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What is Rawseeds ?

®" EU Funded Project in the VI-FP = - );
© 1t November 2006 to 31 July 2009

€=

Rawseeds is a Specific Support Action funded under
the European Unlon's Sixth Framework Programme (FPG)

= A Specific Support Action to collect and publish a
benchmarking toolkit for (S)LAM research
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What Does Rawseeds Provide?

Multi Sensor Data Streams for SLAM Benchmarking
o Laser, Cameras, IMU, Odometry, Sonars, Ground Truth

Benchmark Problems (BPs) aim at testing algorithms:
© Include detailed description of the task

©  Multi-sensor Data Set related to the task

©  Evaluation Methodology and Tools including Ground Truth

Benchmark Solutions (BSs) extend BPs with:

©  Description of the algorithm for solving the BP and possible |mplementat|on

(src or binary) .\:ix 7%
o Algorithm output on the BP dataset S 0
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Rawseeds Sensor Suite

Use of an extensive sensing suite

©  B/W + Color cameras (monocular)

©  Stereo cameras (SVS by Videre)

©  LRFs (SICK 2D & Hokuyo)

©  Omnidirectional camera (V-Stone)

©  Sonar belt

©  Other proprioceptives (e.g., odometry,

Inertial Measurement Unit) » | v
RTK-GPS (Outdoor GT) and Visual/Laser (IndoC)rﬂvGT)
Sensors are synchronized, and verified for ,f SR
synchronization and data quality ,'}33\:\ 3



Sensors and sensor frame
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Design of the Datasets

Define relevant scenarios beforehand

© Indoor scenarios with offices, halls, corridors, flat and non-flat
walls, doors & passages, windows, horizontal floors, ramps,
stairs, elevators, and several pieces of furniture

©  Qutdoor scenarios where the robot moves in the open between
buildings and the obstacles are comparable with those found
along urban roads

©  Mixed scenarios parts of the robot trajectory is surrounded by
walls and/or roof and parts are located in the open 1y,
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Different acquisition setups EZN S

©  Static and dynamic environments (i.e:, people. Wallgng afound)
©  Different lighting conditions (i.e., natural daylrght &,arhﬁclaﬂjght)



Indoor Locations in Bicocca




Outdoor and Mixed Locations in Ba




11 Datasets Collected & Validated

i
Many different scenarios: iﬂjﬁm{@ﬁfﬁ :
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o 1 static lamps SEE Tﬁﬁqmnrﬁjﬁll.a
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Ground Truth Setup

" GT Collection Systems

© Qutdoor: RTK (Real Time
Kinematic) GPS

© Indoor: vision-based (G T-vision)
and LRF-based (GT-/aser)
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Problems and Solutions

BPs are the union of:
© The description of a specific task
© A dataset, as the input for the execution of the task

© A set of rating methodologies (metrics), for the evaluation of the
results of the task execution

BSs are ready to use solutions for BPs
© Laser Based (Scan-matching, RBPF, Graph-based SLAM)
© Vision Based (Monocular SLAM, Stereo SLAM, Trlnocukar SLAM)
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User supplied solutions are foreseen through Rawseeds
website (www.rawseeds.org) 5 AN N
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How does a BP look like?

Benchmark Problem "Monocular SLAM - Bicocca_2009-02-25b"

Creator: GF
Labeele: first batch, artdficial Hakt, statdc, imdoor, SLAM

Perform 2 map building activity with SLAM {online], using the sensor data files provided below. Such files come from the Bicocca_2009-02-25b data-collection session;
they include output and calibration information associated to front color camera, IMU, odometry, and the ground truth for the specified session.
Please note that the Bicocca 2009-02-23b session also includes other data files, not used for this Benchmark Prablem.

This BP belongs to the very first batch of problems published by Rawseeds; other BPs will follow.

Attached Files
»  Mathah soripts and data to amomatially compute some of the evahation metris, given the trajectory data output by a SLAM algorithm. Indodes an extended ground truth eovering the whole path of the robot, obtained by manmal
san matching performed on the data from onboard LEFs {indoor datasets only). - _Bawseeds Metries Computation Toolkt
= Set #04 of sensor positions on the robot - _SensorPositions_ (-4.1ar.tomment
= SBet 20 of file formats - _FileFormats 04 tar torrent

= CAD drawings of the Bioooe location - _Drawings 02 chf b torrent

»  Results of Calibration 0. - _Calibration _(<-Resuls tar toment

«  Images from the front amera mwed for Calibration 04. Checkerboard has wmm x wmm squares. - _Calibration_ 04-1sed _for_abbration-FRINTAL tar boed torment

= Set of images generated by the front mmeTa from which the images used for Calibration 04 have been selected. Chedkerboard has wimm x wdimmm squares. - _Calibration_04-All_images-FRONTAL tar o torment

»  Gromd truth (trajectory data)) - Bicoom kr0c-2sh-GROUTNDTRUTH. oov b tomment

«  Front mmera: data - Bieoom_ idhg-0a-25h-FRONTAL far torment

+ IMU: data - Biooo_200g-02-250-IMU_STRETCHED oo b2 tarrent

« St of list files assocated to video streams. Far sach mmera it indndes: - 2 v file with the timestampes of all the frames in the data stream; - 2 Jst file with the filenames of all the frames in the data stream. - Bionor 0k
25b-LISTS tar torment

»  Odometry: data - Biooom_ dhg-02-25-0MWMETRY X T o o torrent

» Lt of corner positions for the Biooom lomtion {extracted from the exeontive dawings) - _Biosom-Cormers tar torment

Evaluation Methodologies
The provided solutions will be evahated and sooned with respect to the following evahation methodologies:

»  ATE compares the trajectory of a robot, as reconstrocted by an algorithm wsing real sensor data as its input, to the acinal trajedory {gromd truth). ATE & a mandatory performance measure. Please __ - Alsohiie Trajedbory Emmor

= ME compares the map of an environment, as reconstructed by an algorithm using real sensor data as its input, to the acdual map of the lomtion {ground truthj. ME & a recommended performance measure. - Mapping Ennor

»  RPE measures the acomacy of a SLAM result, as reconstrocted by an algorithm using real sensor data as its input, by comparing the reconstrocted relative transformations between nearhy poses to the ac_ - Reltive Pose Emmor

«  BEC provides a hasic estimate of how the mmning time of an algorithm: (which uses real sensor data as its input ) scales as the quantity of data availahle to be processed increases. BEC & a mandatory_ - Bough Estimate of
Complexity

«  SLE aims ta evalate the overall quality of a SLAM algarithm by actmally nsing its output in a realistic apphication. The SLAM algorithm, fed with real sensor data from a robot, & meed to build 2 map.. - Seif Lommtion Ennor
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Who knows about it?

Visitors Overview Sep 1, 2009 - Apr 5, 2011

~ Visitors nlfl =

Fo0 Saturday, April 24, 2010 |
Visitors: 650

Oct2a Dec 12 Febo
4,447 people visited this site
1 8,364 visits Visitor Segmentation
._I___._ 4’447 Absolute Unique Visitors Visitors Proflle: languages, network locations, user defined
bl 41,114 Pageviews R honbfarmlomni i acsmpiin o

Flash

Haasadd 4.92 Average Pageviews

@ Map Overlay
|| 1 i I 00.03.54 Time on Site Geolocation visualization
AN  49.45% Bounce Rate

= Try Google Ad Planner.

- =_I arats a da 5 = = ahaviors 1 wehsta's visr 2
M 51 .72% New Visits Understand the demographics and behaviors of your website's visitors.




Who knows about it?

Map Overlay

Visits

United States

Visits

1 | | EE

723 visits came from 35 countries/territories

Apr 23, 2010 - Apr 25, 2010



Who knows about it?

C‘.:f::untryr!'l'erritu::crg,ur Detail: Apr 23, 2010 - Apr 25, 2010
United States
] Visits

Q Zoom Out

California
%
Visits
1 | | | B

This country/territory sent 504 visits via 49 regions




Who knows about it?

Esail;ifaai:'ﬁaDetail: Apr 23, 2010 - Apr 25, 2010
Visits
& Zoom Out I
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This state sent 59 visits via 38 cities




Who knows

about it?

Visitors Overview

~ Visitors

il il
,‘ Maonday, April 26, 2010
Ly Visitors: 5

un 27 Jul 28

1,571 people visited this site

uhAhaudy 3,642 visits
Wadiualy 1,571 Absolute Unique Visitors
bl lbauld 17,028 Pageviews

wlitesnunasled 4.68 Average Pageviews
dasidiua 00:03:51 Time on Site

Wi 48.98% Bounce Rate
oty 40.75% New Visits

A

h 28

Sep 2%

Apr 25, 2010 - Apr 5, 2011

B==

Jot 29 Naow 2 Sy ] Jan 30 Mar

Visitor Segmentation

!.':i! Visitors Proflle: languages, network locations, user defined

Iil Browser Profile: browsers, operating systems, browser and
operating systems, screen colors, screen resolutions, java support,
Flash

@ Map Overlay

Geolocation visualization

= Try Google Ad Planner.
= Understand the demographics and behaviors of your website's visitors.




Who knows about it?

Map Overlay Apr 25, 2010 - Apr 5, 2011
Visit
N U N s

Uganda




Who knows about it?

Continent Detail: Apr 25, 2010 - Apr 5, 2011

Europe

Visits

Q Zoom Qut

Eastern Europe
Visits: 102

N

Visits

102 | | | EEW

This continent sent 1,739 visits via 4 sub continent regions



Do people interact with us?

Through the forum

©  Only 2 registered users and no real community

Directly by mail
©  So far 25 email thread with unique users
©  Asking for clarification or point out issues (web site)

Continuously monitoring ‘l,

©  Seeder down at the beginning of February 2011 w ;
© 6 users emailed us about it in less than 3 weeks." : *»\\S
© 1 user asked urgently for a file to complete hrs p}ap?er 5 x«i\‘; L5



Filename
FileFormats_01 tar

Calibration_04-Results.tar
Calibration_02-Results.tar
SensorPositions_04.tar
Bicocca_2009-02-25b-GROUNDTRUTH. csv.bz2
Drawings_02.dxfbz2
Bicocca_2009-02-26a-GROUNDTRUTH csv.bz2
Bicocca_2009-02-25b-0DOMETRY _XYT.csv.bz2
SensorPositions_02 tar
Bicocca-Corners.tar
Bicocca_2009-02-26a-0DOMETRY_XYT.csv.bz2
Bovisa_2008-10-04-GP5S.csv.bz2
Bicocca_2009-02-26a-LISTS.tar
Drawings_01.dxf.bz2
Bicocca_2009-02-26a-FRONTAL tar
Bicocca_2009-02-25b-FROMTAL tar
Bicocca_2009-02-26a-IMU_STRETCHED csv.bz2
Bicocca_2009-02-25b-IMU_STRETCHED .csv.hz2
Bovisa_2008-10-04-FRONTAL tar
Bicocca_2009-02-25b-SVS_L tar
Bicocca_2009-02-25b-SICK_FRONT.csv.bz2
Bovisa_2008-10-04-0DOMETRY_XYT.csv.bz2
Bicocca_2009-02-26a-SICK_FRONT.csv.bz2
Bicocca_2009-02-25b-SVS_R.tar
Bicocca_2009-02-27a-GROUNDTRUTH . csv.bz2
Bovisa_2008-10-06-GP5.csv.bz2
Bicocca_2009-02-25b-LISTS tar
Bovisa_2008-10-04-IMU_STRETCHED.csv.bz2
Bovisa_2008-10-06-0DOMETRY _XYT.csv.bz2
Bovisa_2008-10-07-GPS.csv.bz2
Calibration_02-Used_for_calibration-FRONTAL .tar.bz2
Calibration_04-Used_for_calibration-FRONTAL tar.bz2
Bicocca_2009-02-25b-SW5S_T.tar
Bovisa_2008-10-06-FRONTAL tar

Bovisa_2008-10-04-LISTS tar

URL
lassetsitorrents/bbdcb7a9d3d7639ef62a37803682847d24983cebd torrent

lassetsitorrents/eea5557dbfeeadbbcdf0d91568799362a407993 torrent

lassetsftorrents/c0c789aa5aa3051142913c411b1342844bch477d torrent

lassetsitorrents/328d32fb8258e989ecdbbe76d558136481f52619d torrent

lassetsitorrents/c163e0b15f507712e1eb00598ffc70ccebalchye torrent

lassetstorrents/a6db28d4d372cbaddGalbclEfdbacaibi2ldad 23 torrent

lassetsitorents/31f70bf6aa2c0259a7496f0cd3b3566295edckc3 torrent

lassetsftorrents/fbbB67 11901646098 14bfe680918dcE4703a035 torrent

lassetsitorrents/b4f24c5d765d4fdab 791637 TalcfcObfc91bfd37 torrent

lassetsitorrents/16bdfE9118d4cee20272f3e89bbcd59d7cOch 77 aa.torrent

lassetsitorents/8597e9017803bc5bB13778318a66175171315961 torrent

lassetsitorrents/363957ea56063c63595chedb4eddad951567E32c9 orrent

lassetsitorrents/ffdca®b345ea3dfl48e0d6c80bec78d27c87315cc torrent

lassetsftorrents/344f9858b4b2f55561e4656a%ad29e1befl3298a torrent

lassetsitorrents/5a347702fb6al90a%ed5bal 2588950dfcad8b4c89 torrent

lassetsitorrents/2d1e6586c741687b4066de3568b4adffoa0219df45 torrent

lassetsitorrents/f553dB628745324e0lcdaeet0T245fa7aebeb2ch torrent

lassetsiftorrentsf7bc398b69accc3abd4 2d08c6343d53b02ebf2eb o tarrent

lassetsftorrents/0e49964248bc311b903f45cfeb3dfad194034a6a.torrent

lassetsitorrents/f89435d02c01beb873b3f3687cb3fac307d9ca7b69 torrent

lassetsitorrents/23887afel13f9233cald2f419cf7e5841d7954dE82 torrent

lassetsitorrents/3d2aldld4a0dfcfl 7cd79d6df0a76a8d9fbee 767 torrent

lassetsftorrents/6f0eaat07986f3c40252124d0513a5d0bf4dbSdb.torrent

lassets/torrents/55180c66334200ccfB47f7b7349d9e04eb903425 torrent

lassetsitorrents/4c285e91c420312f07d92b1fa%a97echfdcefceb torrent

lassetsitorrents/329f7bafdd5421e7e2e579e92d96d40fd07e5344 torrent

lassetstorrents/fdc9e4f6lebdbd6E28b9f345d531953a43759f3b torrent

lassetsftorrents/4 7f4cbd99cbc25a6c814718386ac94635f3a94 2e torrent

lassetsitorrents/690014374563d7abda%a4fcb72fe3che 8667130 torrent

lassetsitorrents/2195f8cBd7ebatldd49abicb2detet3265dbecd 19 torrent

lassetsitorrents/53%edBe72ec2cadfi439cad T3e3cbdBd3b26fe92 torrent

lassets/itorrents/867943a32c126c66b43a0aab36dbE165291b03d5 torrent

lassetsitorrents/lcabe00a08bat639a359538f1 7bad46bch06eedt torrent

lassetsftorrents/c7Tebl376b7dbl244ffdbb489baeb2cfBE65674818 torrent

lassets/torrents/b5d0d337936e634d5e08ef2ebdafcEcl0dec31086 torrent

Date
2009-05-28 10:50:13

2009-06-23 11:09:03

2009-06-23 11:04:50

2009-05-28 10:50:55

2009-05-12 17:19:41

2009-05-28 10:49:59

2009-05-14 19:06:16

2009-05-12 17:21:00

2009-05-28 10:50:37

2009-06-10 12:24:39

2009-05-14 19:07:19

2009-05-18 15:30:41

2009-05-14 19:07:12

2009-05-28 10:49:47

2009-05-14 19:06:06

2009-05-12 17:16:24

2009-05-14 19:07:05

2009-05-12 17:20:43

2009-05-18 15:30:32

2009-05-12 17:21:54

2009-05-12 17:21:30

2009-05-18 15:31:25

2009-05-14 19:07.57

2008-05-12 17:22:01

2009-05-1511:07:45

2009-05-18 12:26:30

2009-05-12 17:20:52

2009-05-18 15:31:01

2009-05-18 12:27:27

2009-05-18 15:49:32

2009-06-23 11:03:37

2009-06-23 11:07:45

2009-05-12 17:22:08

2009-05-18 12:24:52

2009-05-18 15:31:07

Comment | Downloaded a

119

71

66

61

50

44

43

43

41

39

38

ar

34

34

33

33

33
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32

31
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Do people actually use it?

= Citations for “rawseeds” on scholar.google.com (05/04/11)
© 80 papers and project deliverables refer to it
© 41 actually funded by the project
© 39 brand new papers/deliverables

= Of the brand new papers/deliverables
o 22 just mention the project
© 13 use the data
© 4 discuss approach/results

= A couple of notes
O 2 papers with media footage
©  None submitted a BS




Do people actually use it?

We report here on the performance
of several implementations of the main class of localization algorithms that use a
laser, Simultaneous Localization And Mapping (SLAM) on the RAWSEEDS
benchmark. SRI International's SLAM system has an RMS error in XY of 0.32m
(0.22%). |
R. Vincent, B. Limketkai, M. Eriksen. Comparison of indoor robot’foca[}zatlon
techniques in the absence of GPS. In proceedings of SPIE VOI{ 7’664 2070
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Summing up ... and averaging

" On average in last 1.5 years

© A full download (~600GB) per
month ... how many by
sneakernet?

© A paper per month using
Rawseeds data

© A paper every 2 weeks with
reference to Rawseeds project

©  An email contact every 3 weeks

asking for support FOR RAWSEEDS
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