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PART 1: Outline

• Introduction: why L∞ optimization?

• Convexity and quasi-convexity

• Examples

• Globally optimal algorithms

• Outliers and quasi-convexity



Multiple View Geometry and

Geometric Reconstruction Problems

• Given images, reconstruct: 

– Scene geometry (structure)

– Camera positions (motion)

Unknown camera

positions



High-quality night-time images

Seasonal changes, urban; Low-quality night-time images

Seasonal changes, (sub)urban

Benchmarking Long-Term Localization

Sattler, Maddern, Toft, Torii, Hammarstrand, Stenborg, Safari, Okutomi, Pollefeys, Sivic, Kahl, Pajdla

Benchmarking 6DOF Outdoor Visual Localization in Changing Conditions, CVPR 2018





Multi-view optimization methods

- Algebraic cost-functions
• Example: 8-point algorithm by Longuet-Higgins

• Example: DLT for absolute pose

+ Simple and fast

- Unstable. Cost function makes no sense.

- Minimal solvers
• Example: 5-point algorithm by Nistér

+ Fast and good for robust estimation (RANSAC)

- Only small dimensional problems



Multi-view optimization methods, cont’d

- Bundle adjustment

+ Good for refinement. ML estimate.

- Requires good initial solution.

- L∞-optimization and convex optimization

+ Computes globally optimal solutions

+ Cost function based on reprojection errors

+ Good for detecting outliers

- Bad with outliers
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Cost function:

Geometrically &

statistically meaningful

Problem formulation
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Two-view triangulation 



















1. A local minimum is also a global minimum

2. The sum of convex functions is also convex



A function is quasi-convex if all its sublevel sets are convex













Sublevel set is convex – function is quasi-convex











Bisection



and bisection.







Direction (unit) vectors from cameras (blue) to 

points (black) are given : Find the positions of 

the cameras and points.













Flexible object tracking

M. Salzman, R. Hartley, P. Fua, ICCV 2007





MATLAB Toolbox available on my homepage

See also: Pierre Moulon, PhD Thesis, 2013
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