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Segmentation framework

<latexit sha1_base64="AYdMMcCcBJ5bylfPMHtDDdGMBdk="></latexit>

↵n =

⇢
0 pixel n background
1 pixel n foreground

Minimize:

Subject to:

Parameters

Pixel values

Data term: linear in alpha
Smoothness term: quadratic in alpha



Segmentation framework

Probability of obtaining z_n given alpha_n



Segmentation framework

distance between pixel locations Contrast between pixels

Notice: it is better to agree than to disagree
(cost goes down)



Key issues

• Impute probability model from markup

• Given model, compute solution
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Simplest probability model

• Markup is a tri-map
• build model for foreground, background
• histogram; single gaussian for color; mixture of gaussians for color

• now for each pixel, the data term is 

<latexit sha1_base64="rO+rGEQ6CMbmzaFJFfi0YCTIrYo="></latexit>

↵n [� log p(zn|foreground)] + (1� ↵n) [� log p(zn|background)]



Smoothness term

<latexit sha1_base64="5M1UPS0HHX96M9IoaPvzCuPgXho="></latexit> X

m,n2C

(↵n(1� ↵m) + (1� ↵n)↵m)
⇥
� exp

�
�� || zm � zn ||2

�⇤

<latexit sha1_base64="x2titJDjLfjP7dY5Zex1HsH3PxA="></latexit>

(linear term in ↵)�
X

m,n2C

(↵n↵m)
⇥
� exp

�
�� || zm � zn ||2
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Which is:

Which is:



Underlying optimization problem

<latexit sha1_base64="rpBrAy7hZQPYXbJPbwCvQWGI7Bk="></latexit>

(linear term in ↵)�
X

m,n2C

(↵n↵m) [wm,n]

<latexit sha1_base64="AYdMMcCcBJ5bylfPMHtDDdGMBdk="></latexit>

↵n =

⇢
0 pixel n background
1 pixel n foreground

Minimize:

Subject to:

positive

This, by earlier results, is a max-flow/min-cut problem
(steps: turn it into a linear program; notice that inconvenient constraints are not

active, so that soln will be at integer point; OR directly)



Foreground/background from markup

Rother et al, 04



More interesting probability model

• Have 2k normal distributions 
• k each: for foreground, background
• in color or some other feature vector
• parameters: mean, covariance

• At each pixel, have an integer
• assigns pixel to a normal

• which gives
<latexit sha1_base64="BcxTzzXzbmxXaF8MBwsIAUpUEW4="></latexit>

↵n [� log p(zn|foreground, fn)] + (1� ↵n) [� log p(zn|background, fn)]

<latexit sha1_base64="KXZPLnGkD+HBrWSUi42AHJgLluU=">AAACC3icbVDLSsNAFJ34rPVVdelmaBFclJAUX8uiG5cV7AOaECbTSTt0MgkzN0IJ3bvxV9y4UMStP+DOv3H6WGjrgQuHc+7l3nvCVHANjvNtrayurW9sFraK2zu7e/ulg8OWTjJFWZMmIlGdkGgmuGRN4CBYJ1WMxKFg7XB4M/HbD0xpnsh7GKXMj0lf8ohTAkYKSuUokB6X2BMsAi93q7hWxbZtV/HQU7w/AG8clCqO7UyBl4k7JxU0RyMofXm9hGYxk0AF0brrOin4OVHAqWDjopdplhI6JH3WNVSSmGk/n/4yxidG6eEoUaYk4Kn6eyInsdajODSdMYGBXvQm4n9eN4Poys+5TDNgks4WRZnAkOBJMLjHFaMgRoYQqri5FdMBUYSCia9oQnAXX14mrZrtXtjnd2eV+vU8jgI6RmV0ilx0ieroFjVQE1H0iJ7RK3qznqwX6936mLWuWPOZI/QH1ucPwxSY/A==</latexit>

fn 2 {1, 2, ..., k}



Steps:

• Iterate:
• Estimate f_n for each pixel
• given alpha_n, mean, covariance for each normal
• use normal with largest likelihood

• Estimate mean, covariance for each normal
• given f_n, alpha_n
• Estimate alpha_n for each pixel
• by cutting graph

• Until energy does not decline


