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Long-term goal: truly autonomous robots
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Most roboticians agree a robot must autonomously
learn how the world looks like and where it Is:

SLAM
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ldeal SLAM pipeline... for a life time?
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That'’s the question

SLAM
back-end

Rational decision towards O(1)?

To use global coordinates N
Not to use global coordinates /
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SLAM In relative coordinates
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SLAM In relative coordinates
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SLAM In relative coordinates

Key for O(1): Locally consistent maps

Introduced by Gabe Sibley and colleagues:
» G. Sibley, “Relative bundle adjustment,” Department of Engineering

Science, Oxford, 2009.
» G. Sibley, C. Mei, I. Reid, and P. Newman, “Adaptive relative bundle

adjustment”, RSS 20009.
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Loop closing in relative SLAM
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Edge creation and the locally-consistent area
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A totally new problem: edge creation

The problem of edge-creation:
Given a set of observations, how many and which edges

should be created?
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A totally new problem: edge creation

The problem of edge-creation:
Given a set of observations, how many and which edges

should be created?

Optimal solution? We still don’t know
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The power of the edge creation policy

Different policies:

e The “intuitive” linear graph policy: (- RBA[G.Sibley et al.])
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The power of the edge creation policy

Different policies:

e The “intuitive” linear graph policy: (- RBA[G.Sibley et al.])

* All edges to the same keyframe: (= becomes global SLAM)
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The power of the edge creation policy

Different policies:

e The “intuitive” linear graph policy: (- RBA[G.Sibley et al.])

* All edges to the same keyframe: (= becomes global SLAM)
2
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e Something in between?
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Our proposed policy

Inspired by hierarchical submapping methods:
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Our proposed policy

Inspired by hierarchical submapping methods:

s Ot
R

Probably, the first framework that seamless integrate global and relative coordinates.
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The need for spanning trees in RBA

Observation model of
landmark include the path
from:
observer KF < base KF
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The need for spanning trees in RBA

Observation model of
landmark include the path
from:
observer KF < base KF
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- Keep STs up to a maximum topological depth D

max
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Distance: ST.DJ[r][n]

An algorithm for updating STs: basic idea
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Distance: ST.D[r][n]

An algorithm for updating STs: basic idea
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For all r and s:
Is the new path shorter?
Is a new path in range of

Dmax? ﬂ

Update the STs accordingly:
e r 2s: Go towards “n”
e s—>r: Go towards “i ”



An algorithm for updating STs: complexity

Computational complexity:

O(Nélog NR)

~--——
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An algorithm for updating STs: complexity

Computational complexity:

O(Nél(_)g NR)
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/ OVC' ——>| In practice: O(1)
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Experiments
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Experiments: (1) Monocular SLAM
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Experiments: (1) Monocular SLAM
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Experiments: (1) Overall processing time

Total: 55,000 keyframes, 4,000,000 observations, 400,000 landmarks
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Experiments: (2) 2D graph-SLAM demo
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SLAM demo

(2) 2D graph
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Conclusions
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Conclusions

e Contributions:

» Proposal of edge-creation policies as worthy of

research.

» Blended global-relative coordinates, similar to

submapping.

» O(1) algorithm for online updating of spanning trees.
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Open source release

Public C++ implementation.
Policy-based design - flexibility
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Open source release

Public C++ implementation.
Policy-based design - flexibility

typedef RbaEngine<
kf2kf_poses :: 8E3, // Parameterization KF-to—KF poses
landmarks :: Euclidean3D , // Parameterization of landmark positions
observations :: RangeBearing_.3D // Type of observations
>
my _srba_t;

SLAM and BA-like problems Relative Graph SLAM
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Open source release

Available in Ubuntu 13.04 official repository (other distros = can use PPA)

$ sudo apt-get install |ibnrpt-dev nrpt-apps
$ srba-slam --help

ubuntu® packages

» Ubunty » Packagss » rasing » soi=nce » mipt-apps

| Source: mipt | [ lucid JI precise J1 gquantal 1T raring ]

Package: mrpt-apps (1:1.0.0-1) [universé

Mobile Robot Programming Toolkit - Console and GUI |
applications Links for mrpt-apps

Other Packages Related to mrpt-apps
® depands  # recommends ® suggests |
® ibcE {==2,14) [amdB4]
Embedded GNU.C Library: Shared librasies
also s virtual padage provided by libcS-udeb
liboE (2= 2.4) [i288]

® libgool = 1:41.1)
GLCC support library

® |ibmept-bas=1.0
Maobile Robeot Programming Toolkit - base librany

More online;

g
Meobile Rebet Programming Toolkit - gui librany

”-’-ba:;FrcgrsmmingT:c-l-cit-h'.\'::lriverslihrsr} Maintainer: ht t p: //V\MNV_ m pt . Or g/ Sr ba

o mmptdnemetios ) o Ubuntu MOTU Develapers (Mail Archive)
Mnhile Rohnt Prnaramminn Trnalkit - hmtslam likean
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optimization of arbitrarily large maps

Thanks
for your
attention!

More info online:
http://ww. nrpt.org/srba




