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•  Advance automated event detection with SciDB to: 
•  Extend to all Hierarchical Data Format - Earth Observing 

System data models, i.e., grid, swath, and point data 
•  Synthesize data from different sources onto a common 

array representation 
•  Provide regridding to convert among data models with 

uncertainty estimate 
•  Improve the interpretability of high-dimension data by 

applying nonlinear dimensionality reduction (NDR)  
•  Track episodes of phenomena through geo-space and 

time as a continuous object-event 
•  Demonstrate DEREChOS with hydrometeorological and 

hydrological science data analysis 
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database queries, such as where and when GPM and SMAP ground tracks cross each other with-
in a given time window.  

1.3.1 Innovation 1: Trixel Indexing for Generalized Data Representation  
A fundamental consideration when representing Earth science data, which are usually 2- or 

3-dimensional in space and 1-dimensional in time, is to ensure that physically motivated searches 
can be performed efficiently. Indexing schemes that support regularly gridded data are relatively 
straightforward, but cannot be readily generalized for datasets that have less regular spatial struc-
tures such as those encountered in point and swath data. For DEREChOS we require a represen-
tation that is reasonably efficient for regular and irregular data, while perhaps not completely op-
timal for either one. We also must ensure that the representation is adequate to cover the range of 
spatial (and temporal) scales encountered in Earth science data now and in the foreseeable fu-
ture.    At least one current orbiting instrument is able to provide data at resolutions down to 1.5 
meters (SPOT3).   Adjacent scan lines are ~1ms apart for many instruments. 

Because time, as a coordinate, is independent of the other coordinates, it has a natural 1-
dimensional indexing scheme. There are about three trillion milliseconds in one hundred years. 
To create a time index at this resolution and range requires only 42 bits, well within the 64 bits 
normally used in SciDB's dimension arrays. However, indexing is more complicated on the 
globe for which there is no natural one-dimensional ordering of geolocations.  This issue is anal-
ogous to the theorem that “one cannot comb the hair on a sphere” (also referred to as “the hairy 
ball theorem”) (Eisenberg and Guy 1979). 

Data taken by satellite in swath form are essentially ordered by time. Due to the satellite’s 
orbital trajectory and scanning geometry with respect to Earth, the distribution of the pixels in 
the swath does not conform to a regular grid. Thus, even though the data are usually contained in 
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Figure 1 Schematic of DEREChOS architecture. 
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•  Demonstrated DEREChOS to restructure datasets with different grid characteristics 
•  Created intersection of TRMM (4km resolution) and National Mosaic and Multi-sensor Quantitative Precipitation Estimate (NMQ) 

(1km resolution) datasets 
•  Winter blizzard events Dec. 2009 to Feb. 2010 

•  Re-implemented Moving Object Database with Spatiotemporal Adaptive-Resolution Encoding (STARE) 
•  Enables event-based queries  
•  Improves performance of analysis by allowing all data for same spatiotemporal subspace to reside on same node 
•  Includes fully developed Hierarchical Triangular Mesh (HTM) for spatial indexing down to ~1m linear resolution 
•  Developed hierarchical temporal indexing 

•  Implemented Event-based Virtual Collection (EVC) Portal 
•  Interactive means to visualize and explore events with Google maps as backdrop 

•  Developed re-gridding infrastructure using flux conservative method enabling cross-dataset analysis 


