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MOTIVATION 

•  Large amount of geospatial data available 

Mapping services Web 2.0 based collaborative projects 

Traditional geospatial data sources 

Raster Maps 
KML Layers 

Online data sources 

Phonebooks 

Property Records 



USING THE DATA TO 
UNDERSTAND A REGION 

•  To fully exploit these diverse geospatial data 
sources, we need a framework that provides an 
interactive and integrated approach to: 
— data integration tasks that involve gathering the geospatial data 

from these sources 
— geospatial reasoning processes that can infer new knowledge by 

applying various reasoning methods 

After Before 

Example result: 



OpenStreetMap 

DATA RETRIEVAL 

•  The data retrieval tasks involve gathering the available 
geospatial data 

Street vector data as KML layer 

Phonebook website Phonebook data as XML file 



GEOSPATIAL 
REASONING PROCESSES 

•  Geospatial reasoning processes infer new and useful 
knowledge about a region by applying various reasoning 
methods over the integrated data.  

Examples: 

Extraction of road layers and text labels from raster map (Chiang et al. 2010) 

Automatic conflating road vector data with orthoimagery (Chen et al. 2006) 



A FRAMEWORK FOR 
INTEGRATING AND REASONING 

ABOUT GEOSPATIAL DATA 

•  Various geospatial layers are integrated on top of a base layer, 
such as the satellite imagery for a given area 

•  The system imports other data into the system and converts 
them into a uniform representation: 
—  This uniform approach hides the heterogeneity present in the input data 

formats 
•  The reasoning methods exploit the integrated data 

—  Supports interoperability of the reasoning methods on the input data  
•  Results are presented on a map or image using this 

framework  



EXAMPLE: 
IDENTIFY BUILDINGS IN 

SATELLITE IMAGERY 

•  Problem: Identify the address associated with each 
building that can be identified in the satellite imagery. 

Before  After 

•  Approach:  
—  Identify the street vector data, building locations and the phonebook data for 

the given area (data retrieval task) 
—  Reasoning using a CSP over the data to generate a mapping between the 

addresses and building locations (geospatial reasoning task) 



PROBLEM: IDENTIFY BUILDINGS 
IN SATELLITE IMAGERY 

•  CSP Model formulation for building identification problem 

—  V  is a set of variables, V = {V1,V2,…,Vn} 
—  D  is a set of variable domains (domain values)   

     D  = {DV1,DV2,…,DVn} 
—  C  is a set of constraints, C = {C1,C2,…,Cl} 

 CVa,Vb,…,Vi = {(x,y,…,z)} ⊆ DVa x DVb x…x DVi 

BID PROBLEM 
Set of Buildings 

Set of Addresses 

Set of Constraints 
E.g. Addresses increases  
West 

[Michalowski & 
Knoblock 2005] 



INFOFUSE 
INTEGRATION SOFTWARE 



SELECT AN AREA 



IDENTIFY THE STREETS IN IMAGE 
METHOD 1: INTERACTIVELY DRAW THE 

STREETS OVER IMAGE 

•  asdasd 



IDENTIFY THE STREETS IN IMAGE 
METHOD 2: IMPORT OPENSTREETMAP 

DATA 



IDENTIFY THE BUILDING LOCATIONS 
METHOD 1: MANUALLY IDENTIFY THE POINTS 



IDENTIFY THE BUILDING LOCATIONS 
METHOD 2: IMPORT AN EXISTING KML LAYER 



  InfoFuse uses software wrappers to extract yellow pages and white 
pages phonebook data for all the streets in a given region 

  The extracted data is linked with the road vector data, and made 
available for viewing  

EXTRACT AND LINK BUILDING 
ADDRESSES TO ROADS 

Sample white pages data Sample yellow pages data 



IDENTIFY THE INTERSECTION 
BUILDINGS 



APPLY CSP REASONING TO MAP 
ADDRESSES TO THE BUILDINGS 



AMBIGUITY IN MAPPING DUE TO 
UNCERTAINTY IN INPUT DATA 



Yellow pages contains the website  
address for the business  

EXPLOIT MAPS FOR 
DISAMBIGUATION 

Business websites contain maps to depict 
their location.  

Maps can be visually interpreted to 
determine the exact address 

MapFinder service (Goel et al. 08) is used to 
classify the images as maps or non-maps  



USER MANUALLY ENTERS THE 
ADDRESS TO RESOLVE AMBIGUITY 



RESULTS PROPAGATED TO  
FURTHER REDUCE AMBIGUITY 



DISCUSSION 

•  Described initial work on interactively retrieving, 
integrating, and reasoning about about geospatial 
data 

•  Developing a general information fusion framework 
that can be applied to a variety of tasks 
— Rapid integration of new data sources 
— Incorporation of new reasoning methods that can 

interoperate on the available data 
— User control of the integration process 
— Visualization of the results to provide immediate feedback 


