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Matting problem

Common statement

doH

KapTa
[1po3payHOCTH

Ob6beKT

pybas pa3meTka (Trimap)
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State of the art
Image Matting

GRAPHICS & MEDIA LAB
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Sum of Absolute Differences Or\;lel:lfn (smp:':lvlle;?igmeap) (IarAgVeeE?iﬂ"neap) (user-di\;?;:getrimap)

(SupportS \\/lzcl’;l?ttligg ression) i &2 e ine
Weighted Color and Texture Matting 5.5 4.5 6.5 54
Shared Matting 6.1 6.0 7.5 4.9
Global Sampling Matting 7.3 5.5 8.8 7.8
Segmentation-based Matting 7.7 8.0 7.3 7.9
Fast Automatic Matting 7.8 7.1 8.1 8.1
Improved Color Matting 8.2 7.9 7.8 9.0
(Local Iéiﬁnl\galgtelggession) 2.0 104 6.9 2.6
EETIC I
KNN Matting (K-Nearest Neighbor) 9.7 11.1 10.5 7.4
Learning-based Matting 10.1 10.3 9.4 10.6
LMSPIR Matting 10.2 9.4 10.9 10.3
Shared Matting (real-time) 10.3 10.4 10.4 10.3
Closed-form Matting 10.5 10.1 9.1 12.4
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Problem of papers on

i Video matting

« [Ha, craten no matting’y Bo BpeMeHu
He Mano, HO MHOIMMe U3 HUX ONUpPatoTCH
Ha CYLLECTBOBaHME NaeanbHOro
ONTUYECKOro rnoToka»

Munxann EpogeeB
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B npeablaywmnx cepuax

Mirage 2011

Towards Temporally-Coherent
Video Matting

Xue Bai, Jue Wang, David Simons

Adobe Systems

CS MSU Graphics & Media Lab (Video Group)  X. Baj, J. Wang, D. Simons, “Towards Temporally-coherent
www.compression.ru/video/ Video Matting,” in IEEE Mirage, 2011
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i New edge-preserving filter

| !'\ .

Guidance
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:L New edge-preserving filter

Guided Filter
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:L New edge-preserving filter

Bilateral Filter
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:L New edge-preserving filter

Gaussian Guided Filter
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i Idea of Filtering

[N KaXkaoro okHa Pi.:
k
pi ; = arlij + O
KoadduumenTtsl (% n by, onpepensioTcs Tak,

4TO6bl HaUy4YWwnM 06pa3oM COOTBETCTBOBATb
NCXOHOMY M300pakeHUIo
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GRAPHICS & MEDIA LAB

Steps of the Algorithm =

Algorithm 1 Guided Filter.

In

put: filtering input image p, guidance image /I,

radius r, regularization e
Output: filtering output ¢.

1:

8]

i

/>€-

mean; = fmean(/)

mean, = fmean(P)

COrT; = fmean(l. % 1)

COITrp = fmean(!. * p)

vary = COorry — Imeary. * mean;j
COVp = COITyp — INeany. % mean,,
a = covyy ./ (vary + €)

b = mean, — a. * meany

mean, = fmean(@)

meany = fmean(b)

. ¢ = mean,. x I + meany

fmean 15 @ mean filter with a wide variety of O(XV)

time methods. */
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i Application to Matting

Binary Mask Source Image
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‘L Application to Matting

Guided Filter Seurce Image
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‘L Application to Matting

_ Joint bilateral :
Filter ' Source Image
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‘L Application to Matting

Domain v
Transform sl diioe
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Fast k nearest
neighbors search (KNN)

GRAPHICS & MEDIA LAB
VIDEO GROUP

PatchMatch: A Randomized
Correspondence Algorithm
for Structural Image Editing

Connelly Barnes', Eli Shechtman??3,
Adam Finkelstein’, and Dan B Goldman?

'Princeton University
Adobe Systems
*University of Washington

) . . C. Barnes, E. Shechtman, A. Finkestein, D. Goldman, “PatchMatch.
CS MSU Graphics & Media Lab (Video Group) A Randomized Correspondence Algorithm for Structural Image 19
www.compression.ru/video/ Editing,” in ACM Transactions on Graphics (TOG), 2009
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i [lpuMep paboTbl anroputMa

W TTESF

originals random :', iteration % iteration 1 iteration 2 iterations 5 iterations

[TOMCK NOTOKA M3 HMXKHErO U306paXXEHNSI B BEPXHEE.
Hue KOMMOHEeHTa COOTBETCTBYET Yriny
Magnitude KOMNOHEHTa ANMHE BEKTOPa

. . ) C. Barnes, E. Shechtman, A. Finkestein, D. Goldman, “PatchMatch.
CS MSU Graphics & Media Lab (Video Group) A Randomized Correspondence Algorithm for Structural Image 20
www.compression.ru/video/ Editing,” in ACM Transactions on Graphics (TOG), 2009
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Hetanun anroputma (1)

= pm_minimal.cpp

GRAPHICS & MEDIA LAB
VIDEO GROUP

134

135

163
164

1o

/#% Match image a2 to image kb, returning the nearest neighbor field mapping a2 => b coords, stored in an RGEB 24-kbit image as (by<<l12) |bx. #/
EHwvoid patchmatch (BITMAP *a, BEITMAP *b, BEITMAP *&ann, BITHAP *&annd) {

J* Imitialize with random nearest neighbor field (NNF).
ann = new BITMAP(a->w, a->h);

annd = new BITMAP (a->w, a->h);

int aew = a-»W - patch w+l, aeh = a->h - patch w + 1;
int bew = b-»w - patch w+l, beh = b->h - patch w + 1;

memset (ann->daca, 0, sizeof(int)*a->w¥a->h)
memset (annd->data, 0, sizeof(int) *a->w¥va->h);
= for (int ay = 0; ay < aeh; av++) {
E for (int ax = 0; ax < asw, axt++) {

int bx = rand()%bew;

int by = rand()%beh;

(*ann) [ay] [ax] = XY TC INT(bx, by):
(*annd) [ay] [ax] = dist{a, b, ax, av, bx, by):

E }
rol
H for (int iter = 0; iter = pm_iters; iter++) {
int ystart = 0, yvend = aeh, ychange = 1;
int ®start = 0, xend = aew, Xchange = 1;
= if (iter % 2 = 1) {
xstart = xend-!; ®end = -1; xchange = -1;
yatart = yend-1; yend = -1; ychange = -1;
r }
= for (int ay = ystart; ay != yend; ay += ychange) {
E for (int ax = xstart; ax != =xend; ax 4= xchange) {
/* Current (best) guesss. */
int v = (*ann) [ayv] [ax].
int xbest = INT TO X(v), vbest = INT TO Y(v);
int dbest = (*annd) [ay] [ax]:

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

=/

J# Effective width and height (possible upper left corners of patches). */

J# In each iteration, improve the NNF, by looping in =scanline or reverse-scanline order. =/

C. Barnes, E. Shechtman, A. Finkestein, D. Goldman, “PatchMatch.
A Randomized Correspondence Algorithm for Structural Image
Editing,” in ACM Transactions on Graphics (TOG), 2009

21
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i [etann anroputMa (2)

= pm_minimal cpp |

166

-]
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o

’J] /* Propagation: Improve current guess by trying instead correspondences from left and above (below and right on odd iterations). =/
= if ({unsigned) (ax - xchange) < (unsigned) aew) {
int wp = (%ann) [ay] [ax-xchange] ;
int xp = INT _TO X({vp) + xchange, yp = INT TO Y(vp):
=] if ((unsigned) xp < (un=signed) bew) {
improve_guess(a, b, ax, ay, xbest, ybest, dbest, xp, ¥p):
E }

=] if ((unsigned) {(ay - wvchange) < (unsigned) aeh) {
int vp = (*ann) [ay-vchange] [ax] !
int xp = INT_TO X({vp), vp = INIT_TO ¥(vp) + ychange;
=] if ((unsigned) vp < (unsigned) beh) {
improve guess(a, b,| ax, ay, xbest, ybest, dbest, xp, ¥p)-
e }
r }

/* Random search: Improve current guess by searching in boxes of exponentially decreasing size around the current best guess. =/

int rs_start = rs_max;
if (rs_start > MAX(b->w, b->h)) { rs_start = MAX(b->w, b->h}); }
= for (int mag = rs_start; mag >= _; mag /= 2} {

/* Sampling window */

int xmin = MA¥ (xbest-mag, C), Xmax MIN (xbest+mag+l bew) !

int ymin = MaX(ybest-mag, ), vmax HMIN(ybesti+mag+l beh) !

int Xp = xmintrand()%(xmax-xmin} ;
int vp = ymindrand()%(yvmax-yvmin) ;
improve guess({a, b, ax, ay, xbest, ybest, dbest, xp, vp);/

(*ann) [ay] [ax] = XY_TO INT(xbest, ybest);
{(*annd) [ay] [ax] = dbest;

C. Barnes, E. Shechtman, A. Finkestein, D. Goldman, “PatchMatch.

CS MSU Graphics & Media Lab (Video Group) A Randomized Correspondence Algorithm for Structural Image
www.compression.ru/video/ Editing,” in ACM Transactions on Graphics (TOG), 2009
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[peanonoxeHune o npupoae L&

OcHoBHOe ypaBHeHWe matting‘a:
oF +(1—a)B=1

1 B
— o= =al — b
““F-B F-B °
[1peanonoXuM, 4To KO3IMPULINEHTDI

@, b nokanbHO MOCTOSHHbI
(oKpecTHOCTM 3X3 B aBTOPCKOWN peann3aummn)

) ] ] A. Levin, D. Lischinski, Y. Weiss, “A Closed-form Solution to Natural
CS MSU Graphics & Media Lab (Video Group) Image Matting,” in JEEE Pattern Analysis and Machine Intelligence 24
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i Matting Laplacian (1)

[peanonoXXmB TOKaNbHYO IMHEUHOCTb (X, Mbl
MOXXEM MNOCTPOUTb DYHKLIMOHAN, SKCTPEMYM
KOTOporo éyaer pellueHneM:

J(a,a,b) = Z Z(Qj —a;I; — b;)* + ea?
Jjel \1€W;
Torpa
a = arg min J(a) = arg min/min J(«, a, b))
o o  a,b

) ] ] A. Levin, D. Lischinski, Y. Weiss, “A Closed-form Solution to Natural
CS MSU Graphics & Media Lab (Video Group) Image Matting,” in JEEE Pattern Analysis and Machine Intelligence 25
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‘L Matting Laplacian (2)

min J(a, a,b) = J(a,argmingpJ (o, a,b))

a,b
argmingpJ(a,a,b) = Y (Y (o; — azl; — bj)* + eas) =
Jel icw;
a —
= S 16k (3] -
. k

— J(Od) = Z C_fgé{éko_fk
. k
rne Gy =1 — GL(GYG) 1GE
— J(@) =a'La
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Input image Bayesian Matting Poisson matting Closed-form matting Scribbles

) ] ] A. Levin, D. Lischinski, Y. Weiss, “A Closed-form Solution to Natural
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Input image Trimap Bayesian matting Scribbles Closed-form matting

) ] ] A. Levin, D. Lischinski, Y. Weiss, “A Closed-form Solution to Natural
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i Results (3)

N

3 Y . % 5 3 “‘\

Input image Matting result Foreground Background New background
reconstruction reconstruction

) ] ] A. Levin, D. Lischinski, Y. Weiss, “A Closed-form Solution to Natural
CS MSU Graphics & Media Lab (Video Group) Image Matting,” in JEEE Pattern Analysis and Machine Intelligence 29
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NpeanonoxeHue o npupoae [

[IBVXXEHWNSA B BUAEO “

CS MSU Graphic_s & Medi_a Lab (Video Group) M. Sindeev, A. Konushin, and C. Rother, “Alpha Flow for Video
www.compression.ru/video/ Matting,” Asian Conference on Computer Vision (ACCV), 2013
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i Llarn AnroputMma (1)

1. MIHMUmanusaums anb@a noToka 3Ha4eHnsIMun
onTunyeckoro notoka and RGB

2. 0ObpaboTka occlusions: NOCTpoeHme Lenoyek
(cynepnukcenen Bo BpeMeHn)

3. [NepepacyeT 3Ha4yeHun Npo3pavyHOCTH

CS MSU Graphics & Media Lab (Video Group) M. Sindeev, A. Konushin, and C. Rother, “Alpha Flow for Video 32
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i LLlarn Anroputma (2)

4. OunbTpaums (Guided Filter),
4yTObbI NOAABUTL apTedaKkTbl B BUAE
6onbLLMX NOMYNpPO3payHbIX obnacTen
(B KOHUE 3TOT LWar MOXeT ObITb MPOnyLLUeH)

5. BbldncneHue anb@a noToka
6. [lepexopn Ha Lar 2

CS MSU Graphics & Media Lab (Video Group) M. Sindeev, A. Konushin, and C. Rother, “Alpha Flow for Video 33
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BelyncneHme ontnyeckoro

i noToka (1)

E(V) =

= Z a(x,y,t) —alz + Vi, y + V,, t+1))°+
T,y,t

FA(Va]? + V%)

[lepBoe n TpeTbe cnaraemMoe onNTUMU3UNPYHIOTCA

A
QQ(U V)?+ Eg(V)

CS MSU Graphics & Media Lab (Video Group) M. Sindeev, A. Konushin, and C. Rother, “Alpha Flow for Video 34
www.compression.ru/video/ Matting,” Asian Conference on Computer Vision (ACCV), 2013
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BelyncneHme ontnyeckoro
NoToKa (2)

[lepBoe cnaraemoe:
PatchMatch-based Motion Estimation
BTopoe cnaraemoe:

PelleHne NMHENHOW CUCTEMbI YPaBHEHUM
(ecnn 9 He owKnbaroChb)

BoobLue, roBopst ycroBue rnagkoct MOXeT
6b1Tb BKItOUeHO U B PatchMatch [Besse 2012]

CS MSU Graphics & Media Lab (Video Group) M. Sindeev, A. Konushin, and C. Rother, “Alpha Flow for Video 35
www.compression.ru/video/ Matting,” Asian Conference on Computer Vision (ACCV), 2013
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i ObpaboTka occlusions

OnNTUYECKUIM NOTOK BbIUMCIAETCA B 06€ CTOPOHbI

Ecnn BekTOpa B 060MX HanpasBieHUsIX
npnbnm3nTensHoO coBnaaatoT (ecnn g He
owmnbarochb), To OHM 0O6pa3yloT HeHarnpaB/ieHHOEe
pebpo B HalleM rpade

[lonpobyem coeanHATb NocnenoBaTesbHbIE
BEKTOpPa B LIEMOYKMU

CS MSU Graphics & Media Lab (Video Group) M. Sindeev, A. Konushin, and C. Rother, “Alpha Flow for Video 36
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ANropuTM MOCTPOEHUS
Lilernoyek

Llernoykn AomKHbl HAYMHATBCA U 3aKaHUYMBATbLCS
B occlusion’ax

Ha Ka)xaoMm Lware éyaem «xaaHo» BblbupaTb
[Be Llernoykn, KoTopble coegmHsieM, noka LeHa
(NnpupalleHre onTUMMmn3npyeMon yHKLMN)

He CTaHeT oTpuuaTesibHa

Ka)xaas uenoyka AaeT BKa4 B 3aBUCUMOCTU
OT ANCNEPCUMN LBETOB NUKCENEN BAONb Hee

CS MSU Graphics & Media Lab (Video Group) M. Sindeev, A. Konushin, and C. Rother, “Alpha Flow for Video 37
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PacnpeneneHue anvH

GRAPHICS & MEDIA LAB

Leno4yek (Avg = 2—4)

CS MSU Graphics & Media Lab (Video Group) M. Sindeev, A. Konushin, and C. Rother, “Alpha Flow for Video 38
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NnniocTtpauus obbeanHeHus
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HENMOYEK
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Fig. 6. (a) Superpixel merging procedure. Cyan lines are undirected flow vectors
(candidates for merging the trajectories). If the dashed candidate is chosen for merging,
adjacent candidates are deleted (marked with red ‘x’). Merging gain values are then
updated for the candidates adjacent to opposite ends of the merged trajectories (marked
with red ‘0”). (b) Temporal connections (blue lines) are hard constraints made up from
temporal pixel grouping. Spatial connections (not shown) are the same for every frame
and define a grid of soft constraints with edge weights based on Laplacian matrices of
each frame.

CS MSU Graphics & Media Lab (Video Group) M. Sindeev, A. Konushin, and C. Rother, “Alpha Flow for Video 39
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[lepepacyeT 3HauYeHn
i NPO3pPaYHOCTU

DHeprus, KOTOPYH Mbl OMTUMU3UPYEM HA 3TOM LUAre:
Ea) =

= Zwa afr,y,t) — a(z + Ve, y + V) +

—|—04TLtoz roe L, matting Laplacian
01151 NOJSTYYEHHbIX Cyrneprinkcenen

CS MSU Graphics & Media Lab (Video Group) 40
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Matting algorithms
comparlson by M. Erofeev (1)

RA(S IALA
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