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Point of interest (POI)
geographic object that has a point geometric shape associated with 
spatial and terminological attributes

Location-Based services (LBS)
provide services and information based on a given address or location. 
Among LBS, there are navigations, weather, news, POIs, etc.

Examples of LBS providers:
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Specificities
Dynamicity: Providers update their models and data anytime
Large scale: LBS providers become more numerous and their 
data are increasingly voluminous
Data quality: Guarantee that the information is integrated as 
correct as possible and assess its uncertainty

Challenges
Detect and integrate corresponding POIs using their terminology 
and spatial data
Visualize integrated POIs and represent their uncertainty on 
maps
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Spatial entity matching
Only spatial information: similarity measures based on 
probabilistic consideration [1, 2]
Spatial & terminological information: combining similarity 
measures

Theory of Evidence [3, 4]
Learning-based methods [5]
Filtering [6]
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Semi-automatic spatial entity matching
Detecting the potentially corresponding entities for which a 
user has to make a final decision [7]

Map conflation
Vector  objects (punctual, linear and polygonal) and raster images 
are integrated  [8] 
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MacEachren et al., Visual semiotics and uncertainty visualization: An empirical study , 2012



Related work – Spatial Uncertainty Visualization
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Iconic symbols (MacEachren et al., Visual semiotics and uncertainty visualization: An empirical 
study , 2012)

Abstract symbols (Morrison 1974, Bertin 1983, 
MacEachern 1995) 

3 levels of confidence
Low (uncertain)
Medium (moderately certain)
High (certain)



Related work – Spatial Uncertainty Visualization
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Most abstract relevant visual variables for uncertainty generally (MacEachren & al. 2012)  

Most relevant visual variables for each component in some categories (MacEachren & al. 2012)
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Representing Uncertainty
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Approach Overview
Mediation process
Integration process
Visualization process
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Integration Process
Spatial similarity based on  Euclidian distance
Terminological similarity based on Levenshtein distance
Global similarity �  combining spatial and terminological similarity
Entities with highest global score are considered as similar

3 Geographical Dimensions
Confidence level of spatial attributes 
Confidence level of terminological attributes 
Global confidence level
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Representing Uncertainty - Integration Process
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Confidence Scores
Spatial confidence score � spatial similarity score
Terminological confidence score � average of similarity scores of all 
terminological attributes
Global confidence score �  combining the spatial and terminological 
confidence scores

Confidence Levels
Low (uncertain) �  confidence score � [0,0.5]
Medium (moderate certainty) �  confidence score � ]0.5,0.75]
High (certain) �  confidence score � ]0.75,1]



Representing Uncertainty on the Map
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Selected visual variables

2 ways to portray a visual variable
Directly on the map (on the POI location)
In a tool-tip (above the terminological information)



Representing Uncertainty on the Map - Proposals
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Proposal 2
 Terminological on map
 Spatial in tool-tip

Proposal 3
 Terminological and spatial 

on map

Proposal 1
 Spatial on map
 Terminological in tool-tip

Spatial and terminological confidences



Representing Uncertainty on the Map - Proposals
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Proposal 5
 Global, terminological and 

spatial on map

Proposal 4
 Global on map
 Spatial and terminological in 

tool-tip

Global, spatial and terminological confidences
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Experimental Validation

POIs are the result of the integration of POIs from 
several LBS providers
Representing uncertainty based on Proposal 4

Global � Color value
Spatial � Location associated to fuzziness and size
Terminological � Thermometer

Search for POIs by their types
Dynamic map
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Conclusion and Future Work
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Conclusion
Representing the uncertainty of integrated POIs in a spatial 
context

Future Work
Find the most efficient visual variables for each dimension 
of geographic information
Evaluate alternative solutions and explore how end-users 
navigate with interactive maps
Customize the visual representation and the navigation 
process according to user profiles
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Questions?
bilal.berjawi@liris.cnrs.fr
http://unimap.liris.cnrs.fr

Thank you



Experimental validation – Source mode
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