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Motivation

Automatically done,
less Interactions
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* Overview

= Previous Work
= Graph Cut
= Algorithm

= Demo
= Strength
= Weakness

= Implementation
= Thinkings and Conclusions

i Previous Works

Magic Wand Intelligent Scissors
(1987) Mortensen and Barrett (1995)

From SIGGRAPH2004 Lec13_grabcut.pdf

2egions Bo ry Regions & Boundary
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Graph Cuts

Boykoy and Jolly (2001)
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Cut: separating source and sink; Energy: collection of edges
t: Global minimal enegry in polynomial time
Modified from SIGGRAPH2004 Lec13 grabcut.pdf

i Graph Cuts

Graph Cuts
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Min Cut: Global minimal enegry in polynomial time
Modified from SIGGRAPH2004 Lec13 grabcut.pdf
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Graph Cuts

Graph Cuts

Boykoyv and Jolly (2001)
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Modified from SIGGRAPH2004 Lec13 grabcut.pdf

Energy Model in GrabCut

An object is a coherent set of pixels:
E. n(S,x,A) = Color Space (R, G, B)
J J 1
A Y (Si#Sy) exp{—llzi — z;1[%}
i,j adl. 20

Gaussian Mixture Model (typically 5-8 components)
ECOI(BS Sv x) = Z D(Sn, ?1 X.n)

Il Color Distribution Parameters

Energy: E(©,S,x,)\) = Ec, + Econ

From SIGGRAPH2004 Lec13_grabcut.pdf
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Gaussian Mixture Model

Initialization

o
Gaussian Mixture Model (GMM)

+ approximation of color distribution

- weighted sum of K gaussians

* parameters: weights 77, means [{, covariances £
* in color space

1D

In GrabCut
“K=5
+ 1 foreground GMM, 1 background GMM

1. fit bg GMM to colors of pixels with & =0
2. fitfg GMM to colors of pixels with ¢ =1

graphics.ethz.ch/teaching/former/seminar/handouts/Caluori_GrabCut.pdf

after
init 1

graphics.ethz.ch/teaching/former/seminar/handouts/Caluori_GrabCut.pdf




* Algorithm

Wanted

Energy function E=U+V
U: fit of & to z given GMM (color/region information)
V: smoothness term (boundary/edge information)

graphics.ethz.ch/teaching/former/seminar/handouts/Caluori_GrabCut.pdf

i Algorithm

until
convergence

Initialization

* Trimap
- Alpha matte
* GMMs

Iterative Minimization

Assign GMMs to pixels
Adapt GMM parameters
Estimate Segmentation
Apply border matting

User editing

User: fg / bg brush
GrabCut :

* update trimap

= step 3+4 once

graphics.ethz.ch/teaching/former/seminar/handouts/Caluori_GrabCut.pdf
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i Good for Strong Contrast

Almost Perfect!

i Contrast still Strong, But...

F

Background Leaks into

Foreground /

‘ Maybe the tree branches...
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Simple Geometry with Perfect
i Background, Strong Contrast

Cannot Take Out
The Background

i Review of the Algorithm

= Two Types of Costs:
= Coherent Cost = Smoothing

= Color/Region Cost = Selecting Fore/Back
Ground

= GMM = k (usually 5 ~ 8) modes
= The Fore/Background could have k colors.

= The background color could be perfectly
fit into foreground objects. Vice versa...
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GMM Setting Rules

1 K =5 for
. both

lFore K=5
Back K =2

5 color mode forj
Foreground

iSethlinGMM

Perfectly get the
Correct Donut

1 color mode for
Foreground
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i Pascal test case: Face

Halir and part of eye
Become background

Show Time
i Perfect Example 1
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i Perfect Example 2
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i Perfect Example 4

Some background inside...
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Background becomes

* Foreground

Why background cannot be
separated from the object?

Foreground becomes
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i Clear edge and Contrast, but...
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i Implementations

s http://www.cs.cmu.edu/~mohitg/segm
entation.htm

» https://mywebspace.wisc.edu/pwang6/
personal/

m http://research.justintalbot.org/papers/
GrabCut.zip

Supporting Functions

= http://www.adastral.ucl.ac.uk/~vladkolm/soft
ware.html

= GNU License

= MAXFLOW
= License: Research Only

= An Experimental Comparison of Min-
Cut/Max-Flow Algorithms for Energy
Minimization in Computer Vision.
Yuri Boykov and Vladimir Kolmogorov.
In /EEE Transactions on Pattern Analysis and
Machine Intelligence, September 2004.
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i Supporting Functions

m http://www.torch.ch/
= Gaussian Mixture Model(GMM)
= Simple C++
=« More compatibility

= BSD License
= Free to Commercialization
« Remember to advertise UC Berkeley

Chances to be integrated in the
i Inside loop of Computer Vision?

Speed Up and Improve Performance

runs segmentation on water-shed super-
pixels instead of pixels.

Hardware support

= GPU. Provide at least 128 threads.

= Good usage of L2 cache.

Intelligently second touch.

= Hough Transform

= Combined with object recognition
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:.L Conclusion

= GMM setting is very important to get a
reasonable result.

= GrabCut works on the pixels, not the
object.

= Why human could identify foreground
easily? = Object recognition

= Part model could provide the
intelligence to group the pixels to speed
up and avoid mistakes.
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