
© Fraunhofer-Institut für Intelligente   

 Analyse- und Informationssysteme IAIS 



© Fraunhofer-Institut für Intelligente   

 Analyse- und Informationssysteme IAIS 

Katerina Vrotsou1, Natalia Andrienko1, Gennady Andrienko1, and Piotr Jankowski 

1University of Bonn & Fraunhofer IAIS, Germany,  2San Diego State University, USA 

Exploring City Structure from Georeferenced 

Photos Using Graph Centrality Measures 

 



© Fraunhofer-Institut für Intelligente   

 Analyse- und Informationssysteme IAIS 

Geo-temporally referenced photos 

 Photo-sharing websites 

 Large free data source 

 Photographs 

 Time- and geo-

referenced 

 Photographer ID 

 Trajectories 

 Browse photo-activity of a 

region over time 

 Explore the spatio- 

temporal characteristics of the region 
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Trajectories from sequences of photographed places 

95% transparency 
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Aggregation of trajectories into graph 

 Characteristic points extracted from 

trajectories 

 Spatially bounded density based 

clustering  

 Voronoi polygons 

 Moves between polygons 
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Aggregate trajectories to graph of moves between places 
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Graph of movements between places  

 Graph centrality scores for each node 

 Degree centrality  

 In-/Out-degree   

 Weighted in-/out-degree 

 Closeness  

 Betweenness 

 Clustering coefficient 
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Interactive exploration of city structure 

Fig.3: Choropleth map depicting in-degree per place in 

Athens, Greece. In-degree reflects the number of visits 

per place. The central areas of Athens, the harbours 

(Pireaus, Rafina) and cape Sounio have high in-degree. 

Fig.6: Choropleth map depicting closeness centrality per place 

in Athens, Greece. Closeness measures the distance of a 

place to all others and reflects how well connected a place is. 

The central areas of Athens, the harbours (Pireaus, Rafina, 

Lavrion), airport, cape Sounio, the  Athens Riviera and the 

Olympic stadium are all areas with high closeness. 
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Winter Spring 

Summer Autumn 

Interactive exploration of city structure 
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Interactive exploration of city structure 

Fig.4: Time graph of the weighted in-degree per month of places in Athens, 

Greece showing various monthly peaks. Each line represents a distinct place, the 

lines with highest values correspond to the most central places of Athens.  

Central areas of Athens 

Jan 2007 Jan 2008 Jan 2009 
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Thank you! 
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