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Abstract. Even though geo data are getting more and more widely available 
nowadays, they often do not meet the requirements of location-based services 
concerning structure, content and format. Often, an application provider thus 
has to modify or adapt geo data. Moreover, applications still have to deal with 
the position capturing process and the sensor fusion task. In this paper we pre-
sent the Hybris framework that provides a geo data authoring environment and 
position reasoning services that significantly simplify the development of loca-
tion-based services. 
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1   Introduction 

Geo data form the natural resource for location-based services. Geo objects describe 
the world in terms of natural, artificial and virtual entities that cover the earth's sur-
face. Important functions such as displaying maps, maintaining points of interests 
(POIs) and navigation strongly rely on the quality of geo data.  

Managing geo data becomes a more and more difficult tasks. A huge variety of 
sources are available that range from land survey data (e.g. ATKIS), freely available 
geo data (e.g. OpenStreetMap), privately assembled data such points of interests col-
lected with the car navigation device or GPS tracks stored in GPS loggers. These data 
have different characteristics concerning quality, structure and contents, thus data not 
only have to be imported from different formats, but have to be corrected, fused, en-
riched and finally integrated into a data repository. 

In this paper we present the Hybris environment. It is built to collect and manage 
geo data for location-based services; it contains a component to access positioning 
systems and provides a location reasoning mechanism. 

2   The Hybris Environment 

The Hybris environment connects the components External Geo Data, Authoring, Po-
sitioning and Applications as illustrated in Fig. 1. 



 

Fig. 1. The Hybris environment 

• The geo data authoring tool is called depro. Besides display and modification func-
tions it provides a powerful plug-in interface that allows the easy integration of 
new components. In addition to the stand-alone editor, a Web-based variation 
based on Google Maps is realized. 

• The Domain Repository stores the corresponding geo data. We identified a number 
of requirements that the geo data model should meet (see below). In the current 
implementation, the domain repository simply consists of a directory tree of XML 
files, but also the storage in spatial databases is conceivable. 

• A mechanism called MAP3 allows to reason about the geo data in relation to the 
user's current position. As position sensors have certain sensor error distributions, 
reasoning about a position is a probabilistic mechanism. MAP3 provides an effi-
cient approach to represent and process position probability densities and in con-
trast to Kalman filters also support non-Gaussian densities. 

 
We now provide some details. 

1.1 The Authoring Environment 

The traditional field that deals with geo data is land surveying. As nowadays land 
survey data is stored digitally, it can in principle be used for location-based services. 
However, the goals of land surveying often do not meet the requirements of location-
based services, we thus introduce a new geo data model [3]. We identified a number 
of requirements that the geo model should meet, extended the traditional properties of 
geo data, which are thematic, geometric and topological properties and introduced 
structural, organizational and meta data properties. 



Commercial systems in the area of location-based services often import geo data 
from hundreds of geo spatial databases. One of our goals was to represent all required 
geo information within a single data format. To get the required expressiveness, we 
first extended the list of traditional properties of geo objects (i.e. geometric, thematic 
and topological properties). The resulting list of properties (excluding the traditional 
ones) is: 
• Structural properties are used to describe storage and access of geo data in techni-

cal infrastructures. E.g., inside the Nimbus project [1, 2] we used structural proper-
ties to perform a geometric lookup of geo objects that are stored in a distributed 
federation of servers. In contrast to topological properties, structural properties de-
scribe relations in terms, which are not directly perceived by end-users. 

• Organizational properties are information about the generation process of geo 
data, e.g., unique identifiers to detect duplicate objects as a result of multiple im-
ports. They answer questions such as: What is the data source, who modified an 
entry and how long is the entry expected to be valid? If the geometry is based on 
GPS measurements, how many satellites were available? Such data is important to 
achieve and preserve the quality of geo data. In contrast to structural properties, 
organizational properties describe non-technical characteristics. 

• Meta data are names, images, sounds, or Web links. Even though structural and 
organizational properties are also meta data in a general meaning, this point only 
summarizes those properties that describe content perceivable by an end-user as 
meta data. Some meta data is intended only to be displayed to users, but others 
have to be included into a resolution process. E.g., the time validity property is 
used for geo objects that do not exist permanently such as fairs, weekly markets, or 
construction zones. 

 
Inside the Hybris project, we use an XML language to represent geo objects, whereas 
each geo object is stored in an individual XML file. That simplifies the distribution of 
geo objects to different servers. Fig. 2 shows the main authoring tool to edit geo ob-
jects. The different properties are reflected by different views on the data.  
 

 

Fig. 2. The depro authoring environment (left: Web-based; right: stand-alone) 



The editor provides a powerful plug-in interface to build future extensions. Currently 
plug-ins for refactoring, statistics, import/export, consistency checks, binary polygo-
nal operations and for the creation of topological connections are implemented.  

The plug-in interface significantly simplifies the creation of authoring functions as 
it already provides powerful functions such as geo coding of mouse positions and 
displaying maps often required for editing. In addition, the environment preserves 
consistency if plug-ins modify multiple domains simultaneously.  

The major path to integrate huge amounts of geo data goes through the Im-
port/Export interface. For important formats such as ATKIS (EDBS), GPS Logs 
(NMEA), Google Earth (KML), OpenStreetMaps (OSM) and TomTom POIs (OV2), 
import plug-ins are already implemented. 

1.2 Reasoning Environment 

MAP3 (Multi-Area Probability-based Positioning by Predicates) [5] introduces a new 
approach for position sensor data fusion (fig. 3). Any piece of information about the 
location at any point in time is mapped to a location predicate that forms a kind of 
universal interface to any positioning system. Predicates are mapped either to prob-
ability density representations or operations on densities.  
 

 

Fig. 3. The reasoning environment 

Position probability densities f are mathematical constructions that need to be ap-
proximated for computation, if they do not follow some hard constrains such as Gaus-
sian densities [4]. We use the following approximation fapprox for a position p 
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where Λ  is a characteristic function of a multipolygon with holes (mphi) and wi the 
weight of the respective mph. An mph represents the most common approximating 
two-dimensional structure that is widely available and efficiently implemented in 
many tool environments, software libraries and spatial databases. 

The Spatial Solver component executes density operations (e.g. multiplication, 
convolution) with the help of these mph operations. Depending on the application, the 
most probable location or a set of local maximum values is computed. For details of 
the probabilistic reasoning mechanism see [5]. 



 

 

Fig. 3. Hybris applications (left: Buddy Finder, right: Photo Mapper) 

3   Conclusions 

Managing geo data and locations currently still is a cost intensive task. With the Hy-
bris environment, an application developer mainly can concentrate on the application-
dependent part. We verified the approach with the help of two location-based appli-
cations developed as student project: a buddy finder for mobile phones and an appli-
cation that assigns locations to digital pictures (fig. 3). A developer and can rely on a 
powerful tool environment to manage geo data, especially on the convenient author-
ing environment that provides a plug-in interface to integrate new import and proc-
essing mechanisms. The innovative spatial reasoning approach MAP3 allows the easy 
integration of different positioning systems and provides an effective position fusion 
mechanism. 

References 

1. Jörg Roth: The Distributed Location Resolution Problem and its Efficient Solution, IADIS 
Intern. Conf. Applied Computing 2006, San Sebastian (Spain), Feb. 25-28, 2006, 3-10 

2. Jörg Roth: Detecting Identifiable Areas in Mobile Environments, 21st Annual ACM Sympo-
sium on Applied Computing, April 23-27, 2006, Dijon, (France), ACM Press, 986-991 

3.  Jörg Roth: Modelling Geo Data for Location-based Services, 3. GI/ITG KuVS Fachgespräch 
"Ortsbezogene Anwendungen und Dienste", 7.-8. Sept. 2006, Berlin, Institut für Informatik 
der Freien Universität Berlin, ISBN 3-929619-39-3, Sept. 2006, 20-25 

4. Jörg Roth: Location Sensor Fusion Mechanisms – A Comparison, 4. GI/ITG KuVS Fach-
gespräch "Ortsbezogene Anwendungen und Dienste", 13.-14. Sept. 2007, München, Dr. 
Hut-Verlag, ISBN 978-3-89963-591-1, 17-21 

5. Jörg Roth: Inferring Position Knowledge from Location Predicates, 3rd Intern. Symposium 
on Location- and Context-Awareness (LoCA 2007) Sept. 20-21, 2007, Oberpfaffenhofen, 
Germany, LNCS 4718, Springer Verlag, 245-262 

6. The Hybris Homepage: http://hybris.wireless-earth.org 
 



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


