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Seam carving
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Seam carving

•Dynamic programming

•Unary term: cost of removing pixel, 
saliency (Avidan and Shamir 2007)

•Contact term: cost of bringing pixels 
into contact (Rubinstein et al. 2008)r

r-1

c-1 c+1c

E1 E3E2



10/09/2010 ECCV 2010 Media Retargeting Workshop 7

Motivation

 Could seam carving be better?

Pros

• Simple
• Processing efficient
• Memory efficient
• Produces range of 

retarget sizes

Cons

• Distortion of lines and 
structure

• Greedy optimization
 Han et al. 2009

• Seam carving with contact 
term does not optimize an 
energy defined directly 
between input and output
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Energy minimized by seam carving
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Visibility map
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Visibility map

Crop

Down sample

Seam carving
Rubinstein et al. 2008

Improved 
seam carving
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Energy model

Unary terms Higher order cliques

Sparse structure

[.] is indicator function

}1,0{, crXVisibility map
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Higher order cliques

Horizontal contact term

1
1

H
4,2,1

2 3 4 5

H
5,2,1



10/09/2010 ECCV 2010 Media Retargeting Workshop 16

Higher order cliques

Horizontal contact term

1
1 2 3 4 5

H
4,2,1

H
5,2,1



10/09/2010 ECCV 2010 Media Retargeting Workshop 17

Higher order cliques

Horizontal contact term
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Higher order cliques

Horizontal contact term

Vertical contact term
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Energy terms

Unary term

Unary term of 
Avidan and 
Shamir 2007
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Energy terms

Distortion terms

1. Magnitude 
distance

2. RGB 
distance

3. Relative 
RGB distance

Measure created 
distortion
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Energy terms

Seam terms

1. Repeat 
cost

2. Average 
unary cost

Regularize spatial 
distribution of 
seams to prevent 
„clumping‟
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Energy model

Unary terms

Sparse higher order cliques

Non-zero value Non-zero value
H

ccr rl
E ,

V
ccr du

E ,
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Optimization

 Higher order cliques built over pixels on 
one or two rows

25
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Optimization

 Higher order cliques built over pixels on 
one or two rows

 Non-zero values of cliques depend on 
visibility map of same one or two rows

26

only function of visibility map row rH
ccr rl

E ,

only function of visibility map rows r and r-1V
ccr du

E ,
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Optimization

 Higher order cliques built over pixels on 
one or two rows

 Non-zero values of cliques depend on 
visibility map of one or two rows

  can optimize with dynamic 
programming for seam to remove that 
minimizes this energy

27
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r-1
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Refinement

 Same algorithm, but labelling to 1 (visible) 
instead of labelling to 0 (non-visible)

Image
width C

Remove 
optimal 
seam

Image
width C-1

Without refinement
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Refinement

 Same algorithm, but labelling to 1 (visible) 
instead of labelling to 0 (non-visible)

With refinement

Image
width C

Remove 
optimal 
seam

Image
width C-1

Add in 
optimal 
seam 

(refine)

Remove 
optimal 
seam

Energy 
reduced

?

Yes

No
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Dataset

 100 images from flickr

 Will be available online 
www.vision.ee.ethz.ch/~mansfiea/improvingsc/

 Performed tests with 288 parameter combinations
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Improved Seam Carving

 We found bidirectional similarity measures 
to correlate poorly with human judgement

 By human judgement found the best 
parameters to be:
 Unary of Avidan and Shamir 2007

 Contact term of Rubinstein et al. 2008

 Average unary cost seam term

 No refinement
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Results

Improved SC

No unary

+ refinementNo seam term

Input image

Reduced energy 
in 68.2% of 
results, average 
increase 2.3%
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Results - Improvement

Input image Seam carving
Rubinstein et al. 2008

Improved seam 
carving
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Results – No improvement

Input image Improved seam 
carving

Seam carving
Rubinstein et al. 2008
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Results - Worse

Input image Improved seam 
carving

Seam carving
Rubinstein et al. 2008



10/09/2010 ECCV 2010 Media Retargeting Workshop 37

Outline

 Motivation

 Visibility map

 General energy model for visibility map

 Energy terms

 Optimization

 Results

 Conclusions



10/09/2010 ECCV 2010 Media Retargeting Workshop 38

Conclusions

 Defined a general form of energy over a 
visibility map

 Increased flexibility of modeling and 
optimization

 Can be optimized with the same 
complexity as seam carving
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Future directions

 Why is retargeting not yet ubiquitous?
 No guarantees on quality of result

 Speed

 Insufficient user control

 Future approaches
 User input 

(e.g. Barnes et al. 2009, Mansfield et al. 2010)

 Structure detection

 Lots of data
(such as in Hays and Efros 2007)

 Hierarchical approaches 
(e.g. Pritch et al. 2009)
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Future directions

 Pixel removal
 Avidan and Shamir 2007

 Pixel re-arrangement
 Pritch et al. 2009

 Image warping
 E.g. Wang et al. 2008, Krähenbühl et al. 2009

 Pixel estimation from generative model
 Simakov et al. 2008

Increasing 
flexibility

Increasing 
complexity
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ANY QUESTIONS?

41

All code and images will be available at

http://www.vision.ee.ethz.ch/~mansfiea/improvingsc/
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Results

Good terms

No unary

+ refinement

+ blending

No shift term

Input image
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Results

Input image Seam 
carving

Improved 
seam 

carving

ScalingSeam carving 
visibility map

Improved 
seam carving 
visibility map
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Results

Good terms

No unary

+ refinement

+ blending

No shift term

Input image
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Dynamic programming optimization

r

r-1

c-1 c c+1
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(h)(g)
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Dynamic programming optimization

r

r-1

c-1 c

E1 E3E2

Contact terms 
turned on

Contact terms 
turned off

r

r-1

c-1 c
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(d)(a)
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Energy 
terms
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Relation to shift map

 Given a shift map M with an ordering 
constraint, the visibility map X is given by:

49



10/09/2010 ECCV 2010 Media Retargeting Workshop 52

Blending

 Visibility map assigns a weighting in a 
linear blending:

We use w = 0.25


