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Introduction to Digital Matting

Goal: Separate a foreground object
from the background

Original Photo Object with new background

Introduction to Digital Matting

Solution: Opacity.

Alpha Matte Image

Outline

Introduction to Digital Matting
Bayesian Matting

Poisson Maiting

A Closed Form Solution to Matting

Introduction to Digital Matting

Problem: Intricate boundaries - hair
strands and fiur.

Compositing equation:




Compositing equation:

CR=a*FR+(1-a)*BR
C=aF +(1- a)B

C6=a*F6+(1-a)*B6

CB=a*FB+(1-a)*BB

Solve:
Given C, find (F,B,a) for each pixel

The Problem:
3 equations, 7 unknowns

Chroma Keying, "Blue Screen” Matting

= Known Background

m Controlled Scene

Statistical Methods

1. gather statistical information from user
rimap

o 3 : ( / .
Given 7Y Calculate P(B)
image ‘,-\\ Calculate P(F)

2. solve for F, B, @ inithe unknown region

Unknown region /‘

Rely:on good| separation in colorispace

Blue Screen Matting

Statistical Methods

Berman et al. 2000, Ruzon and Tomasi 2000,
Chuang et al. 2001
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Input User Supplied Alpha Matte

Compositing
Trimap Image

Color Model Acquisition - Summary

Blue Screen Natural Matting Natural Matting
Geometric Model Geometric Model Probabilistic Model

Natural Matting
Bayesian Model



Bayesian Matting

“Video Matting of Complex Scenes” 5GRAPEL 2002

U

Approach to Digital Matting”, CVPR 2001

Chuang, Agarwala, Cutless, Salesin, Szeliski

Video Matting of Complex S

Bayesian Matting

Find most

(F,B,a) =argmaxP(F,B,«|C)

F.Ba

=argmaxP(C | F,B,a)P(F)P(B)P(«)/P(C) Apply Bayes’ Rule

[:

— arg max P(C | = B,a)P(F)P(B)P(a) I\;wci: constant with
F.Ba e’

=argmaxL(C|F,B,a)+L(F)+L(B)+ L(«)

F.Ba

Use log

Estimating Color Correspondence

m The probability that colot ¢ agree with gaussian
color model, parameterized withi 1, 2

(c—u) Zl(c—,u)]

fc|u2) =————ex [—
(27)" det(z) 2

m Taking the maximumilogarithm (in respect to) ¢)

L(c|u,2) = 7(C7/1)T 2 (c-p)

Bayesian Matting Overview

m 1. Start with a user trimap

m 2. Solve for boundaries of the unknown region
Estimate F,B,a using probabilistic framework, relying
on nearest pixels from trimap

m 3. Refine trimap
m 4. Back to (2)

Bayesian Matting - Details

m Hstimating [L(C| F,B,@)

L(C|F,B,a) = —||C—aF —(1-a)B|*/o%

This log-likelihood models error in the measurement
of C and cortesponds to a gaussian probability
distribution centered at U=0F+(1- a)B with standard
deviation O

Bayesian Matting - Details

Nearest known F points
(weighted)

m Hstimating L1, I.(13)
How well estimated F, B
cortespond to /B colot
model




Bayesian Matting - Details

m Hliminating I.(c)
With no other good assumption, assume IL(Q) is
constant fot e

m Solving:
¢ from argmax(ILL(C| E,B,a)+IL(F)+1L(B))
W oft linear cquations
Solve iteratively, altetnating the sets, assuming that @
or I7/B ate constant each iteration

Video Matting

m Problem
Bayesian matting requites a trimap for: each frame
Drawing trimaps)is labot-intensive
m Solution
Drayy ttimaps only for key-frames
Interpolate trimaps between key-frames

Hoow: to interpolater > Optical How,

Video Result

Segmentation

Composite

Bayesian Matting - Results

Optical Flow

Cia(x)=C;(x+u)

m C(x): color at pixel coord. x

m u(x) : velocity of the pixel at x — called /o field.

Poisson Matting

“Poisson Matting”, SIGGRAPHI 2004

R

Sun, Jia, Tan;




Poisson Matting Overview

Assumption: The matting oradients mimic the image

tadients

0

g

1. Statt with a uset trimap
2

. Istimate alpha values| in unknown area, based on
image gradients and known alpha values

3. Refine trimap
4. Back to (2)

Estimating Matting Field

I =aF + (1-a)B
VI =(F-B)Va+aVF +(1-a)VB
m Assume smooth foreground & background

aVF +(1-a)VB << (F -B)Va

u We get:

Calculating o

m Minimizing is equivalent to solving the Poisson
equation:

m I, Bland VI are measured in grayscale
m Solve lineat system

Initializing Iterative Process

| Start from a user-defined trimap

NR

u [or cach piin 0, measure F&IB) from the neatest pixels

in Qi & Qb

Calculating o

m O — unknown area

m Qr— trimap, foreground atea
m Qs— trimap backeround arca
m So

argmin Vo, —
enin [ [ 19

m| [ /B are taken from nearest pixels at Qr / Qs

Refinement:

m Qi = {pinQ, st ar> 0951 ~ )}
m Qu = { pinQ, s.t. ar < 0,05 (Ir ~ By) }

u| Generate a new temap

-

m [terate for “few’” iterations




Results

Calculating a in the local case

m O — unknown arca
m QF — trimap foreground ares
m Qs trimap backgroundlarea

| QL_ user selected atea

Solve:

PE S

Error Effects

VIl =(F-B)Va+aVF +(1-a)VB

aVF +(1-a)VB << (F-B)Va

1

Va=——
F-B

(VI —aVF —(1-a)VB)= A(VI - D)

Calculating a in the local case

u Assuming Dirichlet boundary condition

m| @, — was calculated at the global case

1 No local discontinuity can be seen

P S

[




A Closed Form Solution to Mattin
Results *

“A Closed Form Solution to Natural Image Matting”, CVPR 2006

ILevin, ILischinski, Weiss

Recall Poisson Matting... Estimating Matting Field

I=af +(1-a)B I =aF + (1-a)B

VI = (F o B)VQ’ +aVF + (1—&')VB m| Assume smooth foreground & backgtound
For every window W.
m Assume smooth foreground & background 0 = GI; +b for eachiin W
aVF +(1-a)VB << (F -B)Va
u We get: < - as 1/(F-B)
* b = -B/(F-B)

Estimating Matting Field Closed Form Solution

. m [t can be proven that:
u Minimize J: P

Jel \iew;

2 97
J(a.a.b) = z ( Z (0 —ajli—bj)" + E”?) m Where I 18 NxIN| mattix, and computed directly:

o) =i J(a;a,5) Y (3,-_,——L 1 ﬁ(h—m){f’f—m})

k(7. j)Ewy Iwil

m € isa regulation term a5 delta function
= — delta O

u |, 6/— window patameters



Moving to Color Images Moving to Color Images

For every window W. m [ 1s still NxN matrix, but computed differently:
o, = a*IR + a®I% + aPIB + b
for each il int W 3

|

| :
(5” (1 '-"U:'—m-}(Ea-+_:Th)_'{":‘ "ﬂr.-J))

k(i Ewy

m 0 — delta function:
e R NG, From - .
m Derive a*, 2%, a7, biftom s F = BFl + (1- B)FZ m [, »— window patamcters
B =VB; + (1- Y)B,
m This relaxes the assumption that foreground &
background are smooth

Solving for a, F, B Solving for a, F, B

m Solving for O, based on user constraints (sctibbles) - . .
m To find E,B; solve a set of linear equations

o=argmin 0/ Lo. stoy=s.VieS Cotrespondence temm (for ach pixcl)
(aF +(1-a)B-1)?
Smoothness terms (for cach pixel)
al|F(x,y) - F(x+1, y)||2 i
alF (o y)-F(x y+D) +

2
_. @-a)[B(x,y)-Bx+Ly)[ +
m| Can be transformed to Aol = B lincar problem 1-a) "B(X y)—B(x+1 y)“2

PE S P S

Scribbles

Scribbles Poisson

W

S ;ibbies




More details... Future Work (my thesis)

. wish to solve: Ja* =argmin(e' La) m Interactive Matting;
ditional user scribbles directly into /

chi s like: o
Integrating olobal color model

arg min| &' La + /12 (Oli _ - Statistical ans lysis of user scribbles ‘
o Based on this analysis add more alpha constraints

= v Solving; for: video

(L+AD a=2B al: Keep a minimal user intet

Suggestion: Heature-based expansion of user s

ferentiate:
diagonal matrix, whete d 1 iffiin S

ot, where B==known alpha valuc iff i in S

Cholesky Decomposition:

RR' o = AB

Summary

Locally smooth ocally linear
foreground andl | forcground and




