
Big Geospatial Data Processing  

and Analysis Developments  

in the IQmulus project 

Conference on Big Data from Space (BiDS) – ESA/ESRIN, Frascati, 12-14 November 2014 

Dániel Kristóf, Angéla Olasz 

Institute of Geodesy, Cartography and Remote 

Sensing (FÖMI), Budapest, Hungary 

Roberto Giachetta, Binh Nguyen Thai 

Eötvös Loránd University, Faculty of 

Informatics (ELTE-IK), Budapest, Hungary 



MOTIVATION 

 Current situation 

 Information in large geospatial 
datasets often exists but only 
accessed for damage assessment, 
„what went wrong?” analysis 

 Main objective 

 To enable (optimized) use of large, 
heterogeneous geo-spatial data 
sets for better decision making 
through a high-volume fusion and 
analysis platform 

 Two test scenarios: 

 Marine Spatial Planning 

 Land applications for Rapid 
Response and Territorial 
Management 
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Ajka, October 2010 



QUICK FACTS 

 Full title: „A High-Volume Fusion and Analysis Platform 
for Geospatial Point Clouds, Coverages and Volumetric 
Data Sets” 

 A 4-year Integrating Project (IP) in the area of Intelligent 
Information Management within ICT 2011.4.4 Challenge 
4: Technologies for Digital Content and Languages 

 Started on November 1, 2012, and will finish October 31, 
2016 

 Total budget: 10 147 459€, EU contribution: 8 100 000€ 
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PARTNERS 
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12 European partners from 7 countries 

university teams, applied research institutes, SMEs, national and regional 
organizations 

coordinator: SINTEF (Norway) 



STRUCTURE 
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REQUIREMENTS 
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STRUCTURE 
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INFRASTRUCTURE 
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WORKFLOW EDITOR:  

DOMAIN-SPECIFIC LANGUAGES 
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STRUCTURE 
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PROCESSING SERVICES 

Functional 

Domain-specific 

analysis, classification, feature 

extraction, surface generation, 

change detection .. 

 

The context defines the “meaning” 

and target of the analysis 

pointcloud-2-pointcloud distance 

surface normal estimation 

simplification 

critical point extraction 

curvature estimation 

..... 

Generic with respect to the context  
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PROCESSING SERVICES 
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User Story: 

„I want to quickly delineate and 
categorize flooded areas based 
on satellite/aerial imagery and 
combine it with existing spatial 
datasets to provide decision 
makers with information and 
maps for damage assessment.” 

 

Source: Consolidated user requirements, Deliverable D1.2.2 

WALK-THROUGH EXAMPLE 
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WALK-THROUGH EXAMPLE 

„As-is” situation:  
Current workflow implemented using proprietary software 

• Preprocessing of satellite images 

o Geometric transformation, reprojection 

o Cloud and cloud shadow filtering        cloud mask 

o Calibration           ToA reflectance calculation 

o Calculation of spectral indices  NDVI, NDSI, NDWI   NDxI 

• Processing – thematic classification via thresholding 

o Inputs: ToA reflectance calibrated image, spectral indices, cloud 
mask, mask of natural waters (rivers and lakes), mask of non-
eligible areas (from LPIS). 

• Result: thematic image with 
9 categories 
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EXPECTED IMPROVEMENTS 

Motivations:  

• Operational cooperation with civil protection and water authorities 

• EU-wide mapping of water bodies from HR satellite imagery 

• country-wide delineation of lakes from orthophotos 

 

• Faster, more automated processing to enable more 
iterations to improve results 

• Processing on huge areas and/or high-resolution data  

• Better use of available processing power and human 
resources 

• More interactivity to determine appropriate parameters 
(thresholds) 

• Smarter algorithms to extract relevant information more 
efficiently 
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SERVICES: PROCESSING WORKFLOW 1.0 

Services developed in cooperation with 
ELTE-IK, based on the AEGIS open-
source spatio-temporal framework 
developed there 

• Preprocessing of raster data: 
Calculates TOA reflectance. 
Automatic parameter setting for 
SPOT-5 based on metadata parser 

• Calculation of Spectral Indices: to 
calculate NDxI indices for subsequent 
classification. Band combinations are 
set automatically based on image 
metadata 

• Thematic classification of raster 
data: is used for the creation of 
thematic rasters with a pre-defined 
set of categories, based on thresholds 

• Flood and waterlogging 
classification: complex wrapper 
service that enables workflow nesting 
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WORKFLOW DESCRIPTION IN DSL 

with [Area] of recent SatelliteImage do 

 generate ThematicMap 

 colorize Waterlog [WaterlogColor] 

 visualize 

end 

with [Area] of recent SatelliteImage do 

 apply RasterDataPreprocessing 

 apply SpectralIndicesComputation 

   using si: [SpectralIndices] and wl: [WaveLengthInfo] 

   as indices 

 apply ThematicClassification 

   using indices: indices 

 apply Coloring 

   using category: Waterlog and color: [WaterlogColor] 

 visualize 

end 

• High-level DSL: 

• Low-level DSL: 

• Parsed and transformed into XML for process chaining 
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PARALLEL EXECUTION 

• The detection process can be performed pixel-wise, thus 

the operation can be performed in parallel on any part of 

the image 

 
waterlogging 

detection

source parts result parts

source feature
result feature
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EXECUTION: MAPREDUCE JOBS 

input data 

block1 

block2 

blockn 

Map1 

Map2 

Mapn 

Reduce1 

Reducem 

result1 

block3 Map3 

resultm 

MapReduce control 

HDFS control 
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MAIN RESULTS UP TO NOW 

• An architecture to accommodate services of 

heterogeneous origins and development 

background 

• Domain-Specific Languages (DSLs) to provide users 

with efficient means of workflow formulation  

• Both generic and specific processing services to 

enable distributed processing and to fulfill user 

requirements in selected use cases  

• New solutions based on a distributed, service-

oriented processing model already enable faster 

processing in those cases 
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FOCUS IN THE NEXT PERIOD 

 

• Evaluate the integrated prototype 

• Optimize performance by architectural and 

algorithmic enhancements (e.g. parallelization) 

• Provide smarter solutions in use cases already 

covered 

• Cover user needs in more and more use cases 

• Develop additional processing services 

• Construct workflows in cases already covered 

• Data partitioning (see next slide) 
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FOCUS IN THE NEXT PERIOD 

• Partitioning, storage and indexing of geospatial data 

• Spatio-temporal characteristics to be preserved – crucial in 

analysis, e.g. feature extraction 

• Binary formats become unreadable  

with default HDFS partitioning 

• Different analysis techniques require  

different partitioning strategies 

• HDFS is not tailored for this 

• Current workaround: quad-tree pre-partitioning and indexing 

by a custom utility respecting HDFS cluster size 

• To be further investigated! 
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Thank you! 

Questions? 
 

 

Dániel Kristóf 

kristof.daniel@fomi.hu 

www.fomi.hu 

www.iqmulus.eu 

Join us on LinkedIn – look for the „IQmulus” group 
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