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Gas-Sensitive Mobile Robots

! the catastropy in Baden-Baden 1973
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Gas-Sensitive Mobile Robots
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l Application Domains

! dedicated systems

I security, surveillance: "electronic watchman"

! rescue robots

! additional benefit for available robots
I smell a leaking gas pipe
I detect a fire at its initial stage (CO)

! monitor pollutants in the environment
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Gas Source Localisation

! sub-tasks
1 gas finding
I gas source tracing

I gas source declaration

1 main difficulties

| state-of-the art gas sensors

I turbulent gas distribution

I no analytical model available
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Gas Source Localisation

1 gas distribution in a real-world environment
| e
I convection

! turbulence

Smyth & Moum 2001
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l Gas Source Declaration Strategy

gas source declaration

without using additional sensors
using general characteristics

no analytical model available

rotation maneouvre
90° left, 180° right, 90° left

8 sectors with 45°
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Data Pre-Processing

feature extraction

mean and/or standard deviation (u, o, uo)

different sensor combinations (7 sensors)

linear mapping to [0,1]
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Data Pre-Processing

" 14 sensor combinations
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Data Pre-Processing

" 14 sensor combinations
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Experimental Setup — Robot, Gas Source

¢ "Arthur" (ATRV-Jr.)
I footprint = 80 x 65 cm, height = 55 cm

I Sensors
I 7 metal oxide gas sensors
I odometry

| laser range scanner

1 Gas Source
I bowl with Whiskey (D = 14cm)
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l Experimental Setup - Environment

office room

uncontrolled environment

wind{
7

obstacles

154 m

doors \

51 m
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l Experimental Setup - Environment

office room

3 different positions of the gas source

wind{
7

obstacles

154 m

doors \

51 m
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l Experimental Setup - Environment

office room

"direct in front of the source" = pos. examples
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Experimental Setup - Environment

Ad = 5 cm - neg. examples

4 neg./ 4 pos. trials for each distance = 1056 trials

e
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Classification

! positive examples (+1)

I mean value (u)
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Classification

! negative examples

I mean value (u)

d, + Ad
. Ad =0cm ]
iééiiziEﬁ;zzz:frhgtxr‘ f ;gzifi%::ffgt"::faiii : ;;i;fbwzztiiiszzz_:/ﬁ
] . Ad =20 cm
:wﬂéi;:xékaa‘ | 2§§§?/::§§}K :
- | — | == e —

S1 S2 S3 S4 S5 S6 S7 S8 S1 S2 S3 S4 S5 S6 S7 S8 S1 S2 S3 S4 S5 S6 S7 S8

.OOOOOO OOO.OOO OOOOOOO



Classification

! negative examples

I mean value (u)
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Classification

! negative examples

I mean value (u)

d,+ Ad
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l Classification - Machine Learning

Support Vector Machine (SVM)

A e
_ O NS L

optimal separating hyperplane in the feature space

maximise margin between two classes
transformation implicitely done by kernel functions

kernel = similarity measure between feature vectors

learning < quadratic optimisation problem
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l Classification - Machine Learning

§ Support Vector Machine (SVM)
I RBF kernel
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I SVM parameters
I kernel parameter y

| penalty parameter C
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l Results

® grid search
| y=2mwithm= -6, -5.75, ..., 5.75, 6
I C=2"withn=-3, -2.75,...,8.75,9

¢ cross-validation hit rate
! 5-fold cross-validation

I (C*y*) = max. cross.-val. hit rate

train

\
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l Results

© dependency on the distance to the gas source
I distinguish Ad = 0 from Ad = Ad"s

! different distances Ad"ns

I Ad"=60cm = Ad =60/80/100 cm = Ad"™s =80 cm

positive examples negative examples
— = =
d, d,+ Ad

Achim Lilienthal (Universitat Tubingen, WSI-RA, Prof. Andreas Zell) 25



Results

! vertical normalisation, (1uo), e eee e
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Results

! horizontal normalisation, (10), ¢© eee °e
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Results

comparison with threshold classifier
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Results

roughly constant plateau
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Results

comparison of sensor configurations
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l Summary

gas source declaration method introduced

based on gas sensor measurements only

machine learning for classification
demonstration of the feasibility of the approach

analysis of the classification performance

high classification rates with SVM

>> simple threshold classifier
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Outlook

I maneuovre optimisation

I optimal rotational speed

! other maneuvres

! feature selection

I optimal sensor location

! regression

I Bayesian learning

Achim Lilienthal (Universitat Tubingen, WSI-RA, Prof. Andreas Zell) 32



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Gas Source Declaration

with a
Mobile Robot

A. Lilienthal. H. Ulmer, H.Fréhlich.
A. Stutzle. F. Werner. A. Zell




EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Gas Source Declaration With a Mobile Robot

100
90}

Achim Lilienthal, Holger Ulmer, Holger Frohlich,

Andreas Stutzle, Felix Werner, Andreas Zell
University of Tubingen, WSI




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


