O630p MeTOAOB
yBeJIMYeHUS pa3peLleHus
BUAeo

KapeH CUMOHSH

Video Group
CS MSU Graphics & Media Lab



i Outline

m [l0CTaHOBKA 3a4auyu

m Static SR
m IBP
m Example-based SR
m Patch-based Blind SR
m MDSP Robust SR

= Dynamic SR
= MDSP Dynamic SR

= Video Example-based SR
= Video Epitomes
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i [l0OCTaHOBKaA 3a4a4un

= HDTV-gucnneun nonyyatoT WMPOKOoe
DacrpocTpaHeHune (27% Hosbix TV, 2006)

m [IponyckHaa cnocobHOCTbL KaHanoB nepenayn
OAHHbIX pacTeT

m PacteTt uncno HDTV-kananos (>1000 B CLLA)
m HO! pond HDTV-KOHTE@HTa HeBenunKa

HeobxoanMbl CUCTEMbI YBENIMUYEHUS pa3peLLEHUS
BUAEO

CS MSU Graphics & Media Lab (Video Group)



Tunnbl aNrOPUTMOB
i yBENNYHEHNA pa3peELEHNA BUAEO

m single-frame
= MHTepnonsaums kaapos (bicubic, Lanczos...)

= multi-frame aka Super-Resolution (SR)

CKOPOCTb | KayecTBO

single-frame + —

SR - +

CS MSU Graphics & Media Lab (Video Group)



Tunbl anropnTMoB
R

SIEMENS 2 | SIEMENS A | |SiEMENS

DDDDDDDDDDDD

DDDDDDDDDDDDDD

SIEMENS

CS MSU Graphics & Media Lab (Video roup) )



Tunbl anropnTMoB
Dynami

sssssss

el ) =
CS MSU Graphics & Media Lab (Video Group)



i Outline

m [loCTaHOBKA 3a4auyu

m Static SR
m IBP
m Example-based SR
m Patch-based Blind SR
m MDSP Robust SR

= Dynamic SR
= MDSP Dynamic SR

= Video Example-based SR
= Video Epitomes

CS MSU Graphics & Media Lab (Video Group)



Static SR

Mopenb npeobpa3oBaHus

GRAPHICS & MEDIA LAB
VIDEO GROUP

CLEHa pa3MbITHE ABWXEHNE
peanibHoOro Mmnpa aTMocdhepon
Hcam

nobasneHue
LLyMa

NpopeXxunBaHue

pa3MbITNE
ONTUKOWN KaMepbl

CS MSU Graphics & Media Lab (Video Group)



Static SR
i Mopaenb npeobpa3oBaHUS

m AHaNUTUYECKU MoaeNib MOXeT ObITb 3anncaHa B
BUAe:
Y:(H >I<"‘F(H * %X )¢+V

cam atm
mution (LR) kagp ] [ High-resolution (HR) kaap ]

= B TOM nnn nHoMm Buae npuCyTCTBYET BO MHOIMMX
anropmtmax SR

s MaTtpuua H_,,, Mmogennpyet PSF (Point Spread
Function) kamepbl

CS MSU Graphics & Media Lab (Video Group)



IBP
Npes

Frame g,

Frame g,

s f— nckombin HR-kaap
m g, — k-bI LR-kagp
= f(n) — annpokcumauus

Low-res

Low-res

kaapa f nocne n ntepaunn

Noeq:.
Ecnn ymeHbwnTb Kaap f(M u

CMECTUTDb ero, To AO0JI>KHbl MOJIYHUTb

Kaapbl g

\
\

Frame g,

Low-res

|

/

Highres Image f

Irani M., and Peleg S. 1991. Improving Resolution by Image Registration,
Journal of Computer Vision, Graphics, and Image Processing, vol. 53(3), pp. 231-239. 10
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IBP

Forward projection

Ha ware n:
1. npeo6pa3OBaHme f(n) k BMAY g,:

Zf X)- hicy (my (y) - x)

XEPk

m,(y) — ueHTp obnactn Pk(y) —
npoobpasa y; onpenensiercs c
MOMOLLIbIO OLIEHKU ABUXEHUS

Irani M., and Peleg S. 1991. Improving Resolution by Image Registration,
Journal of Computer Vision, Graphics, and Image Processing, vol. 53(3), pp. 231-239. 11

CS MSU Graphics & Media Lab (Video Group)



IBP

HeBsa3ka

Ha ware n:
1. npeo6pa3OBaHme f(n) k BMAY g,:

Zf hPSF (Y)— X)

XEPk

2. "HeBsA3Ka": rk(n)(Y) = gk(Y)_ g(kn)(Y)

Irani M., and Peleg S. 1991. Improving Resolution by Image Registration,
Journal of Computer Vision, Graphics, and Image Processing, vol. 53(3), pp. 231-239. 12

CS MSU Graphics & Media Lab (Video Group)



IBP
i Backward projection

Ha ware n:
1. npeo6pa3OBaHme fN) K BUAY Qi reer. o brameg,

FO0)- R (m, (y)=x) |5 ][5
Z (Y)—x) NIE

XEPk

ot P)-5)- ) [

BecoBast PYHKLUMS ]

3. 06HosneHme HR-kagpa:
fd)(x (x)+2y Zw K,y)-r"(y)- g (m,(y)-x)

HOpMVIpOBOLIHbIM K y[xeP(y
MHOXUTENb backward ]
13

CS MSU Graphics & Media Lab (Video Group) projection filter




IBP
i Bblbop napameTpos

® a/IropuTM oueHkun asmxeHuns (global ME, optical
flow, ...)

= Bbi6op punbTpoB hy u he' (rayccnan, EWA, ...)

= BbIOOp BECOBON (DYHKLINU w(k,y)
m TOXAeCTBeHHaa ednHNLUA
B YYET paCCTodHUA MeXAY KaaApaMH
® YYET AOBEPUA BEKTOPAM OABUMXEHUA

m HayanbHoe npubnmxkeHune f0)

0= 760 33 3wl ) 1), m(y)-)

k yxeP(y
CS MSU Graphics & Media Lab (Video Group)




IBP
EWA A ioeo aRoue

Elliptical Weighted Area filter:

= poobpa3 ToUKHK
LR-kaapa
MoaennpyeTcs
3M1/7IUNCOM

® [dYCCOBO
PaA3MbITUE
MO 3JIIUNCY Kaap gy kaap f

Jiang Z., Wong T.T., and Bao H. 2003. Practical Super-Resolution from Dynamic Video Sequences.
In Proceedings of IEEE International Conference on Computer Vision and Pattern Recognition, vol. 2, pp. 549-554. 15
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IBP

* CpaBHeHVe @ Beach .
- . ' Bicubic

—_—

: _.'__‘—"

CS MSU Graphics & Media Lab (Video Group) 16



IBP

CpaBHeHMe @ Beach

-

Bicubic +
sharpen

CS MSU Graphics & Media Lab (Video Group) o Y



IBP

i CpaBHeHVe @ Beach
— - | IBP

~ - ‘ improved
> p
M . ‘ —

x4 - -
CS MSU Graphics & Media Lab (Video Group) | 18



Bicubic

19
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IBP

CpaBHeHne @ Canyon

IBP
improved

20
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IBP

CpaBHeHne @ Canyon

Ground
truth

21
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i CpaBHeHve @ Glasgow
bi ‘; BTG Sy |dompl K IBP

CS MSU Graphics & Media Lab (Video Group 22



IBP

CpaBHeHne @ Glasgow

i

J
' -

f

. IBP

23
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CpaBHeHMe @ Salesman

CS MSU Graphics & Media Lab (Video Group



=
LS

GRAPHICS & MEDIA LAB
VIDEO GROUP

CpaBHeHMe @ Salesman

IBP
improved

CS MSU Graphics & Media Lab (Video Group



IBP improved <«
i Ob6beKkTUBHbIE AAHHbIE

[lapamMeTpbl 3anycka:
m Pentium III 1GHz, 512Mb RAM
m 3 LR kagpa — 1 HR (x2) kaap

Pe3ynbTaThl:

m Beach, 720x480: 84 cek.

m Canyon, 360%x240: +1.03 ab vs Bicubic
m Glasgow, Salesman, 176x144: 25 cexk.

Jiang Z., Wong T.T., and Bao H. 2003. Practical Super-Resolution from Dynamic Video Sequences.
In Proceedings of IEEE International Conference on Computer Vision and Pattern Recognition, vol. 2, pp. 549-554. 26
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IBP

BbiBOAbI

m COOTHOLLEHWNEe CKOPOCTL/KaYeCTBO CUTbHO 3aBUCUT
OT NapaMeTpoB afiropuTMa

= [logbop napamMeTpoB ClOXeH

CS MSU Graphics & Media Lab (Video Group) 2



i Outline

m [loCTaHOBKA 3a4auyu

m Static SR
m IBP
m Example-based SR
m Patch-based Blind SR
m MDSP Robust SR

= Dynamic SR
= MDSP Dynamic SR

= Video Example-based SR
= Video Epitomes

28
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Example-based SR
Npes

® /13Ha4vanbHO NpeanoXeH single-frame metoa

m [TpeanonoXXeHne: BbICOKME YacToTbl 3aBUCAT OT
cpeaHux

= MoxHo noctpouTb b/l npeueaeHToB — 6510KkK

cpeaHnx 4acTtoT U cooTBeTCTByroine NM 610KK
BbICOKMX YAaCTOT

Freeman W. T.,, Jones T. R., and Pasztor E. C.. 2002. Example-Based Super-Resolution.
In JEEE Computer Graphics and Applications, vol. 22(2), pp. 56—65.

CS MSU Graphics & Media Lab (Video Group) 2



Example-based SR

Cxema

1. WHTepnonauua LR-kagpa

2. BblgeneHue cpegHuX 4acToT

3. [1loMCK BbICOKOYACTOTHbIX 6J'IOKOB, OMNMTUMaAJlbHbIX
B HEKOTOPOM CMbICJIE

Freeman W. T.,, Jones T. R., and Pasztor E. C.. 2002. Example-Based Super-Resolution.
In JEEE Computer Graphics and Applications, vol. 22(2), pp. 56—65.

CS MSU Graphics & Media Lab (Video Group) 30



Example-based SR
[1Tpnmep

GRAPHICS & MEDIA LAB
VIDEO GROUP

NcxoaHoe n3obpa)xkeHue

Freeman W. T.,, Jones T. R., and Pasztor E. C.. 2002. Example-Based Super-Resolution.
In JEEE Computer Graphics and Applications, vol. 22(2), pp. 56—65.

CS MSU Graphics & Media Lab (Video Group) 31



Example-based SR

NcxoaHoe n3obpa)keHne —> bicubic

CS MSU Graphics & Media Lab (Video Group) 32



NCXOAHOe U30bpa)xkeHne —> bicubic — cpeaHne 4acToThl

33
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Example-based SR

GRAPHICS & MEDIA LAB
VIDEO GROUP

COOTBETCTBYHOLLME UM BbICOKME YaCTOTHhI

CS MSU Graphics & Media Lab (Video Group) 34



Example-based SR
[1Tpnmep

+

- -

HR pe3ynbTaTt

CS MSU Graphics & Media Lab (Video Group) 35



Example-based SR

* [Tpumep

- 1. -
g -y
-z -\'¥‘%}"' ‘

HacTosilwmn HR pesynbTtat ®

36
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Example-based SR
b

m [lpeueneHT: 610K 7X7 cpegHUX 4acToT U
COOTBETCTBYHOLLMN 610K 5X5 BbICOKMX YacTOT

m  Bnoku HopManu3yrTCcs AENEHNEM Ha CpeaHUM
MoAyNb 6110Ka CpeaHMX YacToT

Freeman W. T., Jones T. R., and Pasztor E. C.. 2002.
Example-Based Super-Resolution. In JEEE Computer Graphics
and Applications, vol. 22(2), pp. 56—65. 37

CS MSU Graphics & Media Lab (Video Group)




Example-based SR

[TOUCK BbICOKOYACTOTHbIX NaTyen

CnyyanHoe none MapkoBa:
B To4Ka — 6nok 4x4

®  COCTOSIHME TOYKMU — CpeAHeYacTOTHbIN 6/10K B
n3 b/l

B [IOTEHUMAT TOYKMN.
ssD(B",B))

Freeman W. T., Jones T. R., and Pasztor E. C.. 2002.
Example-Based Super-Resolution. In JEEE Computer Graphics
and Applications, vol. 22(2), pp. 56—65.

CS MSU Graphics & Media Lab (Video Group)
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Example-based

SR

[TOUCK BbICOKOYACTOTHbLIX NaTyen

CnyyanHoe none MapkoBa:

® PACCMATPUBAIOTCH
TOJIbKO K/IMKK 2 nopsaka

second-order associated cliques:
neighbourhood O
- OO0 - OO O O O
0. OK
olele’ o O O

Bt O OO0 OO @)
| SO © S oo
@ sitex

(O site in neighbourhood 88

- other sites

N3 2 Touek

®  OTeHUMan KJMKMU:
SSD mexay
BbICOKOYACTOTHbIMU
6bnokamu B obnacTtu
NX MepPEKPbITUS

Freeman W. T., Jones T. R., and Pasztor E. C.. 2002.
Example-Based Super-Resolution. In JEEE Computer Graphics

and Applications, vol. 22(2), pp. 56—65.
CS MSU Graphics & Media Lab (Video Group)




Example-based SR

[TOUCK BbICOKOYACTOTHbIX NaTyen

[1Ba anropntMa nouncka ontTuMasibHbiX 6110KOB:
m belief propagation (MeaneHHbIN)

m 6onee 6bICTpas annpokcuMaums:
m 06paboTka 6/10KOB B OANH raster-scan npoxon

= nowuck B b/] 100 6510k0B, MUHUMU3NPYIOLLMX NOTEHLMAN
TOYKU

® [OUCK cpeaun HUX 611oka, MUHUMU3UPYIOLLErO CyMMY
NOTEHLNANOB KUK

Freeman W. T.,, Jones T. R., and Pasztor E. C.. 2002. Example-Based Super-Resolution.
In JEEE Computer Graphics and Applications, vol. 22(2), pp. 56—65.

CS MSU Graphics & Media Lab (Video Group) %0



Example-based SR

CpaBHeHue

+

Bicubic

CS MSU Graphics & Media Lab (Video Group) 4l



Example-based SR

CpaBHeHue

+

.\ . y
Example-based SR
CS MSU Graphics & Media Lab (Video Group)
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Example-based SR

CpaBHeHue

n

Bicubic

43

CS MSU Graphics & Media Lab (Video Group)



Example-based SR

CpaBHeHue

n

Example-based SR

44
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Example-based SR

CpaBHeHue

GRAPHICS & MEDIA LAB
VIDEO GROUP

Ground-truth

CS MSU Graphics & Media Lab (Video Group) 4>



Example-based SR

BbiBOAbI

m [lo6aBnga0TCa He HacTosLWMeE BbICOKME YacToThl, a
NVLWb HEYTO, UX 3aMeHgIoLLee

= 3aBUCUMOCTb OT 0byyatowen BbIOOpPKU

= BbicOKkaga BpeMeHHasa ClOXXHOCTb Nnoucka B b/l

CS MSU Graphics & Media Lab (Video Group) 1



i Outline

m [loCTaHOBKA 3a4auyu

m Static SR
= IBP
m Example-based SR
m Patch-based Blind SR
m MDSP Robust SR

= Dynamic SR
= MDSP Dynamic SR

= Video Example-based SR
= Video Epitomes

47
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Patch-Based Blind SR

i Npes

= O6beanHnTb example-based SR ¢ Moaenbio
npeobpa3oBaHms (MapaMeTpbl KOTOPOW
HeVI3BeCTHbI) B onHy BepOFITHOCTHy}O MOoA€enNb:

HR—Ka.u,p

Habop

napameTp PSF LR—Kap,pOB

Wang Q., Tang X., and Shum H. 2005. Patch Based Blind Image Super-Resolution.
In Proceedings of IEEE Conference on Computer Vision, vol. 1, pp. 709-716.

CS MSU Graphics & Media Lab (Video Group)
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Patch-Based Blind SR
i Mopaenb npeobpa3oBaHUS

(PSF, npopexxnBaHue,

ornepaTtop npeobpa3oBaHuS
CMeLLeHne)

Wiz () _ W® )yl
1 y W™ (r )X
Py jxr)=] Itznéij P2 H 25; "

Kk

ancnepcus
LyMma

Wang Q., Tang X., and Shum H. 2005. Patch Based Blind Image Super-Resolution.
In Proceedings of IEEE Conference on Computer Vision, vol. 1, pp. 709-716.

CS MSU Graphics & Media Lab (Video Group) »



Patch-Based Blind SR
i Example-based mopgenb HR-kagpa

m Ta Xe 3BPUCTUKA, YTO 1 ANS NOTEHLUMANA KUK B
Example-based SR:

P(x) = P(ix,}) = Hexp(— Wix;,x;)/20°)

SSD mexay 6nokamu i, j
B 06/1aCTN UX NepeKkpbITUS

CS MSU Graphics & Media Lab (Video Group)




Patch-Based Blind SR

[lapamMeTpbl Npeobpa3oBaHUS

= OaHOpoAaHoe pacnpeaeneHne Ha HEKOTOPOM

oTpe3kKe:
(1
— relrnr
P(r)=<r1—r0 E[O 1]
0, nHauye

.

Wang Q., Tang X., and Shum H. 2005. Patch Based Blind Image Super-Resolution.
In Proceedings of IEEE Conference on Computer Vision, vol. 1, pp. 709-716.

51
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Patch-Based Blind SR

ANropuTt™m

= BbluncrieHne MAP oueHku P(x,r{{y®})

C NoMolLLbto caMmnnepa M'mbbca ¢ “3akankon”
Moaenu

m Heckonbko utepaumn IBP ¢ yxe HanaeHHbIMU
napamMeTpamun PSF

Wang Q., Tang X., and Shum H. 2005. Patch Based Blind Image Super-Resolution.
In Proceedings of IEEE Conference on Computer Vision, vol. 1, pp. 709-716.

CS MSU Graphics & Media Lab (Video Group)
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Patch-Based Blind SR

CpaBHeHue

m PSF — N'ayccoBo pa3MbiTne c 0=2.5
m 0anH LR-kaap 600x360 — 1200x720
m Pentium IV 2.8GHz

m BpeMs 06paboTku 30 MUHYT

Wang Q., Tang X., and Shum H. 2005. Patch Based Blind Image Super-Resolution.
In Proceedings of IEEE Conference on Computer Vision, vol. 1, pp. 709-716.

CS MSU Graphics & Media Lab (Video Group)
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Patch-Based Blind SR

* CpaBHeHue

bicubic

CS MSU Graphics & Media Lab (Video Group) >4



Patch-Based Blind SR

* CpaBHeHue

Example-based SR

CS MSU Graphics & Media Lab (Video Group) >



Patch-Based Blind SR

* CpaBHeHue

IBP @ PSF 1.0

56
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Patch-Based Blind SR

* CpaBHeHue

IBP @ PSF 2.0

CS MSU Graphics & Media Lab (Video Group) >/



Patch-Based Blind SR

* CpaBHeHue

IBP @ PSF 2.5 (ground-truth)

CS MSU Graphics & Media Lab (Video Group) >8



Patch-Based Blind SR

* CpaBHeHue

Patch-Based Blind SR

CS MSU Graphics & Media Lab (Video Group) >9



Patch-Based Blind SR

* CpaBHeHue

Ground-Truth HR-kagp

CS MSU Graphics & Media Lab (Video Group) 60



Patch-Based Blind SR

* CpaBHeHue

bicubic

61
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Patch-Based Blind SR

* CpaBHeHue

IBP @ PSF 1.5

62
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Patch-Based Blind SR

* CpaBHeHue

IBP @ PSF 2.5 (ground-truth)

63
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Patch-Based Blind SR

* CpaBHeHue

Patch-Based Blind SR

64
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Patch-Based Blind SR

* CpaBHeHue

Ground-Truth HR-kaap

65
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Patch-Based Blind SR

BbiBOAbI

m B MeHbllen cTeneHn 3aBUcnUT OT 0byyatoLLen
BbIOOPKU

= OyeHb BbICOKaa BpeMeHHas ClI0XHOCTb NouUCKa B
b/l v peweHuda 3agadun MAP

m Tpebyetca nuwb obwmn Bua PSF, napameTpbl
onpeaensoTca aBTOMaTUYECKH

CS MSU Graphics & Media Lab (Video Group) o



i Outline

m [loCTaHOBKA 3a4auyu

m Static SR
m IBP
m Example-based SR
m Patch-based Blind SR
m MDSP Robust SR

= Dynamic SR
= MDSP Dynamic SR
= Video Example-based SR
= Video Epitomes

67
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Static SR

Mopenb npeobpa3oBaHus

GRAPHICS & MEDIA LAB
VIDEO GROUP

CuEHa pa3MbITNE OBUXEHUNE

peanbHOro Mmnpa aTMocthepon
Hcam
’ ﬂ
A NPOPEXMBAHNE nobasneHune
pasMbiTue Lyma

OMNTMKOWN KaMepbl

Y = (H,,, **F(H

CS MSU Graphics & Media Lab (Video Group)

**X) 4 +V

cam atm
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MDSP Robust SR
Npes

= Bocnonb30BaBLUMCL MOAENbIO, HAUTU pELLIEHNE
3a4a4u

X = argmin S oY, Y.(x))
! paccTosaHue mMexay LR—}

NCKOMbIN KaapoMm Y, 1 ero
HR-kaap annpokcnMaumen

= BanaHuem atMocdepbl MOXHO npeHebpeub;
Toraa:

Y, (X) = D,H,F X

aI'II'IpOKCMMaLMﬂ S. Farsiu, M. D. Robinson, M. Elad, and P. Milanfar. 2004.
Ka p‘pa Yk Fast and robust multi-frame super-resolution, /EEE Transactions

Image Processing, vol. 13, no. 10, pp. 1327-1344.
CS MSU Graphics & Media Lab (Video Group) o fmage rrocessing, Vol. 23, 0. 25, PP 69




MDSP Robust SR

MeTpuKa

CeMencTBO HOPM
p(Yklvk): HYk - v|<

_p:
pelt;2]

P

m p=2 — MHK, He ycTonumnBoe ycpegHeHune
m p=1 — median estimator, yctonuns

S. Farsiu, M. D. Robinson, M. Elad, and P. Milanfar. 2004.
Fast and robust multi-frame super-resolution, IEEE Transactions

Image Processing, vol. 13, no. 10, pp. 1327-1344.
CS MSU Graphics & Media Lab (Video Group) o fmage rrocessing, Vol. 23, 0. 25, PP 70



MDSP Robust SR

Perynapusauus

= Ha npakTuke 3aga4a nmbo HepoornpeneneHa, nmbo
onpeaeneHa, HO He YCTOM4YMBA

m Perynﬂpm3auv|0HHoe cnaraemoe W(X):
= arg mln(Zp Y,,D.H.F X)+ /ILIJ(X)j

HaKNaAbIBAET OrpaHNyeHns Ha nckombl HR-kaap;
A — perynsipu3aumoHHbIN NapaMeTp

S. Farsiu, M. D. Robinson, M. Elad, and P. Milanfar. 2004.
Fast and robust multi-frame super-resolution, IEEE Transactions

Image Processing, vol. 13, no. 10, pp. 1327-1344.
CS MSU Graphics & Media Lab (Video Group) o fmage rrocessing, Vol. 23, 0. 25, PP 71



MDSP Robust SR

i Perynapusauus

Buabl perynapusaumu:
= 0 TUXOHOBY: LIJT(X)ZHFXH;

[ — highpass dpunbTp:
®  [paguveHT
= JlannacuaH
®  eaANHNYHaA MaTpuua

m Total variation (TV): LIJTV(X) = ‘VXH1

S. Farsiu, M. D. Robinson, M. Elad, and P. Milanfar. 2004.
Fast and robust multi-frame super-resolution, IEEE Transactions

Image Processing, vol. 13, no. 10, pp. 1327-1344.
CS MSU Graphics & Media Lab (Video Group) o fmage rrocessing, Vol. 23, 0. 25, PP 72



MDSP Robust SR

Perynapusauus

onepaTop
CMeLLEeHMs No ocu
X Ha | nukcenen

Buabl perynspusaumu:
m Bilateral total variation (BTV):

|=P

0 )= Tamix-SEX,

|I=—P m=max(0,-I)

ya
ornepaTop
CMELLIEHNS MO OCK
BEC, 3aBMCALLUI Y Ha m nuKceneu
OT CMeLLeHuns

S. Farsiu, M. D. Robinson, M. Elad, and P. Milanfar. 2004.
Fast and robust multi-frame super-resolution, IEEE Transactions

Image Processing, vol. 13, no. 10, pp. 1327-1344.
CS MSU Graphics & Media Lab (Video Group) o fmage rrocessing, Vol. 23, 0. 25, PP 73



MDSP Robust SR
i Perynsapusaums: cpaBHeHMe@AeHON3WHT

FnE;

Ground-truth Noisy
| 'l
-
e e P
|
no TUXOHOBY TV | BTV 24

CS MSU Graphics & Media Lab (Video Group)



MDSP Robust SR
AnropuntMm Robust SR

[1peanoXXeHo ABa anropuTMma.

Robust SR
MeTopn rpaiIMEHTHOrO cnyCKa LI,J'IFI 3a,qaLw|'

X = argmln(ZY ~DHFX|, +/|Z Za””x s'smxj

|I=—P m=max(0,-I)

S. Farsiu, M. D. Robinson, M. Elad, and P. Milanfar. 2004.
Fast and robust multi-frame super-resolution, IEEE Transactions

Image Processing, vol. 13, no. 10, pp. 1327-1344.
CS MSU Graphics & Media Lab (Video Group) o fmage rrocessing, Vol. 23, 0. 25, PP 75



MDSP Robust SR
Anropnt™m Fast Robust SR

Fast Robust SR

[lonyLleHnsa:

m PSF kamepbl NOCTOAHHa

= Moaenb ABMXXeHUs — naHopaMmpoBaHue

Torpa:
Vk (X) =D HF X =DFHX = {Z = HX} =DFEZ

S. Farsiu, M. D. Robinson, M. Elad, and P. Milanfar. 2004.
Fast and robust multi-frame super-resolution, IEEE Transactions
. . . on Image Processing, vol. 13, no. 10, pp. 1327-1344. 7
CS MSU Graphics & Media Lab (Video Group) 7 7 PP 6



MDSP Robust SR ©
Anroputm Fast Robust SR

3aza4a pa3buBaeTcs Ha ABe noa3afayu:
B [OWUCK Pa3MbITOro U306pa)xeHus:

Z=arg mzin(ZYk - Dszlj
k=1

m 1ebopuHr:

X = argmln((HX 2). PAY Y™

|I=—P m=max(0,-I)

X-§ smxH j

S. Farsiu, M. D. Robinson, M. Elad, and P. Milanfar. 2004.
Fast and robust multi-frame super-resolution, IEEE Transactions

Image Processing, vol. 13, no. 10, pp. 1327-1344.
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MDSP Robust SR

CpaBHeHue

+

Nearest neighbor

78
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MDSP Robust SR

* CpaBHeHme

Bicubic

79
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MDSP Robust SR

* CpaBHeHue

Zomet method
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MDSP Robust SR

CpaBHeHue

+

MDSP Robust SR

81
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MDSP Robust SR

* CpaBHeHue

- ",‘. 2

=

& I
MDSP Fast Robust SR
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MDSP Robust SR

i BbiBOAbI

m TpebyeTca anpuopHoe 3HaHue PSF kamepbl

= [IpocTast Mmoagenb ApmxeHus (ans 6uICTporo
MeTo/Aa)

83
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Static SR

BbiBOAbI

m TOYHas pusnyeckast Moaesib CbeMKU
= He yCcTon4mnBbI BO BpEMEHM

m PaccunTaHbl Ha offline-0bpaboTky (BblCOKas
BpeMeHHast C/TIOXKHOCTb)

84
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i Outline

m [loCTaHOBKA 3a4auyu

m Static SR
m IBP
m Example-based SR
m Patch-based Blind SR
m MDSP Robust SR

m Dynamic SR
m MDSP Dynamic SR

= Video Example-based SR
= Video Epitomes

85
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MDSP Dynamic SR

i Npes

= Onucatb cBA3b Mexxay LR n HR kagpamu Bo
BpeMeHU C nomoulbio punbTpa KanmaHa:
X(t) = F(t)X(t —1)+ U(t)
Y(t) = D(EH(E)X(t) + W(t)
U(t) = N(O, C, (1)) W(t) = N(O, C,, (t))
m [lepexoa K 3agadve ang pasmbiToro HR-kaapa:
Z(t)=F(t)Z(t-1)+ V(t)
Y(t)=D(t)Z(t)+ W(t)
V(t) =

S. Farsiu, M. Elad, and P. Milanfar Video<to-Video Dgnamc Sypg e)ol tion for Grayscale and
lor S 06, EU P / lied Signal Pr No. Article ID 61859, 1-15.
s MU RrS5SHESa ML LW (B GASGlsy ! Procesng No- Aice 0 61859, po 8




MDSP Dynamic SR

ANropuTt™m

= [1nqa kagpa t:

¥i(t) = F(EW(E - DF7 (1) + C, (1) %J
K(t)=RM)DT|c, (t)+ DR |
(t)K@{@)F@z@

)

(t =[I- K(t)D]M(t) CKOMMEHCMPOBAHHBI ]
Kazp

m O4yeHb BbICOKaA BpEMEHHAA C/ITOXKHOCTDb

N>

S. Farsiu, M. Elad, and P. Milanfar Video-to-Video Dynamic Super-Resolution for Grayscale and
Color Sequences. 2006. EURASIP Journal on Applied Signal Processing, No. Article ID 61859, pp. 1-15. 87
CS MSU Graphics & Media Lab (Video Group)



MDSP Dynamic SR

ANropuTt™m

= JlonyLleHuns:
s C, (t), C, (t) — AMaroHanbHble MaTpULibl
® NMNaHOPaMHOE ABUMXEHUE

m Toraa BblYMC/IEHMS CYLLECTBEHHO YMpOLLAtOTCS

m ANIrOpUTM HE rapaHTUpPYeT BOCCTAHOBIEHUE BCEX
HR-nukceneun

m [locTobpaboTKa: nHTepronaumns n nebnropuHr
(Kak B Fast Robust SR)

S. Farsiu, M. Elad, and P. Milanfar Video-to-Video Dynamic Super-Resolution for Grayscale and
Color Sequences. 2006. EURASIP Journal on Applied Signal Processing, No. Article ID 61859, pp. 1-15. 88
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MDSP Dynamic SR

CpaBHeHue

GRAPHICS & MEDIA LAB
VIDEO GROUP

Bicubic]

S. Farsiu, M. Elad, and P. Milanfar Video-to-Video Dynamic Super-Resolution for Grayscale and
Color Sequences. 2006. EURASIP Journal on Applied Signal Processing, No. Article ID 61859, pp. 1-15. 89
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MDSP Dynamic SR

BbiBOAbI

m [IpoCcTas Moaens ABUMXEeHUS

= HeobxoammocTb B nocTtobpaboTke

90
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i Outline

m [loCTaHOBKA 3a4auyu

m Static SR
m IBP
m Example-based SR
m Patch-based Blind SR
m MDSP Robust SR

= Dynamic SR
= MDSP Dynamic SR

m Video Example-based SR
= Video Epitomes

91
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Video Example-based SR &
MLI,EFI GRS LA L

m /lcnonb3oBaTb noaxoa Example-based SR ans
BMAEO

m DBPUCTUKA A8 NOAAB/IEHUS MepLiaHUS:
MCMOJ1b30BaTb TE Xe NMpeLeaeHTbl, YTo 6binu
MCMOJ1b30BaHbl B HEKOTOPOW OKPECTHOCTU B

npeablayLweM Kaape

Bishop C., Blake A., and Marthi B. 2003. Super-Resolution Enhancement of Video. In C. M. Bishop and B. Frey (Eds.),
Proceedings of the Ninth International Workshop on Artificial Intelligence and Statistics.
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Video Example-based SR

& Pe3ynbTaThl

Huskne un cpeagHme yactotbl Ground-truth
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Video Example-based SR

i Pe3ynbTaThl

=

Huskne u cpeaHne 4acCtoThbl Ground-truth + dlNnnNpoKCnMaumnsa BbICOKUX YHaCTOT
CS MSU Graphics & Media Lab (Video Group) i



Video Example-based SR

i Pe3ynbTaThl

| | |
e 4 3 )
Ground-truth

CS MSU Graphics & Media Lab (Video Group)
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Video Example-based SR

BbiBOAbI

m [lo6aBnga0TCa He HacTosLWMeE BbICOKME YacToThl, a
NVLWb HEYTO, UX 3aMeHgIoLLee

= 3aBUCUMOCTb OT 0byyatowen BbIOOPKU
m BbicOkas BpeMeHHaa CNoXXHOCTb noucka B b/l

= [1pn nosiBNEeHnn HOBbIX OOBEKTOB 3BPUCTUKA HE
6ynet paboTaTtb

CS MSU Graphics & Media Lab (Video Group) %



i Outline

m [loCTaHOBKA 3a4auyu

m Static SR
m IBP
m Example-based SR
m Patch-based Blind SR
m MDSP Robust SR

= Dynamic SR
= MDSP Dynamic SR

= Video Example-based SR
m Video Epitomes

97
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Video Epitomes
Npes

= Buaeo MoXHO pa3butb Ha 3-D knacrepbl, KaXabiv
M3 KOTOPbLIX pacnpeaeneH no [ayccy

= JMNUTOM — COBOKYMHOCTb TaKMUX K/1aCTEPOB

= C NOMOLLIbIO 3NMUTOMA MOXXHO PELLATb Pa3/IMYHbIE
3a/1a4M BOCCTAHOB/IEHUS

Cheung V., Frey B. J., and Jojic N. 2005. Video Epitomes.
In Proceedings of IEEE Conference on Computer Vision and Pattern Recognition, vol. 1, pp. 42-49. 98
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Video Epitomes

i CxeMa

1. [lony4yeHune anuTomMa
= Obyuvatowas BbIboOpKa BblIbMpaeTcs cnyyanHo

s Knacrepusauua: moandukaums anroputma EM
Training Set

%
ﬁ @ﬁﬁ% Video Epitome

Input Video

p

e Sample
Patches

| >

F1 ame 3

\ Frame 2

Frame 1

Eﬁ Unsupervised

Learning

5

s

ﬁ@ﬁ

J 2 O
7

Flpouecc noay4vyeHmnd anmMTomMa 3 snaeo
CS MSU Graphics & Media Lab (Video Group)
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Video Epitomes
CxeMa

2. lcnonb3oBaHKue 3nuToMa Ans uTepaTtuBHOM
reHepaumMmn 3Ha4eHun nukcenen B NpobieMHbIX
obnacrsax

= lymonogaBneHue

m Super-resolution

= YBeNimyeHue 4YacTtoTbl KagpoBs
m YpaneHne ob6bekToB

= 3anonHeHne obnacren

Cheung V., Frey B. J., and Jojic N. 2005. Video Epitomes.
In Proceedings of IEEE Conference on Computer Vision and Pattern Recognition, vol. 1, pp. 42-49. 100
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Video Epitomes
[IpnMepbl paboThl

m lllym: RGB-3HauyeHus nukcenen MeHsImcb Ha
CNy4aunHble C BepOoATHOCTbIO 50%

m [lono)xeHne 3alyMAeHHbIX NMKCenen n3BeCcTHo

Video Denoising
with Video Epitomes

Vincent Cheung
2005

Cheung V., Frey B. J., and Jojic N. 2005. Video Epitomes.
In Proceedings of IEEE Conference on Computer Vision and Pattern Recognition, vol. 1, pp. 42-49. 101
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Video Epitomes
[IpnMepbl paboThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

Dropped Video
Frames Recovery
with Video Epitomes

Vincent Cheung
2005

YBennyeHue 4yactoThbl Kagpos

Video Inpainting
with
Video Epitomes

Vincent Cheung

2005

3anonHeHue obnacren
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Video Epitomes
[IpnMepbl paboThl

Video Super Resolution
with Video Epitomes

Vincent Cheung
2005

Super-resolution

103
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Video Epitomes
[IpnMepbl paboThl

Video Super Resolution
with Video Epitomes

Vincent Cheung
2005

104
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Video Epitomes
BbiBOAbI

m bonbluas BpeMeHHas CNOXHOCTb: AEHOU3UHT
5 kaapoB 45x60 — 8 MnHyT @Athlon64 3600+,
Matlab-peannzauuns

Distributed Computing Client {Optimized) o
File

urrent Work: Epitome

Processing work # 27

| 37%
Estimated time remaining: 23 min. 43 sec.

Processor Priority Statistics

C} 1 # work completed: 3
Last: 37 min. 23 sec.

Min Mormal Max  avyg: 38 min. 12 sec.

m [1na oby4yeHnsa HeobxoanMo noaxoasiliee Bnaeo
Cheung V., Frey B. J., and Jojic N. 2005. Video Epitomes.
In Proceedings of IEEE Conference on Computer Vision and Pattern Recognition, vol. 1, pp. 42-49. 105
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i 3aKryeHune

= PacCMOTpeH psaa MeToAoB KaK CTaTUYeCKoro, Tak
N AMHaMmyeckoro SR

m /109 60NbLUMHCTBA METOAOB XapaKTepHa 60sbLuas
BPEMEHHASA C/TIOXXHOCTb

m MHorme metoabl TpebyOT arnpuUopHYLo
MHPOPMALMIO O KaMepe U NMPUMEHUMbI NULLb AJ1S
HEKOTOPbIX CLIEHAapUEB CbEMKU
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GRAPHICS & MEDIA LAB

i Cnucok nutepaTypbl

Irani M., and Peleg S. 1991. Improving Resolution by Image Registration,
Journal of Computer Vision, Graphics, and Image Processing, vol. 53(3), pp. 231-239.

m Jiang Z., Wong T.T., and Bao H. 2003. Practical Super-Resolution from Dynamic Video
Seq uences. In Proceed/ngs of IEEE International Conference on Computer Vision and
Pattern Recognition, vol. 2, pp. 549-554.

m Freeman W. T., Jones T. R., and Pasztor E. C.. 2002. Example-Based Super-
Resolution. In JEEE Computer Graphics and App//catlons vol. 22(2), pp. 56—65.

= Wang Q., Tang X., and Shum H. 2005. Patch Based Blind Image Super-Resolution. In
Proceed/ngs of IEEE Conference on Computer Vision, vol. 1, pp. 709-716.

m S. Farsiu, M. D. Robinson, M. Elad, and P. Milanfar. 2004. Fast and robust multi-frame
%air-resolution, IEEF Transactions on Image Processing, vol. 13, no. 10, pp. 1327-

m S, Farsiu, M. Elad, and P. Milanfar Video-to-Video Dynamic Super-Resolution for
Grayscale and Color Sequences. 2006. EURASIP Journal on Applied Signal Processing,
No. Article ID 61859, pp. 1-15.

m  Bishop C., Blake A., and Marthi B. 2003. Super-Resolution Enhancement of Video. In
C. M. Blshop and B. Frey (Eds.), Proceedings of the Ninth International Workshop on
Artificial Intelligence and Statistics.

m  Cheung V., Frey B. J., and Jojic N. 2005. Video Epitomes. In Proceedings of IEEE
Conference on Computer Vision and Pattern Recognition, vol. 1, pp. 42-49.
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GRAPHICS & MEDIA LAB
VIDEO GROUP
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