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In the thesis, different methods to generate high-level knowledge are investigated
with the purpose of enriching maps of the environment to increase the autonomy
of ground vehicles.

Chapter 1: Introduction

In view of the aging population of Japan, robotic solutions will play an integral
role to overcome the resulting problems of a shrinking workforce as well as the
problem of an increasingly large portion of population in need of special
care-taking services. However, currently it is still challenging for robots to easily
interact with humans or even operate within an environment that is shared with
humans due to the sheer complexity. The robot has to simultaneously localize
itself in the environment, perceive and understand the surrounding, and finally
plan its action according to its environment, nearby agents and its task. To
alleviate this problem, a common way is to provide the robot with maps of the
environment containing a-priori high-level knowledge about it. These maps can
vastly help the robot in the perceiving and understanding task. This could be in
form of static objects of high interest like the position of traffic lights in a street
scene. Another form of high-level knowledge could be location specific rules about
the environment like which lanes are used for turning at a crossroad. In this work,
the problem of generating high-level knowledge to enrich maps for autonomous
ground vehicles from different standpoints for three different tasks 1is
investigated.

Chapter 2: Robust Stairway Detection and Localization Method for Mobile Robots
using a Graph-Based Model and Competing Initializations

The first task has its background in a crawler-type robot that is supposed to patrol
a manufacturing plant on a daily basis for inspections tasks to alleviate the
burden of human workers. During the route, the robot has to climb several
stairways. This study presents a method for accurately detecting, localizing, and
estimating the characteristics of stairways using point cloud data.

The main challenge is the wide variety of different structures and shapes of
stairways. This challenge i1s often aggravated by an unfavorable position of the
sensor, which leaves large parts of the stairway occluded. This can be further
aggravated by sparse point data.

These difficulties are overcome by introducing a three-dimensional graph-based
stairway detection method combined with competing initializations. The stairway
graph characterizes the general structural design of stairways in a generic way
that can be used to describe a large variety of different stairways. By using
multiple ways to initialize the graph, stairways can be robustly detected even if
parts of the stairway are occluded. Furthermore, by letting the initializations
compete against each other, the best initialization that accurately describes the
measured stairway can be found. The detection algorithm utilizes a plane-based
approach. Different planar segmentation algorithms were also investigated and



experimentally compared in an application-orientated manner.

The system accurately detects and estimates the stairway parameters with an
average error of only 2.5mm for a variety of stairways including ascending,
descending and spiral stairways. The method robustly works with different depth
sensors for either small or large-scale environments and for dense and sparse
point cloud data. Despite this generality, the system's accuracy is higher than
most state-of-the-art stairway detection methods.

Chapter 3: Vehicle Detection and Localization on Bird's Eye View Elevation
Images Using Convolutional Neural Network

The second task deals with self-driving vehicles. Self-driving vehicles will provide
mobility for elderly people especially in rural regions with few public transport
options. For autonomous vehicles, the ability to detect and localize surrounding
vehicles is critical. It is one of the fundamental step for further processing like
path planning. This study describes a convolutional neural network based vehicle
detection and localization method using point cloud data acquired by a LIDAR
sensor. Acquired point clouds are transformed into bird’s eye view depth images,
where each pixel represents a grid cell of the horizontal x-y plane. The images are
processed by a two stage vehicle detector. As the pixels of the image represent real
world positions, the bounding box of detected vehicles correspond directly to the
real world position of the vehicles. The position of the vehicles is critical for path
planning and collision avoidance. Furthermore, the proposed bird’s eye view
1mages utilize a three channel representation that allows us to utilize common
RGB image based detection networks without modification. To evaluate the
suitability of our method for further applications like path planning, the detection
results are evaluated based on the real world localization error.

Chapter 4: Parking Spot Estimation and Mapping Method for Mobile Robots

The third task investigates further self-driving vehicles. To operate, the
self-driving vehicles rely on detailed semantic maps of the environment. In this
work, a method to autonomously generate a semantic map enriched with
knowledge of parking spot locations is proposed. The method detects and uses
parked vehicles in the surroundings to estimate parking lot topology and infer
vacant parking spots via a graph-based approach. The method works for parking
lot structures in different environments, such as structured parking lots,
unstructured/unmarked parking lots, and typical suburban environments. Using
the proposed graph-based approach to infer the parking lot structure, it is possible
to extend the estimated parking spots by 57%, averaged over six different areas
with ten trials each. The accuracy of the algorithm is increased when combining
multiple trials over multiple days. With ten trials combined, the whole parking lot
structure was estimated, and all parking spots were detected in four out of the six
evaluated areas.

Chapter 5: Fusion of Camera and LIDAR Data for Large Scale Semantic Mapping
In the fourth task, the generation of semantic maps for self-driving vehicles was
investigated. The main focus is to generate large scale semantic 3D maps of the
environment where each point is classified depending on their semantic class (.e.
road, sidewalk, building, ...). In this work, the focus was on the fusion of RGB data



of a camera and depth data of a LIDAR.

With the recent rise of deep convolutional neural networks, the semantic
segmentation of pictures has made a great boost in terms of performance. To build
upon this performance boost and the color and semantic data gathered from a
round view camera system with depth data gathered from a LIDAR sensor were
fused. In the framework, each LIDAR scan was projected on the pictures to
extract the color and semantic information while at the same time creating a
large-scale 3D maps of the environment using a LIDAR-based SLAM algorithm. A
random forest with combined geometrical features of the LIDAR and color and
semantic features from the camera system was trained. The features complement
each other and the combination of them yields an increase in IoU of around 20
percent points compared to only using geometrical features and around 13 percent
points compared to using mainly the semantic information gathered from the
pictures. The system achieves an average IoU-score of around 62% over 14
different semantic classes, including three different classes for ground types.
Through this sensor fusion state-of-the-art results were achieved in comparison to
other large scale outdoor semantic labeling methods, despite having more
semantic classes and considerably less training data. Some examples on how the
extracted high-level knowledge can be applied for further applications is shown,
in particular the ability of the technique to retrieve trajectories of pedestrian and
vehicles within the environment. In addition, using the acquired knowledge
points of the specific classes can be removed from the overall point cloud, i.e.
removing the traffic from the environment or removing the vegetation to get views
on buildings from angles that are normally hidden by trees or other objects.

Chapter 6: General Conclusions

The last chapter concludes this study. In this study, different techniques for
generating high-level knowledge to enrich maps for autonomous ground vehicles
are shown. Firstly, object detection in cluttered environment techniques are
demonstrated for the particular case of stairway detection (Chapter 2) as well as
vehicle detection (Chapter 3). Secondly, a way to learn high-level knowledge
through observation of other traffic participant is introduced for the specific case
of parking spot detection (Chapter 4). Thirdly, a method for detailed semantic
scene segmentation is shown for the case of urban street scenes (Chapter 5).
These techniques can help overcome the current difficulties and limits of
autonomous ground vehicles. By adding the acquired high-level knowledge to a
map of the environment, the robot can rely on a broader a-priori environment
knowledge. This does not only help to increase the robot's scene understanding
but is an essential part for further action planning of the robot.




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /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 /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /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 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /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 true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

  >>

  /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

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



