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Project Matsu: 
analysis of earth science data and data products  



•  Matsu,	  or	  Mazu,	  is	  a	  goddess	  of	  the	  sea	  said	  to	  protect	  
fishermen	  and	  sailors.	  	  

•  Ini9ally	  formed	  in	  response	  to	  the	  2010	  Hai9	  earthquake,	  
the	  name	  was	  chosen	  in	  the	  spirit	  of	  aiding	  those	  in	  need.	  

•  A	  collabora9on	  between	  members	  of	  the	  Open	  Cloud	  
Consor9um,	  NASA	  (lead,	  Dan	  Mandl	  at	  NASA	  GSFC),	  and	  
others	  like	  the	  Namibian	  Department	  of	  Hydrology,	  
involved	  with	  NASA’s	  SensorWeb.	  

•  Turning	  earth	  science	  observa9ons	  into	  knowledge	  and	  
informa9on.	  	  

Project Matsu 

Maria	  Pa'erson	  	  (mtpa'er@uchicago.edu)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Center	  for	  Data	  Intensive	  Science,	  University	  of	  Chicago	  



Earth Observing-1 (EO-1) 
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§  Earth	  Observing-‐1	  launched	  in	  Nov	  2000	  as	  a	  one	  year	  mission.	  
§  The	  OSDC	  is	  used	  by	  NASA	  to	  process	  Earth	  Observing	  1	  (EO-‐1)	  satellite	  

imagery	  from	  	  
§  Advanced	  Land	  Imager	  (ALI)	  

§  9	  simultaneous	  wavelength	  bands	  from	  0.48−2.35	  µm	  with	  30-‐
meter	  resolu9on	  plus	  a	  panchroma9c	  band	  with	  higher	  10-‐meter	  
spa9al	  resolu9on	  

§  	  37	  km	  x	  42	  km	  
§  Compare	  to	  Landsat	  7	  	  

§  Hyperion	  imaging	  spectrometer	  
§  242	  wavelength	  bands	  0.357−2.576	  µm	  with	  10-‐nm	  bandwidth	  
§  7.7	  km	  x	  42	  km	  
	  

	  



Hyperspectral satellite image data - Hyperion 
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Processing	  and	  serving	  data	  
•  Genera9ng	  (EO-‐1)	  satellite	  L1	  

and	  L2	  data	  
•  Web	  Coverage	  Processing	  

Service	  for	  individual	  scenes	  
•  Hadoop-‐based	  Matsu	  “Wheel”	  

of	  analy9cs	  for	  processing	  all	  
daily	  scenes	  

Turning earth science 
observations into 

actionable information 

	  
Aggrega:ng	  and	  displaying	  data	  products	  
•  Namibia	  flood	  dashboard	  
•  Matsu	  “Wheel”	  analy9c	  reports	  
•  Web	  Map	  Service	  to	  publish	  data	  to	  an	  

Open	  Geosocial	  API	  
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NASA	  researchers	  
process	  EO-‐1	  on	  
OSDC	  virtual	  
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Available images for Level 1 EO-1 scenes 
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matsu-analytics.opensciencedatacloud.org/AvailableImages/
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Matsu Analytic Wheel 
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•  The	  Wheel	  “watches”	  for	  new	  data	  to	  become	  available,	  
using	  Apache	  Storm.	  

•  When	  new	  data	  are	  detected,	  loaded	  into	  Hadoop’s	  
distributed	  file	  system	  for	  analysis	  using	  MapReduce.	  

•  The	  Wheel	  analy9cs	  run	  each	  night,	  daily	  reports	  available	  
the	  morning	  acer	  data	  are	  received.	  
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Matsu Analytic “Wheel” 
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Hadoop-based analytics 



Hadoop-based analytics 

Maria	  Pa'erson	  	  (mtpa'er@uchicago.edu)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Center	  for	  Data	  Intensive	  Science,	  University	  of	  Chicago	  



Hadoop-based analytics 
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SVM-based land cover classifier 
Support vector machine model to predict 
new data based on training set data 
 
 
 
 
 

 
 
§  Classifier Mapper

// Key: Scene; Value: pixels in scene
for each pixel p in value:
    landclass = svm.predict(p)
    emit(p, landclass)
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Wheel analytic:  
SVM-based land cover classifier 
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Matsu “Wheel” Spectral Anomaly Detector 
§  “Contours and Clusters” – looks for physical contours around 

spectral clusters 
§  PCA analysis applied to the set of reflectivity values (spectra) 

for every pixel, and the top 5 components are extracted for 
further analysis. 

§  Pixels are clustered in the transformed 5-D spectral space 
using a k-means clustering algorithm. 

§  For each image, k = 50 spectral clusters are formed and 
ranked from most to least extreme using the Mahalanobis 
distance of the cluster from the spectral center. 

§  For each spectral cluster, adjacent pixels are grouped together 
into contiguous objects. 

 
à returns geographic regions of spectral anomalies that are scored 
again as anomalous (0 least , 1000 most) compared to a set of 
“normal” spectra, constructed for comparison over a baseline of time 
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Spectral anomaly detected:  
Nishinoshima active volcano, Dec, 2014 



Spectral anomaly detected:  
Barren Island active volcano, Feb, 2014 



Spectral anomaly detected:  
North Sentinel Island fires, May, 2014 



Spectral anomaly detected:  
North Sentinel Island fires, May, 2014 
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Namibia Flood Dashboard 
Flood and waterborne disease risk management in Southern Africa 

 
 matsu-namibiaflood.opensciencedatacloud.org
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Namibia Flood Dashboard 
Flood and waterborne disease risk management in Southern Africa 

 - landcover classifier wheel analytic 
 

matsu-namibiaflood.opensciencedatacloud.org
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Sample code on OSDC 


