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Outline

• Alpha Matting

• Environment Matting

• Nearest Neighbor Search

• Image Collections

• Content-aware Retargeting and Resizing
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Alpha Compositing
• Compositing Images

• Include an “alpha” channel representing opacity

• Compositing RGBA image A on top of B

RGB αA
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Alpha Compositing
• Compositing Images

• Include an “alpha” channel representing opacity

• Compositing RGBA image A on top of B

C = α A + (1 - α) B

A B C
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Alpha Matting

• Decomposing images into layers

• From C, find A (including α) and B. 

• Much harder problem

A B C
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Soft Scissors
[Wang et al. 2007]
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Soft Scissors
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Soft Scissors
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Soft Scissors
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Environment Matting

• Alpha matting fails for complex light transport

• Let’s explicitly model refraction and reflection
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Environment Matting
[Zongker et al. 1999]
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Attenuation-Refraction Mattes
[Yeung et al. 2011]

• Humans are quite bad at evaluating light transport

• So lets cheat on the refraction
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Attenuation-Refraction Mattes

Specular Color

Specular Alpha Transmission Color

Background Color
Refraction Warp
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Attenuation-Refraction Mattes
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Attenuation-Refraction Mattes
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Attenuation-Refraction Mattes

Can you 
spot the 

real glass?
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Nearest Neighbor Search

• Given an image patch, find a similar one elsewhere

• Useful for many tasks:

• Texture synthesis

• Hole filling

• Retargeting

• Denoising

• Optical flow
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PatchMatch
[Barnes et al. 2009]
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PatchMatch
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PatchMatch
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PatchMatch
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PatchMatch
• Hole Filling
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PatchMatch
• Hole Filling
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PatchMatch
• Hole Filling
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PatchMatch
• To Photoshop!
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PatchMatch
• To Photoshop!
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Image Collections

• What happens when there just 
isn’t enough data?

• Instead, let’s steal data from 
other photos

• Likelihood of a good match 
increases with dataset size
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Scene Completion
[Hays and Efros 2007]
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Scene Completion

“Existing image completion methods might 
produce sterile images but they don’t risk putting 
an elephant in someone’s back yard or a 
submarine in a parking lot.”

• Not as straightforward as it might seem at first.

• Must limit possible sources by semantic similarity to target
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Scene Completion

• GIST [Oliva and Torralba 2006] 
encodes scene semantics

• Histograms of oriented edge 
filter responses in coarse spatial 
bins at multiple scales

• Only works for semantic 
matching with HUGE datasets
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Scene Completion

• Show top N choices to user

• Composite using Graphcut and Poisson blending
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Scene Completion
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Aside: Phototourism

• Navigating large image collections is hard

• Make it easy by leveraging spatial structure present 
in large datasets of landmarks 

[Snavely et al. 2006]
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Aside: Phototourism
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Retargeting
• Display devices have different aspect ratios
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Retargeting
• Media (photos, video, webpages, etc.) have different 

aspect ratios.

• How do you show a 1.3:1 image on a 1:1 display?

• Aspect Fill (crop)

• Aspect Fit (letter box)

• Non-uniform scale
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Seam Carving
[Avidan and Shamir 2007]
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Seam Carving

Energy Function (gradient magnitude)
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Seam Carving
• To shrink an image, remove pixels with low energy
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Seam Carving

• Find minimum energy seams by dynamic programming

• Suppose we want to reduce image width by one pixel

• Define an image C such that C(x,y) is the minimum 
cost of a seam passing through (x,y)

• C(x,y) = e(x,y) + min(C(x-1,y-1), C(x,y-1), C(x+1,y-1)

• Best seam found by backtracking from ymax
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Seam Carving

• To enlarge an image, insert pixels where they are 
unlikely to be noticed (low energy seams)
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Seam Carving
• Can also use seam carving for hole-filling*

*The entire image changes, so it’s not the typical meaning of hole-filling 
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Seam Carving
• Fails when good seams don’t exist
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Now we watch paper videos 
until we run out of time

• Matting

• Attenuation-Refraction Matting  [Yeung et al. 2011]

• Nearest Neighbor Search

• Non-Rigid Dense Correspondence [HaCohen et al. 2011]

• Image Collections

• Finding paths through the worlds photos [Snavely et al. 2008]

• Retargeting and resizing

• Video seam carving [Rubinstein et al. 2008] 

• Multi-operator retargeting [Rubinstein et al. 2009]

• Upscaling using Local Self-Examples [Freeman and Fattal 2011]
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