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SLAM what is it?

Formulation:

SLAM is a process by which a mobile robot can build a map of
an environment and at the same time use this map to deduce its
locations. In SLAM, both the trajectory of the platform and the
location of all landmarks are estimated online without the need
for any a priori knowledge of location.

(Hugh Durrant-Whyte & tim Bailey)
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Characteristics of the solutions

What does it mean for rescue environments?

Lets take a closer look at the solutions !
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Carmen

Player/Stage
CAS-Toolbox
MRPT
DP-SLAM
GMapping
AND
GridSLAM

Data repositories
Pkg. of T.Bailey

(carmen lodfiles,
CEKF-SLAM

Rawlog Format
TJTF for SLAM

TORO
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Some definitions

X, the state vector describing the location and
orientation of the vehicle

u,. the control vector, applied at time k 1 to drive the
vehicle to a state x, at time k

m.: a vector describing the location of the ith landmark
whose true location Is assumed time invariant

Z, . an observation taken from the vehicle of the
location of the ith landmark at time k. When there are
multiple landmark observations at any one time or
when the specific landmark is not relevant to the
discussion, the observation will be written simply as z,
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SETS:

nnnnnnnnn

{x0, x1, , XK} = {Xqy.k 1+ X, }: the history
ovaehche Iocatlons

={Uy, Uy, - -+, U} ={Uqy 1 U} the history
o contro Inputs

m = {ml,mz, .-+, m_} the set of all landmarks

k} {Zo K1 k} the set of all
Iandma ]k 0 servatlons




Distribution / Models

Probability distribution: P(x,,m|Z5:K,Uq:K, X;)
P(X,1 .m|Zyk1l ,Uykl)attimek 1
Observation model: P(z,|x,,m)

Motion model: P(X,|X, 1 , U}).
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SLAM
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Two key computational solutions to the SLAM problem.
a) extended Kalman filter
b) Rao-Blackwellized particle filters (FastSLAM)

SLAM, in its native form, scales quadratically with the number of
landmarks in a map (-> Submap method)

Incorrect association can lead to catastrophic failure of the
SLAM algorithm.

Loop-closure problem.

Large-scale implementation problem.

New: Trajectory estimation rather than landmark estimation
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Motivation

Rescue environments

Data source should be 3D e.g. mostly 3D laser range finder
Position should be 6D (X, Yy, z, roll, pitch, yaw)

SLAM should be S(P)LAM and also dealing with navigation
(simultaneous planning, localization and mapping)

A few groups aim to gage
environments with 3D sensors and
autonomous mobile robots.

(Workshop on 3D-Mapping, IROS 2008 Friday,
September 26 (Pfaff / Burgard)
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Motivation / Characteristics of current approaches

Laser scanner are the state of the art sensors for metrical
environment mapping.

Data source is 2D e.g. mostly 2D laser range finder but for
Rescue 3D Sensor are a must.

Robotic mapping based on scan matching (Lu/Milios, 1997)

Position is 3DoF (X, y, yaw) but has to be 6 DoF (x, vy, z, yaw,
pitch, role)

Probabillistic approaches are computational expensive
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The New SLAM Star: Trajectory-Oriented SLAM ?

Traditional: x, = [xT,, ,mT]T

If the direct alignment of sensor data is simpler or
more reliable than an alternative formulation of the
SLAM problem is to estimate the vehicle trajectory:

Xk: [XTvk 1 XTvkl’ "t XTvl]T
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3D - Sensors

3D Kameras
Stereo Kameras

3D Laserscanner

Characteristics:

Price, speed, range ...
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Example
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* Based on a regular (e.g., SICK LMS-200) laser scanner
* Relatively cheap sensor
* Controlled pitch motion (120°v) or rotating (360° )

* Various resolutions and modi, e.g., reflectance measurement
{181, 361, 721} [n] x {128, ..., 500} [v] points

* Fast measurement, e.g., 3.4 sec (181x256 points)

Mounted on mobile
robots

for 3D collision
avoidance

and building 3D maps.
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When it starts

ISR 2001 Our first paper about 3D scanner for mobile robots
(Thrun 2000 come out with 2 x 2D scanners rotate 90 degrees)
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OpenGL view of a 3D scan (basic classification)

H. Surmann
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Why it starts

H. Surmann
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And it works ...

H. Surmann
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Scan Matching (Registration)
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The ICP Algorithm p—

Scan registration  Put two independent scans
Into one frame of reference

Iterative Closest Point algorithm [Besl/McKay 1992]

For prior point set M (“model set”) and data set D
1. Select point correspondences w;; in {0,1}
2. lteratively minimize for rotation R, translation t

e gquaternion-based calculation of rotation
e works in 3 translation plus 3 rotation dimensions

Our on-line on-board version of ICP:
* reduced point sets, representation in kD-trees
* registers two scans (181x256 pts) in <1.4 sec (P-111-800, 2004)
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2004 Rescue is coming (at RoboCup in Lisbon)
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2003 Mapping is working, smaller robots are coming
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Kurt3D — High Speed Driving, -

6D SLAM and Semantic Mapping

Matthias Hennig Kal Pervolz

Ariadne

Kali Andreas Joachim Hartmut
Lingemann Nlchter  Hertzberg  gyrmann
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Problem
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6D SLAM with Approximate Data Association (ICRA 200 4)
A. Nlchter, K. Lingemann, J. Hertzberg H. Surmann

Problem computational expensive -> cached kd-trees
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Hayai: Lingemann et. al. High-Speed Laser Localizatio n for

Mobite Robots (RAAS 2005 ————————————————————————==
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6D SLAM — Closing the Loop in Six Dimensions

H. Surmann
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[Surmann et al, IAV-2004]



Outdoor only (larger environment, 2004)

H. Surmann
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Interpreting Maps by L abeling Objects

Attention Classification

Reflexion Image Reflexion Image

Attentlon Detected

Focus chalr

Depth Image Depth Image
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A Learned Cascade of Classifiers

* Learn objects directly from 3D scans

* Simple, efficiently computable features
[Viola and Jones 01]

* Learn the combination of these features using
Ada-Boost [Freund and Shaphire 96]

* Objects at different scales are detected by rescaling the classifier.
* Finally use a cascade to lower the false detection rate!
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Error Distribution:
* Equal distribution (middle)
* Local refinement (right)

Complete Point Model
View from top, and two details
as viewed from scanner height.
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Problem: Loop Closing

Using Laser Range Data for D SLAM in Outdoor Environments
David M. Cole and Paul M. Newman, ICRA 2006
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Octrees (Performance optimization, reduced points)
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Basic classification: Problem data association, loo p closing

Surmann
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2006 RoboCup Rescue outside event
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Problem: Loop Closing

Outdoor SLAM using Visual Appearance and Laser
Ranging, P.. Newman, D. Cole and K. Ho (2006)
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Mapping with the swissranger

Fast 25 hz

Small opening
angle (309

Light depending

Expensive
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Map gquality improvment

H. Surmann

Graph network approaches:

F. Lu and E. Milios. Globally
Consistent Range Scan Alignment for
Environment Mapping 1997

D. Borrman et.al. The Efficient
Extension of Globally Consistent Scan
Matching to 6 DoF 3DPVT 2008),

TORO - Tree-based netwORk
Optimizer (openslam) Olson et al.
presented a novel approach to solve
the graph-based SLAM problem by
applying stochastic gradient descent
to minimize the error introduced by
constraints. TORO is an extension of
Olson's algorithm.
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Oliver Wulf et. al. Benchmarking Urban Six-Degree-of - .
Freedom Simultaneous Localization and Mapping. JFR 2008.

Surmann
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Oliver Wulf et. al. Benchmarking Urban Six-Degree-of - I
Freedom Simultaneous Localization and Mapping. JFR 2008.

Large scale mapping, data assosiation problem while closing the loop
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Continuous 3D Sensing for Navigation and SLAM in Cluttered and
Dynamic Environments, D Holz, C Lorken, H. Surmann

Problem: Dynamics, Computational costs

Virtual 2D Scan MIN/MAX following Wulf et. al.
-> |ocalization / mapping (e.g. ICP)
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Continuous moving

H. Surmann
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Further important contributions

P. Pfaff, R. Triebel, C. Stachniss, P. Lamon, W. Burgard, and R. Siegwart. Towards
Mapping of Cities. In Proceedings of the IEEE Internation Conference on Robotics
and Automation (ICRA '07), Rome, Italy, April 2007.

U. Frese. Efficient 6-DOF SLAM with Treemap as a Generic Backend. In Proceedings
of the IEEE Internation Conference on Robotics and Automation (ICRA '07), Rome,

Italy, April 2007.
Maybe: ?

A Low-Cost Laser Distance Sensor  Kurt Konolige, Joseph Augenbraun, Nick
Donaldson, Charles Fiebig, and Pankaj Shah (Hardware 30 $)
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Conclusion

Key components for Rescue are
* 3D Sensors

—SLAM,
—Navigation and
—Planning

« Workshop on 3D-Mapping, IROS 2008, Sep. 26 (P. Pfaff, and
W. Burgard)
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Conclusion
Take home messages:

A lot of work remains to be done e.qg.
- Cheap and reliable 3D sensors
- Robust and universal algorithms, easy to integrate

- Map enrichment (Textures, Semantics)
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Combining aerial and ground data
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Ongoing Work: Matching Texture to Geometry

H. Surmann

[Pervolz et al, Robotik-2004]
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