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Registration for Robotics

Kurt Konolige
Willow Garage, Stanford CS





Visual Features





2D Features - Descriptors

BRIEF Feature  [Calonder et al. 2010]
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Histogram of Gradients

SIFT  [Lowe 1999]

SURF [Bay et al. 2006]

…
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256 bits = 32 bytes

8 bins * 4 bytes * 16 

cells = 256 bytes

Works suprisingly well except for:
- scale
- image rotation 

ORB Feature  [Rublee et al. ICCV 2011]







ms per frame (2000 features, 640x480):

SIFT:    5228ms    [1999]

SURF:    217ms    [2006]

ORB         19ms    [2011]



Planar Homography
[images from Ethan Rublee]
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Bundle Adjustment [Nicola Fioraio, Boris Lau]
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Bundle Adjustment [Nicola Fioraio, Boris Lau]
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Photo tourism [Snavely, Seitz, Szeliski 2006]

Large nonlinear estimation problem: Bundle Adjustment

Thousands of camera poses, millions of points



Hauke Strasdat et al., ICCV 2011
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[Pradeep et al. ISER 2010]







Javier Romero, KTH
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Max Likelihood

Product to log sum

Gaussian



Sparse Bundle Adjustment

Error Equation

Normal Equation

Jacobians
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Lourakis and Argyros [TR 2004]
Konolige [BMVC 2010]
Jeong et al. [CVPR 2010]
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2,010,363 vars, 2,857,277 constraints



849 camera poses, 668,140 points



[Gutmann and Konolige CIRA 1999]



g2o: A General Framework for Graph Optimization
Kummerle, Grisetti, Strasdat, Konolige, Burgard [ICRA 2011]
Open Source!



Ok, now you can:

- Calibrate your robot
- Keep track of the 3D environment around the robot
- Buld a map and navigate around a building
- Model and find objects
- Pick them up…


