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introduction
 geospatiotemporal knowledge discovery and its application 

◦ who, where, when, what, why and how 

◦ traditional spatial data vs. geospatial data 

◦ traditional spatiotemporal data vs. geospatiotemporal data 

◦ traditional data vs. multimedia data 



introduction
 analysis 

◦ geospatial data 

◦ cluster, density estimation, spatial reasoning 

◦ attribute, feature, topic, language modeling 

◦ geotemporal data 

◦ trajectories 

 applications 

◦ similarity 

◦ search 

◦ ranking 

◦ recommendation 

◦ prediction 

 pitfalls



geographic clustering
 find groups of data that are geographically close and have similar 
characteristics to each other 



geographic clustering
 hard clustering 

◦ k-means 

◦ X-means 

◦ DBSCAN 

◦ OPTICS 

◦ P-DBSCAN 

◦ mean shift 

◦ spectral 

 soft clustering 

◦ fuzzy c-means 

◦ mixture modeling



geographic clustering
 traditional clustering techniques are often applied to geographic data as-is 

◦ do not take geographic properties into account, e.g. 

◦ the effects of natural and manmade boundaries on data distribution 

◦ using Euclidean distance instead of geodesic distance 

◦ some spatiotemporal properties can actually be exploited, e.g. 

◦ intuitive notion of closeness in space and time makes parameterization easier 

 clustering algorithms exist that are able to handle geographic “obstacles” 



geographic clustering
 discovered clusters can give us knowledge about correspondences between and 
among 

◦ users 

◦ locations 

◦ timestamps/time periods 

◦ attributes 

 clusters can also give us insights into how people 

◦ navigate, explore, interact and experience the world 



geographic densities
 geographic data is often unevenly distributed 

◦ sparse 

◦ mixed 

◦ concentrated 

◦ variable 



geographic densities
 the goal of density estimation is to take a finite sample of data and 
to make inferences about the underlying probability density 
function everywhere, including where no data is observed 

◦ mixture models 

◦ kernel density estimation 

 densities can give us a better understanding of 

◦ how data within a concept is distributed 

◦ how different concepts related to each other 

◦ how the same concept changes depending on location 

◦ how the same concept changes depending on time



geographic densities
 kernel density estimation 



geographic boundaries
 clusters can be converted into closed regions by, e.g. 

◦ computing the convex hull from all points 

◦ computing the alpha shape from all points 



geographic boundaries
 densities can be converted into closed regions by, e.g. 

◦ absolute/relative thresholding on density 

◦ absolute/relative thresholding on distance 

◦ the value of the threshold dictates whether zero, one or more regions get 
produced 



spatial reasoning
 qualitative spatiotemporal reasoning describes spatial and 
temporal relationships between regions 

 reasoning about regions helps us understand their interactions in 
a dynamic and social world, e.g. 

◦ urban planning, e.g. analyzing transitions between “home”, “work”, 
“entertainment”, “social” regions 



spatial reasoning
 region connection calculus 8 (RCC-8) 



 dimensionally extended nine-intersection model (DE-9IM) 

◦ supports standard geometries, such as Point, MultiPolygon 

◦ supports relationships between geometries, such as “equals”, “overlaps”, 
crosses 

spatial reasoning



space, time, and attributes
 so far we have mostly considered geometries, but what about 
attributes? multimedia is more than just points! 

◦ metadata 

◦ features 

◦ properties 

◦ other explicit and implicit attributes 

 usually, geotagged multimedia data is processed in steps 

◦ discover spatial relations (e.g. clusters) 

◦ discover temporal relations (e.g. periodicity) 

◦ discover attribute relations (e.g. equivalence) 

◦ steps executed in different order can give different outcome



space, time, and attributes
 dimensionalities of space, time, and attributes differ 

◦ attributes can often be normalized along each of their dimensions 

◦ space and time dimensions require different treatment 

 statistical techniques often not suitable for handling spatiotemporal data 

◦ nearby spatial measurements are correlated 

◦ nearby temporal measurements are correlated 

◦ all these measurements cannot be considered independent and thus violate 
the independence assumption of many statistical tests 



spatial modeling
 objective is to discover latent geographic semantic attributes 

◦ each attribute represents a semantic dimension of some thing of interest 

◦ each attribute can be seen as a sensor that measures a geographic semantic signal 

 underlying aspects of a latent attribute are, e.g. 

◦ low-level features (e.g. words, colors, Foursquare venues) 

◦ mid-level concepts (e.g. textual topics, visual concepts, Foursquare categories) 

Close to the equator, perfect soil and high 
elevation make @CafeDAltamira produce the 
perfect cup of Coffee!! #Honduras #Coffee | 
37.38 -121.90 | San Jose | CA | United States 
| 0befbacea94beb06



spatial modeling
 semantic attributes are discovered through 

◦ correlations and regressions 

◦ dimension reduction 

◦ matrix factorization 

◦ mixture models 

◦ topic models 

◦ language models 

◦ region models 

◦ etc. 



temporal modeling
 to understand the flow of how users move through space, one can 
follow the location “breadcrumbs” they leave behind 

◦ active recording (e.g. Foursquare check-ins, Flickr photos) 

◦ passive recording (e.g. cell phone towers, credit card transactions) 

 techniques to model trajectories and regions include 

◦ pattern mining 

◦ clustering random walks 

◦ radius of gyration 



applications
 understanding 

◦ why do people do the things they do 

 detection and recognition 

◦ events and activity 

 similarity, search, and ranking 

◦ relevant content 

◦ find nearby things to do 

 recommendation 

◦ places to go to 

 prediction 

◦ where did/will something take place



pitfalls

 timestamps, time zones and daylight savings 

◦ location and time of creation do not necessarily reflect what the data refers to 

◦ people often forget to update the clock of their device when they travel, and even when set 
to the correct time zone the current time can differ from device to device 

◦ time difference between locations can change seasonally

 errors, accuracy, specificity 

◦ it takes some time to get a satellite fix, and 
users may (un)intentionally misplace a 
media item, so don’t trust all reported 
longitude and latitude coordinates 

◦ certain coordinates act as the default 

◦ not all data refers to a specific location or 
time 



QUESTIONS?


