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Recap: 2-view Geometry from 3D-3D Correspondences

How to estimate the relative pose between the cameras 
from 3D-3D correspondences                   with                      ? 
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Few More Comments:
3 points are sufficient to compute the relative pose 

from 3D-3D correspondences

We can use the solver seen today as a 3-point 
minimal solver within a RANSAC method 

Also useful for 3D objects localization:

Other names: vector registration, point cloud alignment, .. 



Today

• Optimization examples 

• Estimation Basics 

Part I: Estimation Machinery  
(more than what we need)



Example 1a: Triangulation (Structure Reconstruction)
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Compute 3D point  
from known poses

Linear triangulation:



Example 1b: Triangulation (Structure Reconstruction)

C1 C2

Compute 3D point  
from known poses

Nonlinear triangulation:



Example 2a: Motion Estimation

Time 1 Time 2 Time 3



Example 2b: Motion Estimation

Generalizes to K cameras: Bundle adjustment

Time 1 Time 2 Time 3



Example 2b: Motion and Structure Estimation

Generalizes to K cameras: Bundle adjustment

Scale? 
Rigid transformations?



[courtesy of F. Dellaert & Y-D. Yian]

Structure from Motion



Estimation Theory

Estimator: a function of the measurements that  
approximates the unknown variables

Concerned with the estimation of unknown variables 
given (noisy) measurements and prior information 

Measurements that  
depend on some unknown  

variable x:
Estimator for x:



Maximum Likelihood Estimation (MLE)

Measurement 
likelihood

Negative  
log-likelihood



Maximum Likelihood Estimation (MLE)

Measurement 
likelihood

Negative  
log-likelihood



Maximum a Posteriori Estimation (MAP)

Measurement 
likelihood

Priors



Maximum a Posteriori Estimation (MAP)

Measurement 
likelihood

Priors



Maximum a Posteriori Estimation (MAP)

Assuming independence between measurements:

Measurement 
likelihood

Priors



Optimization

Linear triangulation:

Nonlinear triangulation:


