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RoboCup and RoboCupRescue

RoboCup Soccer /1

b*—.._

Figure: Humanoid league Figure: Four legged league

Leagues: Mid size, Small size, Four legged, Humanoid (eirdgr
sizes), Simulation (2D/3D)
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RoboCup and RoboCupRescue

RoboCup Soccer /2

I Thousands of hours are wasted each year by programming
robots that play soccer.

I Can't we do something for the good of humanity?
I Yes! Let's inventRoboCupRescud
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RoboCup and RoboCupRescue

RoboCup Soccer /3

Figure: Swiss rescue dog 1.0

Figure: Swiss rescue dog 2.0

...and save the life of these dogs!

Johannes Pellenz { Mapping and Map Scoring at the RoboCupResue Competition Slide 5



RoboCup and RoboCupRescue

RoboCupRescue: Simulation leagues /1

I Agent Simulation ! V?rtual I"\TObO'[S |
I Whole city I Single disaster site

I Fire brigades, ambulances ' Physical simulation

I Focus on strategy ! Egg?dsin(;r:ior?]unsliza/?t
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RoboCup and RoboCupRescue

RoboCupRescue: Robot leagues /2

RoboCupRescue Junior
Arena: Table-size
"Lego-size" robots

Focus on reactive behaviors

RoboCupRescue Robot
Arena size: about 20 20 m
Real robots of all shapes
Mobility, Autonomy, SLAM, HRI
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RoboCup and RoboCupRescue

RoboCupRescue: Arena /1

Task: Let the robots nd victims and map the disaster site
(20 min)



RoboCup and RoboCupRescue

RoboCupRescue: Arena /2

Orange/Red Arena Yellow Arena

I for autonomous robots
I random maze, ramps (10

I focus on autonomy (victim
I focus on mobility, HRI detection, SLAM)
Al’ena developed and bUIlt by NIS(-lll—S National Institute of Standards and Technology)

I for remote controlled robots
| step elds, stairs, steep ramps



RoboCup and RoboCupRescue

RoboCupRescue: Arena /3

Mapping challenges
I Competition environment

I No at ground
I Paper on the oor:

I slippage
I screwed paper

Advantage of standardized tests
I Arena can be copied
I Standardized arena elements
I Standardized tests methods

Johannes Pellenz { Mapping and Map Scoring at the RoboCupResue Competition Slide 10



RoboCup and RoboCupRescue

RoboCupRescue: Arena /4
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RoboCup and RoboCupRescue

RoboCupRescue: Arena /5
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RoboCup and RoboCupRescue

RoboCupRescue: Arena /6
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RoboCup and RoboCupRescue

RoboCupRescue: Arena /7
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RoboCup and RoboCupRescue

RoboCupRescue: People...

Figure: somewhere in Germany. .. Figure: Team Robbie 8
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Localization and Mapping
©0000

SLAM

Hokuyo URG-04LX /1

Figure: URG-04LX Figure: mounted scanner
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Localization and Mapping
0000

SLAM

Hokuyo URG-04LX /2

Speci cation
I Field of view (FOV):240

I Range:20 - 4000 mm (now: 5600
mm)

I Angle resolution:682 Points (0.352)
I Distance resolution:l mm

I Noise: max. 1%

I Scan time:100 ms

Figure: Laser scan
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Localization and Mapping
0000

SLAM

Data structure: Occupancy grid [Elfes 1989]

"Stamp” laser scan into map:

I Mark the location of the
robot as free

I Mark way of the laser
beam as free (Bresenham)

I Mark the end of the laser
beam as occupied

Current map settings:

1 pixel =5 5cn?

40 m 40 m size
Figure: Sample grid
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Localization and Mapping
000®0

SLAM

Particles
Pose hypotheses represented as particles

Figure: Detail
Figure: Overview
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Localization and Mapping
[eleYele] ]

SLAM

Condensation algorithm [Isard/Blake 1998]
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Localization and Mapping
®0

Active LRF Adjustment

Active LRF Adjustment /1

I Uneven oors, but
straight walls
I LRF provides range scans:

I Longer than expected
I No answer at all
I Spurious walls (\ramp

wall

| scans")
.4. m Idea: Use a gra\_/ity sensor
and a pan/tilt unit
Figure: LRF on uneven oors
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Localization and Mapping
oe

Active LRF Adjustment

Active LRF Adjustment /2

I Cheap gravity sensor
works ne (ADXL202JE)

I Adjusted scans help a lot
for localization and
mapping

I Extra benet 1: arti cial
horizon in the GUI

I Extra benet 2:
emergency stop in
step elds

Figure: LRF on a pant/tilt unit
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Localization and Mapping
€000

Exploration Transform

Exploration Transform /1

Exploration Transform

I A close frontier is
extracted: Frontier based
exploration [Yamauchi 97]

I Way to this frontier
directly given: Path
transform [Zelinsky 94]

Details of the \Exploration
Transform": See SSRR2007: Wirth,
Pellenz: Exploration Transform: A
stable exploring algorithm for robots
in rescue environments

Johannes Pellenz { Mapping and Map Scoring at the RoboCupResue Competition Slide 23



Localization and Mapping
fo] Yolo)

Exploration Transform

Exploration Transform /2

0 0 11
X
( ¢)= min @min @(C)+ Cdanger(G)AA (1)
cg2F c2 I 62C

with F the set of all frontier cells, Eg the set of all paths front to
Cq, 1(C) the length of the pathC, Cyanger(Ci) the cost function for
the "discomfort\ of entering cellc;, and a weighting factor 0.
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Localization and Mapping
fole] To)

Exploration Transform

Exploration Transform /3

Figure: Brave and not-so-brave robot
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Localization and Mapping
ocooe

Exploration Transform

Results
RoboCup German Open 2008

Figure: Autonomously explored Yellow arena (and parts of the @Home
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Map evaluation
°

General Map Scoring

Scoring

Figure: Map with victim locations Figure: Victim.

50 points per victim. 10 points for map quality, 10 points for
correct location. But how score the points?
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Map evaluation
©0000

Map Scoring during RoboCup 2007

2007: Ground truth map

Ground truth map (and robot location).



Map evaluation
lo] Jolele}

Map Scoring during RoboCup 2007

2007: Map scoring "datastructure"
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Map evaluation
foJe] Yele}

Map Scoring during RoboCup 2007

2007: Map scoring "algorithm"

. Visual judgment.
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Map evaluation

Map Scoring during RoboCup 2007 cooee
2007: Dierent maps /1
Figure: Map of Team A. Figure: Map of Team B.
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Map evaluation
0000®

Map Scoring during RoboCup 2007

2007: Di erent maps /2

Figure: Map of Team C.
Figure: Map of Team D.
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Map evaluation
®0

Map Scoring during RoboCup 2008

2008: GeoTIFF /1

GeoTIFF

I TIFF image format with special
tags:
I scale, georeferenced

I makes it easy to overlay ground
truth (GT) and generated map

I Tool for map comparsion:
Jacobs Map Analysis Toolkit
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Map evaluation
oe

Map Scoring during RoboCup 2008

2008: GeoTIFF /2

movie of theJacobs Map Analysis Toolkit



Map evaluation
©000000000

Future Map Scoring

on the way: Jacobs Map Analysis Toolkit /1

Includesimage similarity function ( a;a% (Varsadan,
P ngsthorn 2008)
I Input: Two imagesa and a°
I Output: 'Average distance that each pixel has to "travel\ to
reach a matching pixel in the other image and vice versa'

(aa)= X (aalc)+ (aSac) 2)
c2C
where p
alpa)= e MIN(Md(pe; p2)jadpz] = c)
#c(a)
(C: all colors,c particular color,a[p] the color in imagea at

positionp, md(pz; p2) the Manhattan (block) distance op; and
p2, # (@) the # of pixels with color a.)
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Map evaluation
0®00000000

Future Map Scoring

on the way: Jacobs Map Analysis Toolkit /2

Drawbacks (version of May 2008):
I Maps have to be aligned manually
I The closest point is used for the distance calculation

I Distance measure e ciently implemented only for the
Manhattan (block) distance
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Map evaluation
00®0000000

Future Map Scoring

Proposed method for map comparsion /1

I Euclidean distanceés more natural distance measure (and can
be implemented e ciently)

I Automatic map alignmentusing ICP (Iterative Closest Point)
. gets rid of (human based) alignment errors

I More complex featureshan just points should be used for the
distance calculation
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Map evaluation
000®000000

Future Map Scoring

Proposed method for map comparsion /2:

Euclidean distance
Euclidean distance
I Gives for each cell the Euclidea
distance to the next obstacle
cell (of the GT map)

I Trick: Store for each cell the
distanceand the coordinateof
the closest obstacle cell

I Use this information:

1 for the e cient calculation of
the Euclidean distances

1 for the e cient calculation of
the map distances

1 for the ICP algorithm
(correspondences)

Johannes Pellenz { Mapping and Map Scoring at the RoboCupResue Competition Slide 38



Map evaluation
0000800000

Future Map Scoring

Proposed method for map comparsion /3:
Automatic map alignment

I ICP using the pre-calculated coordinates to determiRendt
I No human alignment error

I Right now: only ridgid transform with rotation and transliain
(planned: warping)
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Map evaluation
00000@0000

Future Map Scoring

Proposed method for map comparsion /4:
More complex features

Figure: Green pixels are mapped onto red pixels

Problems with the simple feature association (closest ppoin
I Match might be totally wrong
I Multiple use of "target points"
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Map evaluation
0000008000

Future Map Scoring

Proposed method for map comparsion /5:
More complex features

Extract features (e.g. rooms, SURF)

Match the features of both maps

Register the maps automatically using all features
Remaining distance + distance of matched features: Error of
the generated map
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Map evaluation
0000000800

Future Map Scoring

Proposed method for map comparsion /6:
More complex features

(@) (b) (©

(d) (e) ®
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Map evaluation
0000000080

Future Map Scoring

Proposed method for map comparsion /7:
More complex features

X R

argmin wi(ip(f)  (Rp(g) + 12+ d(fi;g)) (@)
RtW =1 j=1

whereN; and Ng: number of features (GT and generated map),
fi and g;: features (in the GT and generated map),
p(fi) and p(g;): location of the feature,
W: matrix wherew is 1 iff; is associated witly;,
d(fi; g;): dierence of the features; andg;,
. weighting factor.
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Map evaluation
000000000e

Future Map Scoring

Open issues and future work

I Which complex features are appropriate?

| Stable extraction of rooms

I Broken maps

I Warping instead of the rigid transformation
I Evaluation of the evaluation???
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Conclusion

Conclusion

I RoboCupRescue is a perfect playground for autonomously
exploring robots

I Great for teaching

I Particle Iter based SLAM works well (online on the robot)
I Exploration Transformgenerates nice exploration behavior
I Up to now: Map scoring by visual judgment

I This year: GeoTIFF and simple per pixel-metric

I Future: Automatic registration, Higher level features ge.
rooms)
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Conclusion

My dream for 2009
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Conclusion

My dream for 2009
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Conclusion

Thank you.
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