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Editorial

Janko Petereit*, Georg Bretthauer and Jiirgen Beyerer

Robotic systems for decontamination in

hazardous environments

To boldly go where many still work today

https://doi.org/10.1515/auto-2022-0121

It is well known that robots are preferably used for
tasks that are dull, dirty, or dangerous. A special area of
dangerous tasks is decontamination where today people
still do the majority of the work. For example, workers in
protective gear clean parts of nuclear power plants with
high-pressure cleaners during the dismantling process.
Others work in externally ventilated excavator cabins while
remediating contaminated landfill sites. The risk to human
health becomes obvious during the salvage and handling
of (potentially unknown) hazardous materials.

So what could be more obvious than sending decon-
tamination robots into these hazardous environments to
get humans out of the danger zone? What sounds like a
good idea at first glance is not so simple in practice. Decon-
tamination robots are faced with very special challenges:
The operating environments are often highly unstructured
or even unknown in advance and the manipulation tasks
are very intricate. This means that, on the one hand, a high
degree of flexibility and autonomy is required to support
the operators, but on the other hand, the operators must
also be able to work closely with the robot so that they can
incorporate their expertise.

Many of the challenges mentioned are already part
of active research work, but decontamination robots have
not yet been able to establish themselves in practice. On
the one hand, this is due to the fact that there are still
functional gapstobe filled during the transition to practice,
so that the robot systems can operate in tough 24/7 use. On
the other hand, they do not yet appear economical to many
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users, or there is a lack of confidence in the performance of
the systems or simply a lack of imagination for the future
shape of existing work processes.

In order to accelerate the practical application of
robots for decontamination tasks, the Federal Ministry of
Education and Research (BMBF) has been funding the
competence center “ROBDEKON - Robotic Systems for
Decontamination in Hazardous Environments” within the
scope of the German Federal Government’s “Research for
Civil Security” program. This application-oriented special
issue provides a detailed insight into the research and
development work and presents the results achieved at
the end of the first funding phase.

The survey article “ROBDEKON - competence center
for decontamination robotics” by Philipp Woock et al.
provides an overview of the state of the art in decontam-
ination robotics and briefly introduces the topics and the
consortium of the ROBDEKON competence center.

The article “Grasping and retrieving unknown haz-
ardous objects with a mobile manipulator” by Arne
Roennau et al. presents a shared operation approach for
the identification and localization of unknown hazardous
objects as well as a 3D mapping approach for mobile robots.

In “Humanoid robotic system for grasping and manip-
ulation in decontamination tasks” Christoph Pohl et al.
present a fully autonomous decontamination setup with a
humanoid robot that can manipulate unknown objects as
a first important step for the decontamination of nuclear
power plant parts.

The article “An autonomous crawler excavator for haz-
ardous environments” by Christian Frese et al. describes
the methods used and results obtained during the devel-
opment of a technology demonstrator for remediation of
contaminated landfills with focus on planning and control.

In “ARTER: A walking excavator robot for autonomous
and remote operations” Ajish Babu et al. present their
concept for converting a walking excavator into a robot
and equipping it with autonomy capabilities for terrain-
adaptive driving and manipulation.
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A universal human-machine interface for teleoperat-
ing of a broad range of decontamination robots of different
types is provided by Michael Fennel et al. in “Intuitive and
immersive teleoperation of robot manipulators for remote
decontamination”.

The article “From environmental exploration to clear-
ance measurement — developing mobile robot systems
for decommissioning of nuclear power plants” by Ziyuan
Chen et al. shows what a future robot-based process for
decommissioning of building structures could look like.

In “Future control stations for heavy machinery”
Steffen Planthaber et al. propose several concepts for tele-
operating decontamination robots using different levels of
abstraction and immersion.

Last but not least, the forum article “Contaminated
site, abandoned mine, landfill Morgenstern” by Walter
Schmotz et al. provides an inside look at a severely
contaminated landfill site and the remediation-related
issues and challenges faced by potential decontamination
robots.

The contributions to this special issue illustrate very
well the wide range of challenges that have to be solved
in order to make decontamination robots suitable for
practical use. This requires the entire range of relevant
robotics expertise: In ROBDEKON, existing state-of-the-art
algorithms have been applied and extended in the areas of
autonomy, sensor fusion, localization and mapping, path
and action planning, as well as control, and novel methods
have been developed, e.g., in the area of manipulation, to
close functionality gaps. The technology demonstrators
described in this special issue are intended to provide
a basis for future robotics solutions in the areas of
remediation of landfills and contaminated sites, disman-
tling of nuclear facilities, and generally in the handling
of hazardous materials. In this way, we hope to make
our contribution to the restoration of a healthy environ-
ment — free from hazards for workers and citizens in
general.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.

Research funding: The project “ROBDEKON — Robotic Sys-
tems for Decontamination in Hazardous Environments”
is funded by the Federal Ministry of Education and
Research (BMBF) within the scope of the German Federal
Government’s “Research for Civil Security” program.
Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

DE GRUYTER OLDENBOURG

Bionotes

Janko Petereit

Fraunhofer IOSB, Karlsruhe, Germany
janko.petereit@iosb.fraunhofer.de
https://orcid.org/0000-0003-4715-
8908

Janko Petereit received his degree in electrical engineering and
information technology from the Karlsruhe Institute of Technology
(KIT) in 2009, where he also received his PhD in informatics in 2016.
He now manages the Multi-Sensor Systems research group at the
Fraunhofer Institute of Optronics, System Technologies and Image
Exploitation 0SB in Karlsruhe, Germany. His research focuses on
motion planning and multi-sensor fusion for autonomous mobile
robots.

Georg Bretthauer

Karlsruhe Institute of Technology
(KIT), Karlsruhe, Germany
georg.bretthauer@kit.edu

Georg Bretthauer obtained the Dipl.-Ing., Dr.-Ing., and Dr.-Ing. habil.
degrees in Automatic Control at the University of Technology,
Dresden in 1970, 1977, and 1983, respectively. From 1997 to 2015 he
was a full professor for Applied Computer Sciences and Automatic
Control and the Head of the Institute of Applied Computer Sciences
and Automatic Control (AIA) at the University of Karlsruhe and the
Head of the Institute of Applied Computer Sciences (IAl) at the
Karlsruhe Research Center (now KIT). From 2002 to 2018 he was the
Editor-in-Chief of the journal “Automatisierungstechnik — at”. His
research interests include identifcation, automation, mechatronics,
and artifcial intelligence.

Jiirgen Beyerer

Fraunhofer 0SB, Karlsruhe, Germany
Karlsruhe Institute of Technology (KIT),
Karlsruhe, Germany
juergen.beyerer@iosb.fraunhofer.de
https://orcid.org/0000-0003-3556-7181

Jurgen Beyerer has been full professor for informatics at the

Institute for Anthropomatics and Robotics at the Karlsruhe Institute
of Technology (KIT) since March 2004 and director of the Fraunhofer
Institute of Optronics, System Technologies and Image Exploitation


mailto:janko.petereit@iosb.fraunhofer.de
https://orcid.org/0000-0003-4715-8908
https://orcid.org/0000-0003-4715-8908
mailto:georg.bretthauer@kit.edu
mailto:juergen.beyerer@iosb.fraunhofer.de
https://orcid.org/0000-0003-3556-7181

DE GRUYTER OLDENBOURG

I0SB in Ettlingen, Karlsruhe, Ilmenau, Gorlitz, Lemgo, Oberkochen
and Rostock. Research interests include automated visual
inspection, signal and image processing, variable image acquisition
and processing, active vision, metrology, information theory, fusion
of data and information from heterogeneous sources, system

J. Petereit et al.: Robotic systems for decontamination =— 825

theory, autonomous systems and automation. Jiirgen Beyerer is the
chair of the scientific board of the Competence Center Karlsruhe for
Al Systems Engineering (CC-KING) and spokesman for the
Competence Center Robotic Systems for Decontamination in
Hazardous Environments (ROBDEKON).



	Bionotes


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


