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Single-image
i Super-resolution

3aza4a: 13 n3o0bpaxkeHns HU3KOro paspeLleHuns
NoSy4nTb N306pakeHne BbICOKOro pa3peLueHusl.

Tunn4yHble NpobsieMbl MPOCTbIX aNIrOPUTMOB:
= Pa3smbiTne

= JXO

= ANlMACUHI

CS MSU Graphics & Media Lab (Video Group) 3



Single-image
* Super-resolution

OcHOBHOEe npeanonoXXeHue:
Ha ocHOoBe cpeaHuX YaCTOT MOXXHO AOCTPOUTb
BbICOKME 4aCTOThl

CS MSU Graphics & Media Lab (Video Group)



Single-image
i Super-resolution

OCHOBHbIe NMOAX0Abl:

= 3BNneyeHne nHpopmaLnm n3 HeCKOTbKUX
n3obpaxkeHnmn

= /I3BNneyeHne nHpopmaLmnm n3 rnoxoxmx
obnacten BHYTpU Kaapa

= CnoBapHble MeToabl

= Deblurring (Hanpumep, MoaenmpoBaHue
andaysun)

CS MSU Graphics & Media Lab (Video Group)



i Copep>kaHue

= BBegeHue

= Contourlet learning
= Repetitive structures
= Contour stencils

= Softcuts
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Contourlet learning
KoHTypneT-npeobpa3oBaHue

= [loxoxe Ha BenBneT-rnpeobpasoBaHmEe

= CoxpaHseT BbICOKME 4YacCToThl MO
AVaroHanbHbIM HanpaBneHUam

[lapamMeTpbl pa3foXXeHns:
= KONMM4yecTBO YpPOBHEN PA3/I0XKEHUS

= KOonmyecTtBo HanpaBneHMn pasnoXXeHns Ha
KaXXAOM YpPOBHE

Jiji, C. V., and S. Chaudhuri, Single-frame image super-

CS MSU Graphics & Media Lab (Video Group) resolution through contourlet learning., EURASIP, 2006 7



Contourlet learning
KoHTypneT-npeobpa3oBaHue

KonnyecTBo HanpaB/ieHUA PA3NOXEHNSA Ha
Ka>XZIOM YPOBHE MOXET OT/INYaTbCH

s ™ g ™
w3
T (m, )
> 2
o\ 1| 2/

’ 4

6 5
> Wy

4 7

Input image . : 3/211\0
O B
vy kS A

Laplacian pyramid  Directional decomposition
(scale) at each scale

Jiji, C. V., and S. Chaudhuri, Single-frame image super-

CS MSU Graphics & Media Lab (Video Group) resolution through contourlet learning., EURASIP, 2006 8



Contourlet learning
[IpMep pa3noXxeHus

= 3 YPOBHS

= 8 HanpaBneHuUn pasnoXKeHus
Ha NocnegHeM ypoBHe

KonnyecTtBo HanpaBneHum

Ha Ka)XAOM YPOBHE MOXET 6bITb --

o IIII

Jiji, C. V., and S. Chaudhuri, Single-frame image super-

CS MSU Graphics & Media Lab (Video Group) resolutlon through contourlet learning., EURASIP, 2006



Contourlet learning
ANCKenn KapTUHOK

YBenndeHue paspeLlleHmnsa — aTo 0

BOCCTAHOBJ/IEHME eLle 0aHOro YpoBHS
Pa3/1I0XKEHUS.

[IT] IV

= Ha HekoTopoM Habope m3o6pa>|<eHvu‘/’|
co3aaéM 6a3y COOTBETCTBUN "‘ I
<CpeHue YacTOTbl — BbICOKME YaCTOTbI> ' ’

= Vicnonb3yem 3Ty 6a3y B paﬁOTe ‘=~ _______________ ‘x _________________
anropuTMa: no cpeaHe4yacToTHON
cocTasnstowen nogbmpaem Hanbonee |
BEPOSITHYIO BbICOKOYACTOTHYIO s . |

Jiji, C. V., and S. Chaudhuri, Single-frame image super-
. . . lution th h contourlet | ing., EURASIP, 2 1
CS MSU Graphics & Media Lab (Video Group) resolution through contourlet learning., EU , 2006 0




Contourlet learning
ANCKenn KapTUHOK

= [1na obnactn 4x4 (HR) obpa3zen 0
13 6a3bl BbIGUpaeTcs i
MO MUHUMANbHOW abCoNOTHOM )
pa3Hoctu (MAD) T

= Ecnv MAD 6onbLue nopora, .
TO BbICOKME HYaCTOThl
He 3aMOsHSKOTCS RSO - S

X1 E:~::|

Jiji, C. V., and S. Chaudhuri, Single-frame image super-

CS MSU Graphics & Media Lab (Video Group) resolution through contourlet learning., EURASIP, 2006 11



Contourlet learning
ANCKenn KapTUHOK

GRAPHICS & MEDIA LAB
VIDEO GROUP

m(p,q)
= arg%i)’% [ |di(i, ) — diw(p,q) ]| >
+ |du(i+ My, j) — dyon (p + My, q) | [E] [[i
+ | d (i, j + M) = dygon (p, g + My) |
+ | dy (i+ My, j+ M) v o |
— dpyon (p + My, g+ My) |
+ Sv + Syr + Svir + Svi | ;w[ — A
where M, = M/4 and
Sy = |dv(2i,2)) — dvn (2p,29) | RLSU— R SR—
+ | dv(2i,2 + 1) — dyon (2p, 2 + 1) |
+ |dv(2i +1,2)) — dyn (2p + 1,29) |
+ dv(2i+1,2j + 1) — dyw (2p + 1,2 + 1) | R SS— R
Jiji, C. V., and S. Chaudhuri, Single-frame image super-
resolution through contourlet learning., EURASIP, 2006 12
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Contourlet learning
Pe3ynbTaThl

Original

Jiji, C. V., and S. Chaudhuri, Slngle—frame image super-

CS MSU Graphics & Media Lab (Video Group) resolutlon through contourlet learning., EURASIP, 2006 13



Contourlet learning
Pe3ynbTaThl

Contourlet, 21.81 dB

L

Jiji, C. V., and S. Chaudhuri, Single-frame image super-

CS MSU Graphics & Media Lab (Video Group) resolution through contourlet learning., EURASIP, 2006 14



Contourlet learning
Pe3ynbTaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

Bicubic, 19.95 dB

Jiji, C. V., and S. Chaudhuri, Single-frame image super-

CS MSU Graphics & Media Lab (Video Group) resolution through contourlet learning., EURASIP, 2006 15



Contourlet learning
Pe3ynbTaThl

35

30

25

PSNR, dB

20 4

15 A

10 -

CS MSU Graphics & Media Lab (Video Group)

Contourlet learning results

m Bicubic

B Wavelet learning w/o smoothing

m Wavelet learning with smoothing

B Contourlet learning

Tiger Fingerprint Texture Face

Image  jjji, C. V., and S. Chaudhuri, Single-frame image super-
resolution through contourlet learning., EURASIP, 2006

GRAPHICS & MEDIA LAB
VIDEO GROUP
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Contourlet learning
BbiBOAbI

J10CTOMHCTBa

= BoccTaHoBneHMe BbICOKMX YacToT,
OTCYTCTBYIOLLMX Ha U306paxxeHnm

= Xopollee BOCCTaHOBNEHNE HAK/IOHHbIX JIMHUM

HegoctaTku

= Heobxoanma 6a3a COOTBETCTBUSA CpeAHUX U
BbICOKMX YacTOT

= basa MoXeT ObITb NPUrosiHa TONbKO NS Y3KOro
Kflacca n3obpaxxeHnn

17
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i Copep>kaHue

= BBepgeHue

= Contourlet learning

= Repetitive structures
= Contour stencils

= Softcuts

18

CS MSU Graphics & Media Lab (Video Group)



‘L Repetitive structures

Npea anroputma:

= B LR-n3o06paxkeHunm
C cybrnmkcenbHOM TOYHOCTbIO
ULLLYTCS MOXOXWE 3M1EMEHTbI

= Kaxxabiv nukcenb HR-n306paxkeHus
BOCCTaHaB/IMBAETCS HA OCHOBE
HECKONbKUX 3/IEMEHTOB
LR-n306paxenuns (ecnm Hauaércs
[OCTaTOYHO NMOXOXKUX 3N1IEMEHTOB)

Luong, H.Q., A. Ledda and W. Philips, An Image Interpolation

CS MSU Graphics & Media Lab (Video Group) Scheme For Repetitive Structures, ICIAR 2006 19



Repetitive structures
Bbibop noxoxxumx 610KoB

s CC - cross-corelation
= MAD — mean absolute difference
= Q — pedepeHcHbIN 610K

= M(X) — TOYKa C KapTUHKN, COOTBETCTBYIOLLAsS TOUKE
pedepeHcHoro 6noka

Z (B(m(x)) - E) (Bref(x) — Bref)

Loc = e —
Z (B(m(x)) - 3)2 Z (Bref(x) - Bref)2

1
EMAD — m Z |B(m(x)) - Bref(x)|
XEhQLuong, H.Q., A. Ledda and W. Philips, An Image Interpolation

CS MSU Graphics & Media Lab (Video Group) Scheme For Repetitive Structures, ICIAR 2006 20



Repetitive structures
BoccTtaHoBneHne HR-nukcens

BO3MOXHbIe cny4yau:

= Heckonbko 6n10koB nokpbiBatoT HR-Nukcenb
(~31% nukcenen)
Pe3ynbTaT — MegmaHa No BO3MOXHbIM 3HAYEHUAM

= HR-nukcenb cootBeTcTBYET LR-NKMKcento
(~1,5% nunkcenen)
Pe3ynbTaT — LR-3Ha4yeHne nmkcens

= Hu ogmH 610K He nokpbiBaeT HR-NuKcenb
(~67,5% nnkcenen)
Pe3ynbTaT — nHTEepnonsums rno LR-n3obpaxkeHuio

Luong, H.Q., A. Ledda and W. Philips, An Image Interpolation

CS MSU Graphics & Media Lab (Video Group) Scheme For Repetitive Structures, ICIAR 2006 21



Repetitive structures

Pe3ynbTaThl
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Repetitive structures

Luong, H.Q., A. Ledda and W. Philips, An Image Interpolation
Scheme For Repetitive Structures, ICIAR 2006
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Repetitive structures
Pe3ynbTaThl

leo lco leo

Nearest neighbor Bicubic Repetitive structures

Luong, H.Q., A. Ledda and W. Philips, An Image Interpolation

CS MSU Graphics & Media Lab (Video Group) Scheme For Repetitive Structures, ICIAR 2006 23



Repetitive structures
BbiBOAbI

J10CTOUHCTBA
= Bu3syanbHoe KayecTBo

= XOpOLINK pe3ynbTaT Ha HEKOTOPbIX KNnaccax
n3o0bpaxkeHnn

HenocrtaTku

= BbluncnnTenbHas cnoXHocTb (MOSHbI
nepebop no 6510kam)

CS MSU Graphics & Media Lab (Video Group) #



i Copep>kaHue

= BBegeHue

= Contourlet learning
= Repetitive structures
= Contour stencils
= Softcuts

25
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i Contour stencils

= VIHTepnonsaums BAOb rpaHuL

= OnpepeneHne HanpaBieHUN rPaHULL No
LabnoHaMm

= [IBa noaxoaa: nokasnbHbi (06paboTka
HebonblLuMX obnacten) n rnobanbHbIv
(perynsipnsauuns rpada n3obpaxkeHus)

P. Getreuer, “Image zooming with contour stencils.”

CS MSU Graphics & Media Lab (Video Group) ' °0ceedings of SPIE, vol. 7246, 2009.
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Contour stencils
[epBbi noaxoa

= PaccMaTtpuBatoTcsa 61oku 4x4 nukcens

= [Ina Kaxxaoro 6n1oka noabupaertcs naty,
KOTOPbIN AAET HAUMEHbLLYIO NOJIHYO BapuaLmio

rl% )// » \\K -

P. Getreuer, “Image zooming with contour stencils.”
Proceedings of SPIE, vol. 7246, 2009. 27

e
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Contour stencils
[epBbi NoaxoAa: BbIOOp NaTtya

(1 a:(Z])ﬁ:(Z—lj—i—l)
1 a=(i,7),3=>G+1,5—1),
4 a=(i+1),8=(>+1,),
Sl )=« 1 a=(+1,j+1),8=/(j+2)
1 a=G+1,j+1),0=_>0+2,j)
0 otherwise

\

P. Getreuer, “Image zooming with contour stencils.”

CS MSU Graphics & Media Lab (Video Group) ' cceedings of SPIE, vol. 7246, 2009. 28



CS MSU Graphics & Media Lab (Video Group)

Contour stencils

GRAPHICS & MEDIA LAB
v VIDEO GROUP
| |
[lepBbi NoAxoAa: v HTepI'IOJ'IFI L
- T"‘"‘.:.}'. 1+1 7 r 1
N = L(v; + v
For §;; = , and the 2 (Vig + Vir1)
. ‘. . "o S:%(ttj-f—]. +1-1+1_}+1)
1sotropic tallback, do standard W 1 viie)
bilinear interpolation: ? Vi T Vig+
E = 5(1@&#13 +1-‘i+1 _7+1)
Vi, j+1 b Vit1,5+1 X %(I‘IJ + Vit1,5 + U, it+1 + Vi+1 _7-1—1)
;i N  Vit1,j
For S*. = /// and similarl ]J ”’%7? N = 5(vij +vit1,;)
org_iij = %a.n similarly S = L(vier +visni)
for %\ Wo Xpo OF W = 3 (vij + vij+1)
' / E = 2(vig1,j + vig1,41)
Vi j+1 5* Vi+1,5+1 X = %(ZUJA + Vig1,5)
Vig N  Vit1j
._;/ *——>0O
S = a similarly for .
For &7, ' ,_:;: and similarly for ‘j] N = (vi; + vit1,)
\HK _\%, and )H{ wo o oF > = 2 (Vi 41 + Vitr1,j+1)
: X =W=E=2(vij41 +vis1;)
Oe——=
Vig+1 S Vitlj+1
Vij N Ui+l
.. A
.. e
For S/, = /:/ and similarly for j: N =W = L(0n; + vis1,)
: Q - NIN, and | ﬁ : Wos o RE  S=E=3ij+1 +vit141)
' o ' Z{ X = 2(vij + vig15 +Vije1 + Vig1541)
Vi, 5+1 S Vit1,5+1 . . . AP/
P. Getreuer, “Image zooming with contour stencils.
Proceedings of SPIE, vol. 7246, 2009. 29



Contour stencils
[epBbi NOAXOA: MHTEPNONALMS

Ha rpaHunuax 610Ko0B MHTEPNOSIMPOBAHHbIE
3Ha4YeHUs yCpeaHsItoTCS.

-

For example, if S ; = % and 8y, ; = /Z/., then
vij N Vitlj N’ Vit2
@ >« > (O <€
Wo o) ]i)[ o\Xﬁ' o’ Wf = %(Q)T-_Jrl’j —+ 1}i+2’j)
% M=2(E+W)
> (O <€

> (O«
Vij+1 8§ Vitl,j+1 §7 Vi42,j+1

30
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Contour stencils
[epBbIM NOAX0A: pe3ynbTaThl

P. Getreuer, “Image zooming with contour stencils.”

CS MSU Graphics & Media Lab (Video Group) ' cccedings of SPIE, vol. 7246, 2009. 31



Contour stencils
[epBbIM NOAX0A: pe3ynbTaThl

P, Getreuer, Image zooming with contour stencils.”

CS MSU Graphics & Media Lab (Video Group) ' cccedings of SPIE, vol. 7246, 2009. 32



Contour stencils
[epBbIM NOAX0A: pe3ynbTaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

P. Getreuer, “Image zooming with contour stencils.”

CS MSU Graphics & Media Lab (Video Group) ' cceedings of SPIE, vol. 7246, 2009. 33



Contour stencils
[epBbiM NOAX0A: pe3ynbTaThl

CS MSU Graphics & Media Lab (Video Group) ' cccedings of SPIE, vol. 7246, 2009. 34



Contour stencils
Bropoun noaxoa

= HR-n306paxxeHne npeacraBnisieTcs B BUAe
rpada C KOMYyeCcTBOM BepLUMH B 4 pa3a
6onbLue

= Pébpa B HR-rpade cTpossTcs Ha ocHoBe
npuMeHeHuns WwabnoHoB K LR-rpady

= 3HayeHus B HOBbLIX BeplunHax HR-rpada
BblYMCNIAKOTCA C NOMOLLBIO MUHUMU3ALNK
crieduanbHoro yHKLUMoHana

P. Getreuer, “Image zooming with contour stencils.”

CS MSU Graphics & Media Lab (Video Group) ' cceedings of SPIE, vol. 7246, 2009. 35



Contour stencils
BTopon noaxopn: noctpoeHne pébep

GRAPHICS & MEDIA LAB
VIDEO GROUP

it S;, = == 4 it 87, = == or /=

P. Getreuer, “Image zooming with contour stencils.”
Proceedings of SPIE, vol. 7246, 2009. 36
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Contour stencils
Bropoun noaxoa

2
mlnE u E E lo ﬂ \ua ’U»-,B\

ac\ BeA

= [lycTb H — onepaTop, AENCTBYIOLLMN KaK
HU3KO4YaCTOTHbIN hubTp. Toraa onpeaenmMm
onepatopsbl H', G, G' Takne, yto HH + G'G =1

= Toraa HR-n3obpaxeHne MOXHO
paccMaTpmBaTb Kak u = H'v + G'd, 1 3agaua
MUHUMM3ALMK CBOAUTCS K MOUCKY d:
min E(H'v + G'd)

37
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Bropoun noaxoa

i Contour stencils

= O603HauuTbL Yepes L onepatop Jlannaca:

(Lu), = Zﬂ w(e, B)(u, —U,)

= PelleHne 3aga4m CBOAUTCA K peLleHUto
CUCTEMBI:

(G*LG')Yd = —G"*LH'v

38

CS MSU Graphics & Media Lab (Video Group)



Contour stencils
BTopon noaxoa: pe3ynbtaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

LR-kapTWHKa MepBbIn Noaxon Bropon noaxon

P. Getreuer, “Image zooming with contour stencils.”

CS MSU Graphics & Media Lab (Video Group) ' cceedings of SPIE, vol. 7246, 2009. 39



Contour stencils
BbiBOAbI

J10CTOUHCTBa:

= /IBa noaxoaa: OAMH C PacYETOM Ha CKOPOCTb,
LNPYron — Ha KayecTBo

= XopoLllas HTeprnonsauus BAO/b rPaHULL
= BO3MOXHOCTb pacnapannennBaHus BbIYNCIIEHNM

HenocTtaTKu:

= OrpaHunyeHne Ha rmbkocTb: NnoaobpaHHbIe Beca U
LLIAONOHDI

P. Getreuer, “Image zooming with contour stencils.”
. . . P di f SPIE, vol. 7246, 2009. 40
CS MSU Graphics & Media Lab (Video Group) roceedings ve



i Copep>kaHue

= BBegeHue

= Contourlet learning
= Repetitive structures
= Contour stencils

= Softcuts

41
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= ANropuTtM HaueneH Ha yCTpaHeHne anmacuHra
Npu MHTepnosauun BAOIb rpaHULL

= Vlcnonb3yoTcsa naen us anroputMoB paspesa

rpada n MmaTnpoBaHus (matting)
n3o0bpaxkeHnn

Shengyang Dai, Mei Han, Wei Xu, et al., “Softcuts: A Soft Edge
. . . Smoothness Prior for Color Image Super Resolution”, 42
CS MSU Graphics & Media Lab (Video Group) |- 1.1p 2008 ror ke o



SoftCuts

Pa3zbueHune Ha cnou

= /1306paxeHune pa3zbmnBaeTcst Ha CNon C MOMOLLbIO
anroputma Spectral matting

= Cnoun MoryT nepecekaTbCs
= [lanee kaxkabin cnon obpabaTbiBaeTcd HE3aBUCUMO

Shengyang Dai, Mei Han, Wei Xu, et al., “"Softcuts: A Soft Edge

- . . S th Prior for Color I S Resolution”,
CS MSU Graphics & Media Lab (Video Group) IE”E%OT_InPeszsoogor Or Lolor Zmage stper Resoluton 43



SoftCuts
CTpyKkTypa rpada

Beca Ha p€bpax onpeaenstoTcs no gopmyne:

. 82Ady

Wi
2|e|

o o © e 06 00 0 0
0—{—0_{5} I K O/O/A\A¢i
e e o o 00.00/,0’0/,//
® ~ ©0000 00 )Y

® 0 0 09090 ———.

© o0 0 0 0 o

Shengyang Dai, Mei Han, Wei Xu, et al., “Softcuts: A Soft Edge

. . . S th Prior for Color I S Resolution”, 44
CS MSU Graphics & Media Lab (Video Group) IE”E(EOT_Ir;,eSZSOOgor Or Lolor Zmage stper Resoluton



SoftCuts
i [lpouecc obpaboTku

= Mopenb npouecca yMeHbLUeHns
nsobpaxerus: I' = (I" xG) | +n

= [lpepnaraembiii NpoOLIECC BOCCTAHOBMIEHUS:

I = argm}n (HIZ ~(I+G) | |3+ Ag)

Shengyang Dai, Mei Han, Wei Xu, et al., “Softcuts: A Soft Edge

. . . Smooth Prior for Color Image Super Resolution”, 45
CS MSU Graphics & Media Lab (Video Group) rec 1 2000 o ope e



SoftCuts

[1poLecc 0bpaboTku

GRAPHICS & MEDIA LAB
VIDEO GROUP

[poLecc UTepaLMOHHbIW, B KQYECTBE NMepBOro nNpubmxeHuns
6epétca pe3ynbtaTt bUKybruyeckon MHTEPNONALUMN.

'Y =T — B(pre + ps) NG - KOIN4HECTBO
HanpaB/IEHUN CBA3HOCTU
pre = ((I'+G) | =I') 1 %G D, — onepaTop casura
Ds = A Z wy, Ha BEKTOP €,
1<k<ng

— D, sgn(I' — D, I')}

Shengyang Dai, Mei Han, Wei Xu, et al., “Softcuts: A Soft Edge

. . . Smooth Prior for Color Image Super Resolution”, 46
CS MSU Graphics & Media Lab (Video Group) rec 1 2000 o ope e



SoftCuts

LiBeTHbIe n3obpaxkeHus

= [1N9 UBETHbIX N306pa)KeHnn anropuTMm
YCNOXHSAETCA: KaXXabl LIBETOBOU KaHas
obpabaTbiBaeTCcs OTAENbHO, HO UCMOJb3YHOTCS
obimne paHHble 06 anbga-KaHane

= [1n9 y4yéta anbda-KaHana anasa Kaxzaoro
LIBETOBOro KaHana B KaXX0W TOYKeE
BbIYNCMISETCS «aAanTUBHbIA (paKTop»

C |Vap|00

Hp =
\/|VI§2+*}/

Shengyang Dai, Mei Han, Wei Xu, et al., “Softcuts: A Soft Edge
. . . Smoothness Prior for Color Image Super Resolution”, 47
CS MSU Graphics & Media Lab (Video Group) |- 1.1p 2003 ror ke o




SoftCuts

LiBeTHbIe n3obpaxkeHus

ApanTUBHbLIM PaKTOP MHTEPMNONNPYETCH
bUKybnyeckmm MeToaoM, T.K. anbda-KaHan
ob6nagaeT CBOMCTBOM MNaaKOCTU

Perynapusaums ¢ y4€ToM anbda-KaHana:
Il = > (wpapglly = I3))
(p,@) EN
1M = argmin (|1 = (I° + G) | [[§ + AT°[;)

Shengyang Dai, Mei Han, Wei Xu, et al., “Softcuts: A Soft Edge
. . . Smoothness Prior for Color Image Super Resolution”, 48
CS MSU Graphics & Media Lab (Video Group) ;-cc 1.1p 2009 ge >up



SoftCuts

Pe3ynbTaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

NcxogHasa KapTUHKA PesynbTaT

Shengyang Dai, Mei Han, Wei Xu, et al., “"Softcuts: A Soft Edge

. . . Smooth Prior for Color I Super Resolution”, 49
CS MSU Graphics & Media Lab (Video Group) Tree 11p 2000 o e RO



SoftCuts

Pe3ynbTaThl

NcxogHuk Bicubic Bicubic + Back- Proposed
unsharpen projection
CS MSU Graphics & Media Lab (Video Group)
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SoftCuts

CkopocTb paboThl

= Peannzauusa Ha MATLAB, PIV 3 GHz, RAM 1GB
= N306paxeHne 107x160

= Bpems paboTbl spectral matting: 120 cekyHa

= Bpema paboThl softcuts: 35 cekyHa (30
nTepauunn)

Shengyang Dai, Mei Han, Wei Xu, et al., “Softcuts: A Soft Edge

. . . Smooth Prior for Color Image Super Resolution”, 51
CS MSU Graphics & Media Lab (Video Group) rec 1 2000 o ope e



SoftCuts

BbiBOAbI

J10CTOUHCTBA
= OueHb BbICOKOE BM3YyaslbHOE KauyeCTBO

HeaocTaTku
= OyeHb HM3Kaa CKOPOCTb

CS MSU Graphics & Media Lab (Video Group) >



= Contourlet learning
= Y3KMUM Knacc 3aau
= XapaKTepHble apTedaKThl
= HeobxoammocTb 0byyeHust 6a3bl

= Repetitive structures
= OrpaHM4yeHHbIW KIacc 3aaau
= Huskasa ckopoctb paboTbl

= Contour stencils

= BbicOKasi ckopocTb paboTbl MO CPABHEHWIO C
OCTasIbHbIMM

= Softcuts
= BbICOKOe BU3YyanbHOE KayecTBOo
= OyeHb HM3Kas CKOPOCTb paboThl
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