O630p MeToaosB

ﬁ cTabunusaunm Bnaeo

MakcnuM KONMMHUYEHKO

Video Group
CS MSU Graphics & Media Lab



‘L CopaeprkaHue

= BBegeHue

= CriaXkmBaHue TpaeKkTopumu
= YaaneHue motion blur

= Video completion

= 3aK/1l0YeHme

CS MSU Graphics & Media Lab (Video Group) 2
www.compression.ru/video/


http://www.compression.ru/video/

i [10OCTAaHOBKA 3a4auun

[1B>keHne B Kagpe:
= [IBUXXeHne o6beKToB
= HamepeHHoe ABMXEeHMe KaMepbl
= CnyyanHoe aBmxeHne kaMepsbl (ApoXxaHune)

3a4ava — yaaneHue apoXKaHug

MeToab!:
= AnnapaTHas ctabunumsauma (BO BpeEMS CbEMKN)
= [MporpamMmmHas ctabunmsauunsa (noctobpaboTka)

CS MSU Graphics & Media Lab (Video Group)
www.compression.ru/video/



http://www.compression.ru/video/

i AnnapaTHas ctabunmnlauus

CrabunmnsaTopsl:
= OnTnyeckune
= C noaBm>XHOM MaTpULLEN

= Llndpposble

Bo Bcex cny4vasix nepemMeLleHnst Kamepsbl
(PUKCUPYIOTCS aKCcenepoMeTpoM

CS MSU Graphics & Media Lab (Video Group) 4
www.compression.ru/video/


http://www.compression.ru/video/

AnnapaTtHas ctabunmlauus
OnTnyecknn ctabmnusaTop

CucrteMa noaBMXXHbIX NNH3. Mpn Manbix
KonebaHnax obecnedymBaeT HENOABUMXKHOCTb
NpoeKkuMn n3o0bpaxkeHns Ha MaTpuLy

EANHCTBEHHbIN crnocob ctabunmnsaunm
NS NNEHOYHbIX KaMep

CS MSU Graphics & Media Lab (Video Group) _ S _ _ B _
www.compression.ru/video/ http://pz-rec.ru/userfiles/article_img/opticheskiy_stabilizator.jpg
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AnnapaTtHas ctabunmlauus
[loaBW>XHaa MaTpuua

MaTpuua 3aKpernsieHa Ha NoABMXXHON nnaTtdopme

Crabunusaums paboTtaeT ¢ nobon onTUKOU

CS MSU Graphics & Media Lab (Video Group) http://rix.com.ua/sm/site/fileslibrary/2009_rew_aut/fototechnika/ 6
Www.compression.ru/video/ pentax_k10d_stab.jpg


http://www.compression.ru/video/

AnnapaTtHas ctabunmlauus
LindbpoBast ctabunmsaums

Okono 40% nukcenen Ha MaTpuLe
He y4acTBYIOT B POPMUPOBAHUN N306paXKeHUS

CaMbi gelwleBbin cnocob crabunusauunm

CS MSU Graphics & Media Lab (Video Group) http://photogid.com.ua/upload-files/canon5d/matrix-Canon-EOS- 7
www.compression.ru/video/ 5D-Mark-II.jpg
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MporpamMmHas cTabunusaums T8
OCHOBHbIe 3Tarbl

= Crna>knBaHue TPaeKToOpun KaMepbl
= YpaneHue motion blur

= OopMUpPOBaHME HOBbLIX KaApOB
= Obpe3ka n3obpaxkeHmnmn
= 3anoJIHeHME NyCTbIX obnacreu

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 8

www.compression.ru/video/ Vision and Pattern Recognition, 2005


http://www.compression.ru/video/

‘L CopaeprkaHue

s BBegeHue

= CriaXkmBaHue TpaeKkTopumu
« TpagMUMOHHBLIX Noaxon
» Optimal Camera Path

s YaaneHue motion blur
= Video completion
s 3aKJIloueHune

CS MSU Graphics & Media Lab (Video Group) 9
www.compression.ru/video/


http://www.compression.ru/video/

i CrnaknBaHue TpaekTopumn

3a4auva:
1.  OnpenennTb TPAaeKToOpUO ABUMXEHUS KaMepbl

2. [10CTpOUTb HOBYIO TPAEKTOPMUIO,
COXPaHAOLLYIO MNJlaBHble HAMEpPEHHbIe
OBUMXEHUSA KaMepbl, U YCTPaHUTb ApoXXaHue

CS MSU Graphics & Media Lab (Video Group) 10
www.compression.ru/video/


http://www.compression.ru/video/

GRAPHICS & MEDIA LAB

i TpaanUMOHHbBIN NOAXOA

s Haxoaum uenouky rnobanbHbiX Npeodbpa3oBaHU KaapoB
(Hanpumep, ¢ nomolbio optical flow)

= Haxoaum S; = X, ¢ Nt(T} * G (k)) — Takoe npeobpasoBaHue,
yto I’y = S¢l;

I, — -1 Kaap nocneaoBaTe/lbHOCTH

T} — npeobpa3sosaHue i-ro kaapa B -1 , I; = T}I;

', — cTabnnn3anpoBaHHbIK Kaap

Ne={j:t—k <j<t+ k}— MHOXECTBO MHOEKCOB

G(k) = \/%0

e~k*/20° 5 = \[k — rayccoBo siapo

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 11

www.compression.ru/video/ Vision and Pattern Recognition, 2005
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i Pe3ynbTaT

¥Benunumneas k, nenaem pesynbTtaT bonee rnagkum
X

Y
100 . . ‘ ‘ ' . 250 - . ' !
sl ] 200+
>é< . >150 -
2 S
et
L 100
& 50} 7 =
g o
- 50
100 + 1
0
_150 1 1 1 L 1 1 | - -50 . | L 1 1 1 | -
0 20 40 60 Frasrges 100 120 140 160 0O 20 40 60 _ 8 100 120 140 160

Frames
k=6

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 12
www.compression.ru/video/ Vision and Pattern Recognition, 2005
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i B biBO/bl e

J10CTOUHCTBaA:

= TpaekTopus CTaHOBUTCSA 6osee rnaakou,
NoAaBNAOTCA BbICOKOYACTOTHbIE KONebaHnS

= CoxpaHsaeTca HanpaBleHue HaMepeHHOoro
OBWXEHUS

HeoocTaTku:

= Hu3kouacToTHble kKonebaHmsa (LWaratowmnm YenoBeK)
COXpaHSIoTCSH

= CbeMKa Bce paBHO OT/IM4YaeTcH
OT NpPodeCcCMOHaNIbHON

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 13

www.compression.ru/video/ Vision and Pattern Recognition, 2005
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‘L CopaeprkaHue

s BBegeHue

= CriaXkmBaHue TpaekTopumn
= TpaanLMOHHbBIN NOAXOA
« Optimal Camera Path

s YaaneHue motion blur
= Video completion
s 3aKJIloueHune

CS MSU Graphics & Media Lab (Video Group) 14
www.compression.ru/video/


http://www.compression.ru/video/

GRAPHICS & MEDIA LAB

‘L Npea anroputma

3aMeHUTb TPaeKToOpUo KaMepbl Ha Ty, KOTopas
COAEPXXUT TOMbKO YYaCTKM C NOCTOSAHHOW
KOOPAMHATOW, CKOPOCTbIO UK YCKOPEHNEM

Motion in x over frames ' ‘Motiqn in x over framgs . ‘ Motion in x over frames 1
P —— original path - ——original path ——original path
300f =_ ——optimal L1 path . 300 ’\_ optimal L1 pathl{ 300} “S~__ ——optimal L1 path||
o ‘ » o » o
© 200 ~ © 200} —~ 12 200¢ s
[T L 1 W
100} 100} — 100}
0~ SHoo o __ 100 200 0—™=H00 0 100 200 0—Hoo o __ 100 200
Motion in x Motion in x Motion in x

M. Grundmann, V. Kwatra, I. Essa, "Auto-Directed Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 15
www.compression.ru/video/ Vision and Pattern Recognition, 2011
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ANropuTtm
3apava

WanTn onTUManbHYO TPAEKTOPUIO, MUHUMU3NPYS
(PYHKUMOHAN O(P) = w1|D(P)|; + we|D*(P)|; + ws|D3(P)|;
NO BCEM B, NPU HANIOXXEHHbIX OrpaHUYEeHUsAX

C — OpUrnHasibHaa TPAeKTopuUa KaMepbl

P — crna)keHHasi TpaekTopus

F,— npeobpa3oBaHue kaapa I,_B I;

Cy = FiF, ... F;

P; = C¢B;

B; — ctabunusunpytowee npeobpasoBaHue

D(-) — nuddepeHuMDVIOLLMA ONepaTon: w: — Beca

M. Grundmann, V. Kwatra, I. Essa, "Auto-Directed Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 16

Wwwlcompression_rulvideo! Vision and Pattern Recognition, 2011
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ANropuTtm
i OrpaHn4yeHuns

= BnoxeHHocTb. HOBbIU Kaap
NIOJDKEH LIENIUKOM COAEPXATLCA | | pracyy,,
B CTapoM. ['apaHTUpyem
KOPPEKTHOCTb BCEX MUKCENEN HOBOIO
Kaapa

= [IpnbnmxkeHune. HoBas TpaekTopus A0/HKHA
COXpaHsITb OCHOBHOE HarpaB/ieHne
OpUrMHabHOW

Frame rectangle [0, w] x [0,h]

M. Grundmann, V. Kwatra, I. Essa, "Auto-Directed Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 17
www.compression.ru/video/ Vision and Pattern Recognition, 2011
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ANropuTtm
MWHUMKN3aLMS NMNPOU3BOAHbIX

GRAPHICS & MEDIA LAB
VIDEO GROUP

u MMHVIMI/BMDYEM nepeyrO Npon3BOAHYHO.
[D(P)| = 2, |[Piy1 — Py = 24 |1Cr1Bip1 — CyBy| =
— Zt |CeFyy1 By — CyBy| < Et |Ct||Fi1Be+1 — DByl
Tak KakK Ct n3BeCctHo, MMHUMU3NPYyEM
Z |Rt|: Ry = Fi 1 Byy1 — By

t
>. Bmecto |D?(P)| = ¥ |Fs+1R¢+1 — R¢| aBTOPSI
MUHUMU3UPYIOT |Riy1 — Re| = |Fiq2Biyo —|(L 4 Fiq1) By + Byl
3. AN TpeTben NPon3BOAHON |Rito — 2Rit1 + Ry

M. Grundmann, V. Kwatra, I. Essa, "Auto-Directed Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 18
www.compression.ru/video/ Vision and Pattern Recognition, 2011
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ANropuTtm
[lapamMmeTpu3auns

klpeobpa3oBaHne B, MOXET ObITb NapamMeTpu3oBaHO
BeKTODOM pt = (dxt, dyt, at, bt, Ct, dt)T

~ (az by 1 dxy
s 0,) () *+ ()

Y

0 1 0 ¢ ¢ 0 0 w
= BrioxenHocTb (0)< (5 ) 5 7 0 )< ()

I3

L.

:=CR§

= [lpubnmxeHne 09 <a, d, <1.1;
—0.1 < b, ¢ < 0.1;
—0.05 < ¢; + by < 0.05;
—01<a;—d; <0.1

M. Grundmann, V. Kwatra, I. Essa, "Auto-Directed Video

CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 19
wwwlcompression_rulvideo! Vision and Pattern Recognition, 2011
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ANropuTtm
JInHenHoe nporpaMMmMpoBaHme

GRAPHICS & MEDIA LAB
VIDEO GROUP

Input: Frame pair transforms F:, t = 1..n Choomvnmnpvem
Output: Optimal camera path P, = C:B; = C: A(p:) (opMynMpy
YCUSIEHHYIO 3a4a4y

... T
Minimize ¢ e

r [ ; JINHENHOI O
w.rt. p=(p1,...,Pn

P NpPOrpaMMMPOBaHNSA

where e= (e ,e",e’), e’ = (ei,...,e,)
c = (wi, w2, ws)
subject to 3aAaya peluaeTcs
[ —e; < Ri(p) <e; | cnmnneKkc-MmeToaom
_Eg < Riy1(p) — Re(p) < Ef

smoothness ¢
—ei < Reya(p) — 2Ret1(p) + Re(p) < €F

| et =0
proximity b <Up; < ub
inclusion (0, U)T < CRip: < (w, h)T

M. Grundmann, V. Kwatra, I. Essa, "Auto-Directed Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 20

www.compression_ru !video! Vision and Pattern Recognition, 2011
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ANropuTtm

BecoBble KOO PULNEHTDI

EnaBHOe — n36aBUTbLCS
OT PE3KUX ABMXKEHUU
Kamepbl

[nsa 3Toro Beibnpaem
BEC w3 Ha NOpPSAOK
6onbLInM, 4emM wy; N w,

I

oo

1]

]

200

100

4] * 4;3 ! ﬂ;] ' '|él3| ! 1éﬂ'
(A) w1 =1, wog =wg =0

S00

400

300

F o L

200

100 |

o a0 80 120 1840

(C)wa =1, w1 =wo2 =10

GRAPHICS & MEDIA LAB
VIDEO GROUP

a 40 a0 120 1680

(b)ywa =1, w1 =wz =0

400

300

) L

200

100

o 40 80 120 1eo0

(d) wi =10, w2 =1, w3z = 100

M. Grundmann, V. Kwatra, I. Essa, "Auto-Directed Video

CS MSU Graphics & Media Lab (Video Group)
www.compression.ru/video/

Stabilization", IEEE Computer Society Conference on Computer 21
Vision and Pattern Recognition, 2011
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= [ PAeKTopnsa COOTBETCTBYET

Wotion in x over frames

——ariginal path

—optimal L1 path|

o0

0

200
Motion in x

Motion in y over frames

——ariginal path

300 e __ ——optimal L1 path)| |
200} __'
| E =
100} ——
D 1 |_-_: - 1
-4 =20 0 20 40
Motion in v

KUHeMaTorpagpuyeckum npuHumnam

= [nbknn anroputm. Jlobasnsas n ybmupas
OrpaHNYEHUs, MOXKEM YMNpaBnsaTb €ro NoBeAeHNEM

CS MSU Graphics & Media Lab (Video Group)

www.compression.ru/video/

M. Grundmann, V. Kwatra, I. Essa, "Auto-Directed Video

Stabilization", IEEE Computer Society Conference on Computer

Vision and Pattern Recognition, 2011

22
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Pe3ynbTaThl
Buaeo

GRAPHICS & MEDIA LAB
VIDEO GROUP

OpuruHan Pe3ynbTaT

M. Grundmann, V. Kwatra, I. Essa, "Auto-Directed Video

CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 23
www.compression.ru/video/ Vision and Pattern Recognition, 2011
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» http://youtube.com/editor — online
peann3auuns ctabunusaTtopa

= PaboTaeT B pea/nlbHOM BpeMeHMU
= OOnH napamMeTp — pa3Mep HOBOro Kaapa

M. Grundmann, V. Kwatra, I. Essa, "Auto-Directed Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer
Www.compression.ru/video/ Vision and Pattern Recognition, 2011

24
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http://youtube.com/editor

i CopaeprkaHue

= BBegeHue
= CriaXkmBaHue TpaeKkTopumu

= YaaneHue motion blur
= Motion Deblurring
=« Dual-Frame Deblurring

= Video completion
= 3aK/1l0YeHme

CS MSU Graphics & Media Lab (Video Group) 25
www.compression.ru/video/


http://www.compression.ru/video/

i YananeHne motion blur

= [Ipobnema: npu crabmnusaumm MeHsaeTcs
TpaekTopus ABMXeHuns kamepsbl. Motion blur,
CBSA3aHHbIN CO CTApbIM ABMXXEHUEM, CMOTPUTCS
HeecTeCTBEHHO

= ges: 3aMeHuTb pa3MbITble MUKCENN
OTHOCUTESIbHO 60/1e€ YETKUMU U3 COCEAHUX
KaJpoB

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 26

www.compression.ru/video/ Vision and Pattern Recognition, 2005


http://www.compression.ru/video/

‘L Mepa pa3MbITUA

a PaccmMoTpuM y4dacTtok BUMAEO, B KOTOPOM
CLEHa 3HAYUTENTbHO HE MEHSIETCS

= N8 KaXkaoro Kagpa M3 3TOro yyactka nocyntaeMm mepy
OTHOCUTENBbHOW Pa3MbITOCTK MO obuien obnactu

NEPEKPLITUA. by — l |
S o L ((fex L))" + ((fy x L)(py))"}

rae f v f, — GUAbTPbI-NPOU3BOAHBIE B HANPAB/IEHUSX X U y

« Ecnv b, /b, > 1, TO Kaap ¢’ CYUNTAETCSH MEHee
PA3MbITbIM, YEM ¢

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 27

www.compression.ru/video/ Vision and Pattern Recognition, 2005
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i BecoBon KO3pdULMEHT

s BBegeM mepy owmbku: £ (p,) = |1(Tip,) — L(p,))]
BbicOKMe 3HauYeHus obbacHaTca nnbo owmnbko

B rnobanbHOM npeobpaszoBaHumn Ti', nnbo
[BV)XEHUEM B Kaape

= BBegem BecoBon KOI(DPULMEHT:
0 if 22 <1
R - by
Wy (pr‘) _ by Q
tI]i"" E:r{p#) FOY

[lapaMeTp a onpeaensieT BAnsiHMe OWnbKK Ha BeC

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 28

www.compression.ru/video/ Vision and Pattern Recognition, 2005

=c

otherwise.
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i Pe3ynbTaT

. L(p,) + Sk (p) (T p
Iﬁ(pt): ( i) ZiE.'\f i( i) ( t i)

1+ Zi’e.hf “Ufi, (pt)

OpuvrnHan PesynbTaT

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 29

www.compression.ru/video/ Vision and Pattern Recognition, 2005
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‘L CopaeprkaHue

= BBegeHue
= CriaXkmBaHue TpaeKkTopumu

= YpaneHue motion blur
= Motion Deblurring
« Dual-Frame Deblurring

= Video completion
= 3aK/1l0YeHme

CS MSU Graphics & Media Lab (Video Group) 30
www.compression.ru/video/
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GRAPHICS & MEDIA LAB

‘L BoccTaHoBneHue sapa

f=g*p+n

f — HabnogaeMoe n3obpaxkeHue
£ — 4Yncroe nsobpaxxeHme

p — AP0 pa3MbITUS

n— wyMm

3afaya — onpeaenvuTb 94p0 p U NPUMEHUTb OAUH
U3 anropuTtMoB 06paTHON CBEPTKU K f

J.-F. Cai, H. Ji, C. Liu, Z. Shen, "High-quality curvelet-based
CS MSU Graphics & Media Lab (Video Group) motion deblurring from an image pair", IEEE Computer Society 31
www.compression.ru/video/ Conference on Computer Vision and Pattern Recognition, 2009
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BXxoa — ABa pa3MbITbIX N306paxkeHus
C HeHONbLLOW OLWNOKOU BblpaBHMBAHUS €:
fi=g*p1+1y
fo=(9+¢€)*p, +ny
BbIxo4 — unctoe nsobpaxeHue g

J.-F. Cai, H. Ji, C. Liu, Z. Shen, "High-quality curvelet-based

CS MSU Graphics & Media Lab (Video Group) motion deblurring from an image pair", IEEE Computer Society 32
www.compression.ru/video/ Conference on Computer Vision and Pattern Recognition, 2009
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i OrpaHu4yeHunsa Ha a94po

[lpnpona motion blur: Heckonbko Touek
peasibHOro n3obpa)eHns GopMmUpYOT NMUKCenb

AApO pa3MbITUS OTPAXXAET KPUBYIO — TPAEKTOPMUIO,
NMPOXOANUMYIO KaMepOoK 3a BPEMS BblAEPKKM

HanoXxum orpaHnyeHunst, 4tobbl YMEHbLIUTb
HEOAHO3HAYHOCTb pPELUEHUA.
= A4po — pa3pexeHHasa MaTpuua

=« KpnBas, oTpaxaeMas B a4pe, A0/KHA 6bITb
Hepa3pbIBHOM

J.-F. Cai, H. Ji, C. Liu, Z. Shen, "High-quality curvelet-based

CS MSU Graphics & Media Lab (Video Group) motion deblurring from an image pair", IEEE Computer Society 33
www.compression.ru/video/ Conference on Computer Vision and Pattern Recognition, 2009
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ABTOpPbI UCMONBL3YIOT cUCTEMY curvelet’os, KoTopas
NAeT MaKCMMasibHO paspeXXeHHoe NnpeAcTaBneHne aapa

OpvrvHanbHas napa n3obpa)keHum Pe3ynbTaT

J.-F. Cai, H. Ji, C. Liu, Z. Shen, "High-quality curvelet-based

CS MSU Graphics & Media Lab (Video Group) motion deblurring from an image pair", IEEE Computer Society 34
www.compression.ru/video/ Conference on Computer Vision and Pattern Recognition, 2009
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‘L CopaeprkaHue

= BBegeHue

= CriaXkmBaHue TpaeKkTopumu
= YaaneHue motion blur

= Video completion

= 3aK/1l0YeHme

CS MSU Graphics & Media Lab (Video Group) 35
www.compression.ru/video/
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—— OPUTrMHa/IbHAA TPAeKTOpPUA

V HOBas TpaekTopus
obnactu ang 3anonHeHus

(g 3™ . -
..........
.........

..........

.....
.........

[lpy cepbe3HOM ApoxxaHun obnacTtb obluero
nepekpbITUS CTAaHOBUTCS MasIEHbKOW

3a/1a4a — KQYeCTBEHHO 3anofIHUTb HEM3BECTHbIE
ob61acTn nHdopMaumen U3 NPoLLbIX KaapoB

CS MSU Graphics & Media Lab (Video Group) 36
www.compression.ru/video/
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i CopaeprkaHue

s BBegeHue
= CriaXkmBaHue TpaeKkTopumu
= YaaneHune motion blur

= Video completion

= Motion inpainting

= Space-time completion
= 3aK/1l0YeHme

CS MSU Graphics & Media Lab (Video Group) 37
www.compression.ru/video/
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‘L Motion inpainting

#, — 061acTb HEM3BECTHbIX NMUKCENEN B Kaape t
= 3aJayvya — nonyunTtb M, = @,Vt

= Vlgea — image inpainting pacnpocTpaHaeT
LIBET B HEU3BECTHbIE 061aCcTK, @ motion
Inpainting — aABM>XeHue

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer
www.compression.ru/video/ Vision and Pattern Recognition, 2005
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ANropuTtm
HadanbHOEe 3anoJIHeHUe

GRAPHICS & MEDIA LAB
VIDEO GROUP

a N9 Kaaoro nukcens U3 M, cuntaeM AuCnepcuto
COOTBETCTBYIOLLMX EMY MUKCENEN U3 COCEAHUX KaapOB.
MeHbLUasa ancnepcms — 6onblias creneHb oBepus

2. Ecnn Ancrnepcmnd MmeHbwe nopora, To 3arioJiH4EM
nuKcesnb MeamnaHHbIM 3HAYEHNEM COOTBETCTBYHLLUX
nMKcenen ms cocegHunx Kagpos, nHa4ye OCTaB/1dEM

3. Ecnu Bce nukcenn u3 M, 3an0/iHEHbI, TO NepexoanMm
K cneayloweMy Kaapy

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 39
www.compression.ru/video/ Vision and Pattern Recognition, 2005
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ANropuTtm
[IpyopuTeThbl KaapoB

GRAPHICS & MEDIA LAB
VIDEO GROUP

Ka)kaomy Kaapy 13 OKpeCcTHOCTU NMpUCBanBaETCH
NPUOPUTET, OCHOBAHHbIN Ha ownbKe rnobanbHOro
npeobpa3oBaHus:

ey = ZU# P:) (T pr)‘

rne CyMMmMpoBaHue BeaeTcs no obuwen obnactu
nepekpbITUS Iy W I,

[anbHenwue warn anroputMa npoBoamMM no t’ € N;
B nopsiake npuoputeTa (YMeHblUeHUs ef,)

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
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ANropuTtm
3anoJIHEHME OBMXEHUEM

GRAPHICS & MEDIA LAB
VIDEO GROUP

klpeanonoxeHune — ABUXXEHUE B Masnou OKPECTHOCTWU
nuKcens MeHsieTcs cnabo

H (p;) — MHOXECTBO COCEAHUX C p; MUKCENEN, B KOTOPbIX

yXe onpeaeneHo asmxenue F(q:). Vq: € H(py) onpeaenmm

[O0Fi(a) OF(aq) ]

F( _ ) e F( ) n Jx dy u
P Q) =~ TG 0F(a) 9F(a)

|{J

Jx My

Fin F;, — x N y KOMMOHEHTbI BEKTOPA ABMXXEHUS
[u, v]T — BEKTOp CMeLeHuns p; — q;
[1BMXXEeHMe OUEeHMBAETCA No Kaapy t' U3 OKPECTHOCTU t

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
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ANropuTtm
BecoBble KOO PULNEHTDI

GRAPHICS & MEDIA LAB
VIDEO GROUP

YqreH(py) W@ de)*F (De.q¢)
thEH(Pt) W(pt!QC)

Beca: w(py, q¢) = 8(Pe, qe)c(Pe, G¢)
[eomeTpuyeckasa 3Ha4YMMocCTb: g(pe, q¢) =

Hewxenve B p,: F(p,) =

1

IDe—qell
1

11y (agr+pe—ac) -1, (a,r)||+e
Y ps HET UBETa, NO3TOMY CMOTPWUM B Kaap [,

Ecm (g, + pe — q¢) vinn (q,r) NoNagaroT B HENM3BECTHYIO
obnacTb, TO OCTaBNSAEM p; HE3AMOSTHEHHbIM

CooTBeTCTBME LBETOB: c(py, q¢) =

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 42
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ANropuTtm
3anoJIHeHMEe UBEeTOM

GRAPHICS & MEDIA LAB
VIDEO GROUP

Alna Tex py, Ans KOTopbIX U3BECTHbI F(p;):
!
It(pe) = It’(Ttt F(pt))
Ecnu octanucb HeM3BeCTHbIE MUKCeNU, To NepexoauMm

K Kazpy t’ C MeHbLIMM NpuopuTETOM (60MbLINM ef )
1 nosTopAeM motion inpainting

[ocne npoxoaa no BCEM OKPECTHOCTU MOMYT OCTATbCH
KpanHe Masble HE3arnosHEHHbIE 06N1acTu, AN KOTOPbIX
MPUMEHSIEM MPOCTYH UHTEPNONALMIO

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 43
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ﬁ Pe3ynbTaTthl (1)

OpuruHan

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
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* Pe3ynbTaThl (2)

OpuruHan

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
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J10CTOUHCTBO:

= YHMBepcanbHbin. [IpUMEHNM ANS yaaneHus
06BbEKTOB, NOrOTUMNOB, HAAMNUCEN

HeaocTaTok:
m CVIJ'IbHO 3dBUCUT OT OLIJVI6KM onpeneneva NBUMXKEHUA

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 46
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Pe3ynbTaThl
Buaeo (1)

GRAPHICS & MEDIA LAB
VIDEO GROUP

OpurmnHan PesynbTaT 3anosiHeHue

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
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Pe3ynbTaThl
Buaeo (2)

GRAPHICS & MEDIA LAB
VIDEO GROUP

OpurmnHan PesynbTaT 3anosiHeHue

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
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‘L CkopocTb paboThl

Computational Cost (%) Number of times
Global motion estimation 5.26% N
Motion smoothing 0.05% N (using 2k motions)
Local motion estimation 84.25 % 2kN
Motion inpainting 7.20% 2kN
Image warping 1.47 % (2k+1)N for global warping, 2kN for local warping
Image deblurring 1.77% N (using 2k + 1 images)

Obuas ckopocTtb — 2.2 fps @ Pentium4 @ 2.2 [Ty
Pa3pelueHue snaeo — 720x486, k = 6

Y. Matsushita, E. Ofek, X. Tang, H.-Y. Shum, "Full-frame Video
CS MSU Graphics & Media Lab (Video Group) Stabilization", IEEE Computer Society Conference on Computer 49
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‘L CopaeprkaHue

s BBegeHue
= CriaXkmBaHue TpaeKkTopumu
= YaaneHune motion blur

= Video completion

= Motion inpainting

= Space-time completion
= 3aK/1l0YeHme

CS MSU Graphics & Media Lab (Video Group) 50
www.compression.ru/video/


http://www.compression.ru/video/

GRAPHICS & MEDIA LAB
Di

‘L Space-time completion

Buaeo A n B BU3yanbHO COrfiacoBaHbl, ecnv ntobou
NPOCTPAHCTBEHHO-BpEMEHHOM 610K 13 A MOXET ObITb
HauaeH rae-to B B

S — BXOAHas nocneaoBaTesIbHOCTb
H € § — NpOCTPaHCTBEHHO-BPEMEHHAA Ablpa

3aAayva — 3anofiHUTb H HOBbIMU A@HHbIMU H™* TaK, 4TOObI
NO/TYYMBLLIAACS NOCNeA0BaTENbHOCTb S* Bblfla KaK MOXHO
6onee BM3yanbHO cornacosaHa c T =S\ H

Y. Wexler, E. Shechtman, M. Irani, "Space-time video completion",
CS MSU Graphics & Media Lab (Video Group) IEEE Computer Society Conference on Computer Vision and 51
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GRAPHICS & MEDIA LAB

‘L Mepa cornacoBaHHOCTU

Coherence(S*|7T) = max s (W, W,)
< qcT
pES*
#, ¢ — NPOCTPAHCTBEHHO-BPEMEHHbIE TOYKU (x,y, t)
W,, W, — 6noku, coaepxallue p 1 q. ABTOpbl
paccMaTpMBalOT SX5X5 OKpeCcTHOCTH

s(Wp, W,) — Mepa noxoxxectu aAByx 6/10K0B

3anonHeHre H ¢ MakcMMmu3aumen cornacoBaHHOCTM BeAEeT
K BU3yaNnbHO NMPUEMSIEMbIM PeLLEHNAM

Y. Wexler, E. Shechtman, M. Irani, "Space-time video completion",
CS MSU Graphics & Media Lab (Video Group) IEEE Computer Society Conference on Computer Vision and 52
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Mepa noxoxecTu

Ka)xaon npoCcTpaHCTBEHHO-BPEMEHHOU TOuYKe p(x, y, t)
COOTBETCTBYET BeKTOp (R, G,B,u,v)

Y, Y
u=-_>v=-=
Yy Y,

(Yy, Yy, Yy) — NPOVU3BOAHbIE MO X, Y, t

2
d(Wp: Wq) — Z(x,y’t)”Wp(xry: t) _ Wq(x! Y, t)”
W, (x,y,t) — naTUMepHble BeKkTopa (R, G, B,u, v)

~d(Wp,Wq)
s(Wy,W,) = e«  — Mepa Nnoxoxectu (a — napametp)

Y. Wexler, E. Shechtman, M. Irani, "Space-time video completion",
CS MSU Graphics & Media Lab (Video Group) IEEE Computer Society Conference on Computer Vision and 53
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‘L 3arnosIHeHne

¥CnoBus BU3yasibHOW COrnacoBaHHOCTM:
« Vp =p(x,y,t) BCe Wpi, coaep awime p AOSIKHbI
COr/1acoBbIBaTLCA MO UBETY p
= Bce Wpi OOMKHbI coaepXXatbCa B S\ H
[ycTe p € H,W ; — BCe 6noku, coaepxaiumne p, a W — bnoku
n3 S\ H, Hanbonee noxoxwue Ha Wi no Mepe s

Hanbonee BeposATHbIM LBET ¢ TOYKM p MUHUMU3IUPYET ANCNIEPCUIO
LIBETOB, NpeA/IoXeHHbIX 6nokamun W

CreneHb gosepus 610Ky Wit si =s(W i, W)
UTOr: nweM ¢, MUHUMM3NPYA 3; s;(c — ¢;)?

Y. Wexler, E. Shechtman, M. Irani, "Space-time video completion",
CS MSU Graphics & Media Lab (Video Group) IEEE Computer Society Conference on Computer Vision and 54
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‘L OnTMMn3aumsa anropuTtma

EL/10XKHOCTb NOMCKa Hanbonee noxoxero
NPOCTPaHCTBEHHO-BPEMEHHOro 6s10ka 0(D? - N)
D = 5 — pa3Mepbl 6110Ka

N = (mupuHa) * (BeicoTa) * (KOJUYECTBO KaJAPOB)

1. [Ana Bcex p cumntaem (u,v)

>.  BblbrpaeMm k nydlumx coBnaaeHnn no AByM
KOMMOHEHTaM

3. CpaBHMBaeM k 6110K0B, KapAWHaNbHO YMEHbLLAS
CNIOXKHOCTb

Y. Wexler, E. Shechtman, M. Irani, "Space-time video completion",
CS MSU Graphics & Media Lab (Video Group) IEEE Computer Society Conference on Computer Vision and 55
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‘L Pe3ynbTaTthl (1)

OpurnHan

i

Y. Wexler, E. Shechtman, M. Irani, "Space-time video completion",
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* Pe3ynbTaThl (2)

Y. Wexler, E. Shechtman, M. Irani, "Space-time video completion",
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Pe3ynbTaThl
Buaeo

GRAPHICS & MEDIA LAB
VIDEO GROUP

OpurmnHan

Pe3synbtaTt

Y. Wexler, E. Shechtman, M. Irani, "Space-time video completion",
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i B biBO/bl e

J10CTOUHCTBA:

= YHUMBEpCanbHOCTb. MOXHO yAansATh Lienble Kaapbl
U3 NOC/IeA0BaTENIbHOCTH

= KayecTBeHHOEe BOCCTaHOB/IEHME AAXe NP BbICTPOM
NBVKEHWUN

HepocTtaTku:
= Hun3Kasg ckopocTb Ha 60/bLIMX 30HAX 3aMoSIHEHUS

Y. Wexler, E. Shechtman, M. Irani, "Space-time video completion",
CS MSU Graphics & Media Lab (Video Group) IEEE Computer Society Conference on Computer Vision and 59
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‘L CopaeprkaHue

= BBegeHue

= CriaXkmBaHue TpaeKkTopumu
= YaaneHue motion blur

= Video completion

= 3aK/IloueHue

CS MSU Graphics & Media Lab (Video Group) 60
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i 3aKJ1ro4eHue

B xoae paccMOTpeHus 3TanoB NMporpaMMHOM
cTabunusaummn nNpuBoOAUINUCE anropuTMbI:
=« CrnaxuBaHue TpaekTopun, yoaneHue motion blur,

motion inpainting, coctaBnsaoLWMe NONHOLIEHHbIN
CTabunusaTtop

« Optimal Camera Path — anemeHT cTabununzatopa
n3 BnageopenakTopa YouTube

= Space-time completion, noTeHuManbHO — 3aMeHa
motion inpainting

= Dual-frame Deblurring, kak anbTepHaTUBHbIN
BapuWaHT yaaneHms motion blur

CS MSU Graphics & Media Lab (Video Group) 61
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JTabopaTopuns KOMMNbIOTEPHONLE
i rpadukn U MynbTuMeama

Buageorpynna — 370:

s BbINyCKHUKK B acnupaHTypax AHrNuu,
®paHunu, Weenuapum (B Poccumn B MY
n UMM um. Kenabiwwa)

= BbiNnyCKHMKaMu 3aWmLeHo 5 auccepraumm

= Hambonee nonynsipHble B MUpe CpaBHEHUS
BUEOKOOEKOB

= bonee 3 MUNIMOHOB CKaYaHHbIX DUILTPOB
06paboTKn BUAEO
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