
Robust focal length initialization

Self-calibration is casted as a non-linear optimization problem
Ø A good initialization is required

Novel hypothesize-and-verify framework searches in the space 
of focal lengths defined by 𝑓!"# and 𝑓$%&$
Kernel Density Estimator identifies the optimal initial focal length

Probability density functions estimated from KDE by searching the focal length space. 
Vanilla, Vanilla w/ Kernel Voting and Ours.

Multi-body Self-Calibration
Andrea Porfiri Dal Cin, Giacomo Boracchi, Luca Magri

Self-calibrating a camera in dynamic environments?

Self-calibration is the problem of estimating camera intrinsic parameters 
from multiple uncalibrated images.

Self-calibration methods operate under the static-scene assumption:
Ø Moving objects are treated as outliers
Ø But each motion (fundamental matrix) constrains the 

intrinsic parameters

Main contributions:
Ø A new self-calibration approach that capitalizes on rigid motions in a 

dynamic scene to better constrain self-calibration
Ø Sparse motion segmentation is revisited for self-calibration to 

compute initial bounds for the camera focal length

Motion segmentation with initial calibration

Motion segmentation revisited for self-calibration
Ø 6-point algorithm is used to estimate both fundamental matrices 

and tentative focal lengths
Ø Upper and lower limits 𝑓!"# and 𝑓$%&$ on focal length are derived 

using robust statistics

Multi-start non-linear optimization of parameters

Internal camera parameters are refined using a multi-start non-linear 
optimization scheme
Ø At each iteration, the initial point for the optimization is sampled from 

the focal length distribution to minimize chances of local minima

Conclusions

Ø Self-calibration benefits from the additional constraints derived from 
the multiple rigid motions in a dynamic scene

Ø Constraints from rigid motions can be detrimental to the accuracy 
of self-calibration if noise and outliers are not accounted for

Ø The proposed self-calibration exploits the constraints from the 
multiple motions and achieves state-of-the-art accuracy

Box plot of relative error w.r.t. ground-truth focal length estimated with the probability density 
functions. Vanilla, Vanilla w/ Kernel Voting and Ours.

Self-calibration results on real multi-body datasets. Metrics 𝑒𝑟𝑟! and 𝑒𝑟𝑟"# represent relative 
errors in percentage of the focal length and principal point estimation respectively.


