kas

2) PETYIAPU3AUOHHBIE METO/IbI YCTOMYUBBI K HETOYHOMY
OIIPEACIIEHUIO TAPAMETPOB

3) TeopeTndecku BappupoBanuem Cl u f MoxxHO mocTHub
ONTUMAIBHOIO PEIICHUSA

CS MSU Graphics & Media Lab (Video Group) 22
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GRAPHICS & MEDIA LAB
VIDEO GROUP

> IlocTaHOoBKaA 3a/1aum
> Moaenu pasMbIThsA
» Anroputmsel Deblurring-a

> lIpemiaraeMpinl aJITOPUTM
» OrnpeieieHue pa3MbITHS
» Debluring

» EM muHumu3zanus apreakToB
» BeljieaeHre 1 yiaaeHHue apTe(hakToB

» HeanekBatHOCTE PSNR
» CpaBHEHHE AITOPUTMOB
> Pe3yibTarhl HA BUAEO

CS MSU Graphics & Media Lab (Video Group) 23
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OmnpenelieHue pa3MbITHS

Hcnons3oBanne ME, kak nctounnka rmapameTpoB

PA3MBITHS

1) OnpenencHue BEKTOpa
Pa3MBITHUS

BV =MV -t/T
BV — BeKkTOp pa3MbITHs
MV — BEKTOp IBHKEHUSA
t — Bpems BBIIECPKKU
T — BpeMs Mex1y KaapaMu

2) ®unbTpanus BEKTOPOB

CS MSU Graphics & Media Lab (Video Group)

NMpUMep NIIOXOro onpeaeneHns
BEKTOpa pa3MbITy1s

GRAPHICS & MEDIA LAB
VIDEO GROUP
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OmnpeeiiCHUe pa3MbITHS

GRAPHICS & MEDIA LAB
VIDEO GROUP

Tuner ob0macten nocie GuiIbTpauu
1. OO6macTu He OTHOCSIIMECST K H300PaKEHHIO

2. OO6macTy i1 KOTOPBIX HE yIaJ0Ch ONPEIETUTE
nerokenne no ME

3. O6macTv 11 KOTOPBIX yAaJI0Ch ONPEIETUTE
nsmxeHne mo ME

a) 001acTH C MPOCTHIM JBUKEHUEM

D) oGnacTu co CIOKHBIM JBUKEHUEM

CS MSU Graphics & Media Lab (Video Group) 25



GRAPHICS & MEDIA LAB
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Unsharp mask

bR

Kak BUIHO M3 IPUMEPOB BOCCTAHOBJIEHUS, AJITOPUTMBI
AeOJIFOpMHTa CO34AI0T XapaKTepHbIe apTedaKkThl BOINU3U
PE3KHUX T'PaHMIL

CS MSU Graphics & Media Lab (Video Group) 26
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MuHuMM3aus apTepakToB :

GRAPHICS & MEDIA LAB
VIDEO GROUP

3anuineM peIieHrue B BUJIC:

[Xide) =[%1, + T(Ly—B(X)] )

BapsupoBanuneMm f MOXXHO HONyYUTh pPEIICHHE
oOamaroiee MmakcuMaiabHbIM PSNR B 00/1acTsax
oOpa3zoBaHHus apTePAKTOB

CraTucTHYecKuii aHaau3 mokasai, uro T xoporo
ANMpPOKCUMHUPYETCS (PYHKIIMEN BUIA:

() = X'

CS MSU Graphics & Media Lab (Video Group) 27



Munnmusanus apredakToB
npumep 60CCmMadHO6J/IEHUAA GRAPHICS & MEDIA LAB

VIDEO GROUP
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pa3MbITOE BOCCTaAQHOBJ1IEHHOE
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KoMOMHHPOBaHNE aIrOPUTMOB
onucanue memooda GRAPHICS & MEDIA LAB

VIDEO GROUP

[IpuMeHss K BOCCTaHOBIICHHOMY (JTIOOBIM METO0M)
M300paKEHUIO BBIICJICHNE IPAHUL], MOXKHO OIPEACIUTh
00J1aCTH coJep Kallue apTe(PaKThI.

3aTeM IpoOJIEMHBIE 00JaCTH 3aMEIIAKOTCs 00JIaCTAMU
13 U300pa’keHHs, ITOJYYEHHOTO BHIIIICONMCAHHBIM
METOJ0M MHUHHUMHU3ALKUU apTe(PaKTOB.

Tak MOXXHO MOIYYHUTh OYEHBb OBICTPOE, HO B TO XK€
BpEMsI KAUECTBEHHOE PEIICHUE.

CS MSU Graphics & Media Lab (Video Group) 29



Hpezmapa; ieMBIﬁ AITOPUTM
aeMOHcmpal/ﬂ/lﬂ ]I/len/IOaa GRAPHICS & MEDIA LAB

VIDEO GROUP

Pesynbrar

30



Cp&BHGﬂYX peLIeHU N
LR, PSNR 27.62 SSIM 0.768 AR
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CpaBHeg 1€ ABYX PCIICHUU

npeonazaemouti, PSNR 27.41 SSIM 0.764  ewissiouie

VIDEO GROUP
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Kagp ncxogHoro Bnaeo Kagp obpabotaHHoro Buaeo

Ka,u,p C OYEeHb CITOXKHbIM ABWXEHUNEM

CS MSU Graphics & Media Lab (Video Group) 33
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Kagp ncxogHoro Bnaeo Kagp obpabotaHHOro Bnaeo 2

Ka,u,p C OYEeHb CITOXKHbIM ABWXEHUNEM

CS MSU Graphics & Media Lab (Video Group) 34



Pe3ynpTaTel Ha BUIEO

! VIDEO GROUP
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B GRAPHICS & MEDIA LAB

Kagp ncxogHoro Bnaeo Kagp obpabotaHHOro Bnaeo 2

CS MSU Graphics & Media Lab (Video Group) 35
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Hnwh |

Kagp ncxogHoro Bnaeo Kagp obpabotaHHoro Buaeo

CS MSU Graphics & Media Lab (Video Group) 36
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Pe3ynbTaTel Ha BHIEO

GRAPHICS & MEDIA LAB
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cxogHoe BUaeo ObpaboTaHHOE BUAEOD
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Football #56 7

Source
image

MSU Deblur
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Non-Uniform Motion Blur Oy
Soccer #119 s et

VIDEO GROUP

Source
image

Lucy-Richardson  ==—u— : | MSU Deblur

Hnwh |
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Non-Un‘%ﬂotion Blur

FOOtba”_Z #162‘ b i = GRAPHS&MIALAB

VIDEO GROUP

Source

Lucy-Richardson
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