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Original Photo Object with new background

Goal: Separate a foreground object
from the background

Introduction to Digital MattingIntroduction to Digital Matting

Problem: Intricate boundaries Problem: Intricate boundaries –– hair hair 
strands and fur.strands and fur.

Introduction to Digital MattingIntroduction to Digital Matting

Solution: OpacitySolution: Opacity

Introduction to Digital MattingIntroduction to Digital Matting

Alpha Matte Image = * *+

C =      α *    F     + (1- α)  *    B

Compositing equation:
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C = αF + (1- α)B   

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

The Problem:
3 equations, 7 unknowns

CR = α * FR + ( 1 – α ) * BR

CG = α * FG + ( 1 – α ) * BG

CB = α * FB + ( 1 – α ) * BB

Compositing equation: Blue Screen Matting

Chroma Keying, “Blue Screen” Matting

Known BackgroundKnown Background
Controlled SceneControlled Scene

Statistical Methods

Berman et al. 2000, Berman et al. 2000, RuzonRuzon and and TomasiTomasi 2000, 2000, 
ChuangChuang et al. 2001et al. 2001

Input Alpha Matte 
Image

CompositingUser Supplied 
Trimap

Calculate P(B)

Calculate P(F)
Given 
image

Unknown region

Statistical Methods

2. solve for F, B, 2. solve for F, B, αα in the unknown regionin the unknown region

Rely on good separation in color spaceRely on good separation in color space

1. gather statistical information from user 1. gather statistical information from user 
trimaptrimap

Color Model Acquisition - Summary

Blue Screen
Geometric Model

Natural Matting
Geometric Model

Natural Matting
Probabilistic Model

Natural Matting
Bayesian Model
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Bayesian Matting

““Video Matting of Complex ScenesVideo Matting of Complex Scenes””, SIGGRAPH 2002, SIGGRAPH 2002
““A Bayesian Approach to Digital MattingA Bayesian Approach to Digital Matting””, CVPR 2001, CVPR 2001

ChuangChuang, , AgarwalaAgarwala, , CurlessCurless, , SalesinSalesin, , SzeliskiSzeliski

Bayesian Matting OverviewBayesian Matting Overview

1. Start with a user 1. Start with a user trimaptrimap

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

3. Refine trimap
4. Back to (2)

Find most likelyFind most likely
(F, B, (F, B, αα) values for each ) values for each 
pixel.pixel.

Apply Apply BayesBayes’’ RuleRule

P(C) is constant with P(C) is constant with 
F,B, F,B, αα

Use logUse log--likelihoodlikelihood
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Bayesian Matting Bayesian Matting – Details

Estimating L(Estimating L(C|C|F,B,F,B,αα))

This log-likelihood models error in the measurement 
of C and corresponds to a gaussian probability 
distribution centered at μ=αF+(1- α)B with standard 
deviation σC

Estimating Color Correspondence

The probability that color c agree with The probability that color c agree with gaussiangaussian
color model, parameterized with color model, parameterized with μμ, , ΣΣ

Taking the maximum logarithm (in respect to c)Taking the maximum logarithm (in respect to c)
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Bayesian Matting – Details

Estimating L(F),L(B)Estimating L(F),L(B)
How well estimated F,BHow well estimated F,B
correspond to F/B colorcorrespond to F/B color
modelmodel

L(F)Nearest known F points 
(weighted)
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Bayesian Matting – Details

Eliminating L(Eliminating L(αα))
With no other good assumption, assume L(With no other good assumption, assume L(αα) is ) is 
constant for every possible constant for every possible αα

Solving:Solving:
Derive from Derive from argmax(argmax(L(L(C|C|F,BF,B,,αα)+L(F)+L(B)))+L(F)+L(B))
two sets of linear equationstwo sets of linear equations
Solve iteratively, alternating the sets, assuming that Solve iteratively, alternating the sets, assuming that αα
oror F/B are constant each iterationF/B are constant each iteration

Bayesian Matting – Results

Video MattingVideo Matting

ProblemProblem
Bayesian matting requires a trimap for each frameBayesian matting requires a trimap for each frame
Drawing Drawing trimapstrimaps is laboris labor--intensiveintensive

SolutionSolution
Draw Draw trimapstrimaps only for keyonly for key--framesframes
Interpolate Interpolate trimapstrimaps between keybetween key--framesframes
How to interpolate? How to interpolate? Optical FlowOptical Flow

Optical FlowOptical Flow

C(xC(x) : color at pixel ) : color at pixel coordcoord. x. x
u(xu(x) : velocity of the pixel at x ) : velocity of the pixel at x –– called called flow fieldflow field

)()(1 uxx +=+ ii CC

Video ResultVideo Result Poisson MattingPoisson Matting

““Poisson MattingPoisson Matting””, SIGGRAPH 2004, SIGGRAPH 2004

Sun, Sun, JiaJia, Tang, Shum, Tang, Shum
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Poisson Matting OverviewPoisson Matting Overview

Assumption: The matting gradients mimic the image Assumption: The matting gradients mimic the image 
gradientsgradients
1. Start with a user 1. Start with a user trimaptrimap
2. Estimate alpha values in unknown area, based on 2. Estimate alpha values in unknown area, based on 
image gradients and known alpha valuesimage gradients and known alpha values
3. Refine 3. Refine trimaptrimap
4. Back to (2)4. Back to (2)

Initializing Iterative ProcessInitializing Iterative Process

Start from a userStart from a user--defined defined trimaptrimap

For each p in For each p in ΩΩ, measure F&B from the nearest pixels , measure F&B from the nearest pixels 
in in ΩΩFF & & ΩΩBB

Ω
ΩF

ΩB

Estimating Matting FieldEstimating Matting Field

Assume smooth foreground & backgroundAssume smooth foreground & background

BFBFI ∇−+∇+∇−=∇ )1()( ααα

ααα ∇−<<∇−+∇ )()1( BFBF
We get:We get:

I = I = ααFF + (1+ (1--αα)B)B

I
BF
∇

−
≈∇

1α

Calculating Calculating αα

ΩΩ –– unknown areaunknown area
ΩΩFF –– trimaptrimap foreground areaforeground area
ΩΩBB–– trimaptrimap background areabackground area

Solve:Solve:

FFpp/B/Bpp are taken from nearest pixels at are taken from nearest pixels at ΩΩFF / / ΩΩBB

Calculating Calculating αα
Minimizing is equivalent to solving the Poisson Minimizing is equivalent to solving the Poisson 
equation:equation:

Assuming Assuming DirichletDirichlet boundary conditionboundary condition

F, B and       are measured in grayscaleF, B and       are measured in grayscale
Solve linear systemSolve linear system
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RefinementRefinement

ΩΩF+F+ = { p in = { p in ΩΩ, , s.ts.t. . ααPP > 0.95 (I> 0.95 (IPP ~ F~ FPP) }) }

ΩΩB+B+ = { p in = { p in ΩΩ, , s.ts.t. . ααPP < 0.05 (I< 0.05 (IPP ~ B~ BPP) }) }
Generate a new Generate a new trimaptrimap

Iterate for Iterate for ““fewfew”” iterationsiterations
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ResultsResults

BayesianBayesian
PoissonPoisson

Given ImageGiven Image

ResultsResults Error EffectsError Effects

( ) ( )DIABFI
BF

−∇=∇−−∇−∇
−

=∇ )1(1 ααα

BFBFI ∇−+∇+∇−=∇ )1()( ααα

ααα ∇−<<∇−+∇ )()1( BFBF

Calculating Calculating αα in the local casein the local case

ΩΩ –– unknown areaunknown area
ΩΩFF –– trimaptrimap foreground areaforeground area
ΩΩBB–– trimaptrimap background areabackground area
ΩΩLL–– user selected areauser selected area

Solve:Solve:

BF
A

−
=

1
BFD ∇−+∇= )1( αα

Calculating Calculating αα in the local casein the local case
Assuming Assuming DirichletDirichlet boundary conditionboundary condition

ααgg –– was calculated at the global casewas calculated at the global case
No local discontinuity can be seenNo local discontinuity can be seen

ResultsResults ResultsResults
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ResultsResults
A Closed Form Solution to Matting

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

Levin, Levin, LischinskiLischinski, Weiss, Weiss

Recall Poisson MattingRecall Poisson Matting……

Assume smooth foreground & backgroundAssume smooth foreground & background

BFBFI ∇−+∇+∇−=∇ )1()( ααα

ααα ∇−<<∇−+∇ )()1( BFBF
We get:We get:

I = I = ααFF + (1+ (1--αα)B)B

I
BF
∇

−
≈∇

1α

Estimating Matting FieldEstimating Matting Field

Assume smooth foreground & backgroundAssume smooth foreground & background
I = I = ααFF + (1+ (1--αα)B)B

For every window WFor every window W
ααii ≈≈ aIaIii + b+ b for each i in Wfor each i in W

I1 I2 I3

I4 I5 I6

I7 I8 I9

a = 1/(Fa = 1/(F--B)B)
b = b = --B/(FB/(F--B)B)

WW

Estimating Matting FieldEstimating Matting Field

Minimize J:Minimize J:

εε is a regulation termis a regulation term

Closed Form SolutionClosed Form Solution
It can be proven that:It can be proven that:

Where L is Where L is NxNNxN matrix, and computed directly:matrix, and computed directly:

δδ –– delta functiondelta function
μμ, , σσ –– window parameterswindow parameters
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Moving to Color ImagesMoving to Color Images

Derive Derive aaRR, , aaGG, , aaBB, b from :, b from :

This relaxes the assumption that foreground & This relaxes the assumption that foreground & 
background are smoothbackground are smooth

For every window WFor every window W
ααii ≈≈ aaRRIIRR

ii + + aaGGIIGG
ii + + aaBBIIBB

ii + b+ b
for each i in Wfor each i in W

I1 I2 I3

I4 I5 I6

I7 I8 I9

WW

F = F = ββFF11 + (1+ (1-- ββ)F)F22

B = B = γγBB11 + (1+ (1-- γγ)B)B22

L is still L is still NxNNxN matrix, but computed differently:matrix, but computed differently:

δδ –– delta functiondelta function
μμ, , ΣΣ–– window parameterswindow parameters

Moving to Color ImagesMoving to Color Images

Solving for Solving for αα, F, B, F, B
Solving for Solving for αα, based on user constraints (scribbles), based on user constraints (scribbles)

Can be transformed to Can be transformed to AAαα = B linear problem= B linear problem

Solving for Solving for αα, F, B, F, B

To find F,B, solve a set of linear equationsTo find F,B, solve a set of linear equations
Correspondence term (for each pixel)Correspondence term (for each pixel)

Smoothness terms (for each pixel)Smoothness terms (for each pixel)
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ResultsResults

Scribbles Bayesian

ThisScribbles

ResultsResults

Poisson

Scribbles

This
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More detailsMore details……
We wish to solve:We wish to solve:

Which is like:Which is like:

Differentiate:Differentiate:

D is a diagonal matrix, where D is a diagonal matrix, where ddiiii == 1 == 1 iffiff i in Si in S
B is a vector, where BB is a vector, where Bii==known alpha value ==known alpha value iffiff i in Si in S

CholeskyCholesky Decomposition:Decomposition:
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Future Work (my thesis)Future Work (my thesis)
Interactive MattingInteractive Matting

Incorporate additional user scribbles directly into Incorporate additional user scribbles directly into AAαα = B = B 
linear problemlinear problem

Integrating global color modelIntegrating global color model
Statistical analysis of user scribblesStatistical analysis of user scribbles
Based on this analysis add more alpha constraintsBased on this analysis add more alpha constraints

Solving for videoSolving for video
Goal:Goal: Keep a minimal user interface frameworkKeep a minimal user interface framework
Suggestion:Suggestion: FeatureFeature--based expansion of user scribblesbased expansion of user scribbles
Goal:Goal: Retrieving coherent results between framesRetrieving coherent results between frames
Suggestion:Suggestion: Globally solve for frame pairsGlobally solve for frame pairs

Live presentationLive presentation……

SummarySummary

ScribblesScribblesTrimapTrimapTrimapTrimapUser DataUser Data

~60 ~60 secssecs~5 ~5 secssecs~30 ~30 secssecsComputation Computation 
Time (640x480)Time (640x480)

DirectDirectIterativeIterativeIterativeIterativeSolving MethodSolving Method

Locally linear Locally linear 
foreground and foreground and 
backgroundbackground

Locally smooth Locally smooth 
foreground and foreground and 
backgroundbackground

Color separation, Color separation, 
camera qualitycamera quality

AssumptionsAssumptions

Image windowsImage windowsImage gradientsImage gradientsLocal color Local color 
analysisanalysis

HintsHints

Closed FormClosed FormPoissonPoissonBayesianBayesian


