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Problem 3+4: Structure from MotionStructure from Motion (SfM)

Estimating 3D structure from  
2D images that may be  
coupled with local motions

Input: 2D images

Output: 3D structure
(+ camera extrinsic)
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Problem 3+4: Structure from Motion

In this homework, we explore two different approaches for SfM

● Factorization Method (problem 3) - Tomasi & Kanade algorithm
● Bundle Adjustment (problem 4)



Problem 3 - Factorization Method
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Problem 4: Structure from Motion
1. Compute essential matrix E from two views
2. Use E to make initial estimate of relative rotation R  

and translation T

3. Estimate 3D location of the reconstruction given RT
4. Optimize (bundle adjustment)

○ Jointly optimize all relative camera motions (R’s and T’s)
○ Minimize total reprojection error with respect to all 3D  

point and camera parameters

5. Repeat 3 and 4 for pairs of frames

Problem 4



Problem 4: Structure from Motion
1. Compute essential matrix E from two views
2. Use E to make initial estimate of relative rotation R  

and translation T
3. Estimate 3D location of the reconstruction given RT
4. Optimize (bundle adjustment)

○ Jointly optimize all relative camera motions (R’s and T’s)
○ Minimize total reprojection error with respect to all 3D  

point and camera parameters

5. Repeat 3 and 4 for pairs of frames



1. Compute essential matrix E from two views
2. Use E to make initial estimate of relative rotation R  

and translation T
3. Estimate 3D location of the reconstruction given RT
4. Optimize (bundle adjustment)

○ Jointly optimize all relative camera motions (R’s and T’s)
○ Minimize total reprojection error with respect to all 3D  

point and camera parameters

5. Repeat 3 and 4 for pairs of frames



Problem 4: Structure from Motion



Problem 4: Structure from MotionUse E to make initial estimate of relative  
rotation R and translation T

However, this gives four pairs of rotation  
and translation, (R1, R2) x (T, -T)

How do we find out which R and T is the  
correct one?



There exists only one solution that will  
consistently produce 3D points which are 
both  in front of camera

Compute 3D point’s location in the RT frame!

● Find 3D location of the image points given RT frame
● Chose the one which has the most 3D points with  

positive depth (z-coordinate) with respect to both  
camera frame
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Problem 4: Structure from Motion

Estimate 3D location of the reconstruction  
given 1. projective camera matrix 2. their 
image  coordinates

Two different possible approaches:

1. Formulating a linear equation to solve
2. Nonlinear optimization to minimize  

reprojection error
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Problem 4: Structure from Motion
Estimate 3D location of the reconstruction
given 1. projective camera matrix 2. their image coordinates

Nonlinear optimization to minimize reprojection error

Gauss-Newton algorithm

Begin from linear estimation for better initialization 



Problm 4: Structure from Motion(reprojection) error: difference between the projected point (MiP) and ground-  
truth image coordinate pi

Jacobian:
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