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Last Time

 Video Stabilization

◼ Video stabilization pipeline
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Today

 Video Stabilization

◼ 3D Video Stabilization

◼ Subspace Video Stabilization
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Motion Plan
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Image courtesy: Matsushita et al. 06
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Voodoo Camera Tracker (http://www.digilab.uni-hannover.de)



Voodoo Camera Tracker (http://www.digilab.uni-hannover.de)
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Unstructured lumigraph rendering [Buehler et al. 01]
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76
F Liu, M Gleicher, H Jin, A Agarwala. Content-preserving warps for 
3D video stabilization, SIGGRAPH 2009
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Our method for novel view synthesis
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input frame and points

81



82

input frame and points                         output points
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input frame and points                         output frame
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[Igarashi et al. 05]
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Input                                 Visual saliency map 
[Itti et al. 99]

Visual saliency: “the distinct subjective perceptual quality which
makes some items in the world stand out from their neighbors and
immediately grab our attention” from [Itti 07]
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Input                                             Output

texture mapping [Shirley et al. 2005]
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No feature points 

97



98
Input  frame



99
Pre-warping
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Pre-warping + content-preserving warping
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Result of content-preserving warping with pre-warping
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Input video & points                           Output points
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Fade-in/out the weight of the data constraint over time
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Result of fade-in/out the weight
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Camera position                          Output points
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3D reconstruction via
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Filter 



Input image



Result of filtering



Result of filtering
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Track feature points Scene
matrix C

Camera matrix E

Input 
trajectory matrix M



The trajectory matrix of a rigid scene imaged by a
moving camera over a short period of time should
approximately lie in a low-dimensional subspace.

[Tomasi and Kanade 1992, Irani 2002]



Track feature points Coefficient
matrix C

Eigen-trajectory 
matrix EInput 

trajectory matrix M

The trajectory matrix of a rigid scene imaged by a moving camera
over a short period of time should approximately lie in a low-
dimensional subspace.

[Tomasi and Kanade 1992, Irani 2002]



Track feature points



Track feature points Input trajectory 
matrix M



Track feature points Coefficient 
matrix C

Eigen trajectory 
matrix E

Input trajectory 
matrix M



Track feature points Coefficient 
matrix C

Eigen trajectory 
matrix E

Smooth eigen
trajectory matrix

Input trajectory 
matrix M

Filter



Track feature points Coefficient 
matrix C

Eigen trajectory 
matrix E

Smooth eigen
trajectory matrix

Smooth trajectory matrix 

Input trajectory 
matrix M

Filter



Naïve filtering                                          Subspace filtering
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Naïve filtering                                          Subspace filtering
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Naïve filtering                                            Subspace filtering
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Track feature points

Coefficient 
matrix

Eigen trajectory 
matrix 

Input 
trajectory matrix

matrix  factorization
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Input

Our result
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Our result
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Our result
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Final result 
from cropping

Frame 2
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A subspace method 
for smoothing the 
feature trajectory

A content-preserving 
warping method for 
video transformation

Contribution 1                                  Contribution 2



Impact

✓ Selected as one of the five Top Videos of 2009 
by New Scientist

✓ Warp Stabilizer in After Effects CS5.5 and 
Premiere CS 6.0 is largely based on our research



Student paper presentation
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Video SnapCut: Robust Video Object 

Cutout Using Localized Classifiers 

X. Bai, J. Wang, D. Simons, G. Sapiro. 

SIGGRAPH 2009

Presenter: Wiemholt, Cody 



Student paper presentation
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A Global Sampling Method for 

Alpha Matting

K. He, C. Rhemann, C. Rother, X. Tang, and J. Sun 

CVPR 2011

Presenter: Zwovic, Kitt 



Next Time

 Video Stabilization III

 Stereoscopy Photography

 Student paper presentation

◼ 05/19: Filgas, Ryan

 A Closed Form Solution to Natural Image Matting 

A. Levin, D. Lischinski, and Y. Weiss 

CVPR 2006
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