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Reading

• Snavely, Seitz, Szeliski, Photo Tourism: Exploring 
Photo Collections in 3D. SIGGRAPH 2006.
http://phototour.cs.washington.edu/Photo_Tourism.pdf

http://phototour.cs.washington.edu/Photo_Tourism.pdf
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Structure from motion

• Input: images with points in correspondence      
pi,j = (ui,j,vi,j)

• Output
• structure: 3D location xi for each point pi
• motion: camera parameters Rj , tj

• Objective function: minimize reprojection error

Reconstruction (side)
(top)
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SfM objective function

• Given point x and rotation and translation R, t

• Minimize sum of squared reprojection errors:

predicted
image location

observed
image location



Solving structure from motion

• Minimizing g is difficult:
– g is non-linear due to rotations, perspective division
– lots of parameters: 3 for each 3D point, 6 for each camera
– difficult to initialize
– gauge ambiguity: error is invariant to a similarity transform 

(translation, rotation, uniform scale) 

• Many techniques use non-linear least-squares (NLLS) 
optimization (bundle adjustment)
– Levenberg-Marquardt is one common algorithm for NLLS
– Lourakis, The Design and Implementation of a Generic Sparse 

Bundle Adjustment Software Package Based on the Levenberg-
Marquardt Algorithm, http://www.ics.forth.gr/~lourakis/sba/

– http://en.wikipedia.org/wiki/Levenberg-Marquardt_algorithm

http://www.ics.forth.gr/~lourakis/sba/
http://en.wikipedia.org/wiki/Levenberg-Marquardt_algorithm
http://en.wikipedia.org/wiki/Levenberg-Marquardt_algorithm
http://en.wikipedia.org/wiki/Levenberg-Marquardt_algorithm


Photo Tourism
• Structure from motion on Internet photo collections



Photo Tourism



Photo Tourism overview
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Scene reconstruction

Feature detection

Pairwise
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Feature detection
Detect features using SIFT [Lowe, IJCV 2004]



Feature detection
Detect features using SIFT [Lowe, IJCV 2004]



Feature detection
Detect features using SIFT [Lowe, IJCV 2004]



Feature matching
Match features between each pair of images



Feature matching
Refine matching using RANSAC [Fischler & Bolles 1987] to be 

consistent with a 3D rigid motion



Incremental structure from motion



Incremental structure from motion



Incremental structure from motion



Problem size

• Trevi Fountain collection

466 input photos

+ > 100,000 3D points

= very large optimization problem 
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Photo Tourism Video





More information

• Paper: “Photo Tourism: Exploring photo collections in 3D,” 
http://phototour.cs.washington.edu/Photo_Tourism.pdf

• http://phototour.cs.washington.edu

• http://photosynth.net

• http://grail.cs.washington.edu/rome

http://phototour.cs.washington.edu/
http://photosynth.net/
http://grail.cs.washington.edu/rome

