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Tool for System Science
• If we are going to integrate the full array of space science 

measurements then we need a common ground for all instruments 
and an implementation of the process of space science analysis 

• Package with support for common problems 
• Downloading 
• Organizing Files 
• Loading 
• Cleaning 
• Modifying/Processing 
• Exploit routines from other packages 
• Instrument specific analysis 
• Instrument independent analysis 

• Support for a variety of unique datasets and processing chains 

• Web Tour - Python 2/3 Compatible!!



Short History
• pysat was forged in the fires of the C/NOFS mission 

• Began life in IDL as a GUI 

• Lack of behind the scenes capabilities prompted a 
refactor of the back end 

• Attended scipy 2012 in Austin, TX - Refactored into 
Python immediately after 

• Goals expanded with capabilities 

• Feature set and structure reflects my scientific 
requirements for space science 



Since Last Update
• IVM processing for the upcoming ICON and 

COSMIC-2 Missions runs on top of pysat 

• pysat runs at UC Berkeley, UCAR, UTD, and … 

• Officially speaking lots of money depends upon 
pysat 

• Added significant unit testing coverage: 80% 

• Added additional instruments



Installation
• pip install pysat 

• Support for system science 

• or, python setup.py install 

• pip install pysatCDF 

• Support for NASA’s CDF library, includes 
everything you need including NASA’s CDF 
library 

• Going to pursue inclusion into Enthought 
Repository





What is pysat again?

Process of Space Science Data Analysis  
Implemented like a music recording signal chain 

 Currently 1 channel - no automatic mixing



C/NOFS IVM

Data is preliminary
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C/NOFS IVM by Orbit



ROCSAT



ROCSAT



C/NOFS VEFI

Full Code in Demo Area of Repo



COSMIC and IVM Demo

• def, etc. 

• download has password 

• plot altitude sweep 

• Andrea’s poster
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W. B. Hanson Center for Space Sciences 
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Abstract
We are building a data based model of polar convection using ion drift 
measurements from SuperDARN and DMSP as well as space weather indices from 
OMNI. Data from each of these platforms is processed and combined onto a 
common grid using the Python Satellite Data Analysis Toolkit (pysat) with support 
from DavitPy. These combined measurements are analyzed using Data Interpolating 
Orthogonal Functions (DINEOFs), a method that produces a set of basis functions 
that optimally reproduce the input data. The DINEOF technique has been modified 
to accommodate LOS measurements of convection into the process, greatly 
expanding the amount of available data. Even so, data coverage remains near or 
below 8% when using the standard SuperDARN polar grid.

The goal is to ingest a solar cycle of these measurements and produce a best 
estimate of convection over the whole polar ionosphere. Results from more limited 
runs are shown here. A large suite of unit tests are being developed to ensure the 
accuracy of the process as the quantity of ingested data increases. Pysat now has 
over 440 tests. Results from data model unit tests are below.

Data Interpolating Empirical Orthogonal Functions
DINEOFs are a data based method for isolating and exploring variations within a 
data set. These variations are condensed into a limited set of basis functions with 
corresponding amplitudes in time that best reproduce the long term data set. Unit 
test runs are shown below. The left column top shows a slice of scalar data with 
gaps presented to DINEOFs. This slice is one of many. The reconstruction from 
DINEOFs is shown in the right column. The bottom row covers (left) input vector 
measurement data, most of which are LOS measurements. On the bottom right is 
the reconstruction. Errors and LOS directions are random. The performance of the 
process is established through comparison to the original simulation.
 

Figure 2: (Top) Single slices of a series of 2D vector fields with a percentage of data missing. Random errors 
are added to remaining data. In addition, some vectors are ‘measured’ along a Line of sight, similar to the 
operation of SuperDARN.  (Bottom) The DINEOF reconstruction of the input data set where all gaps are filled.
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Missing Data Input Data 
Error

Reconstructed 
Data Error

50% 10% 0.25%
75% 10% 0.5%
90% 10% 0.75%
93% 10% 2%
93% 20% 5.5%
93% 30% 8.2%

Table 1: Error characterization of DINEOFs using scalar data 
as in Figure 1. Note that the reconstructed data set has an 
error that is less than the original input data set.

Missing 
Data

Partial 
Drifts

Input 
Error

Reconstruction 
Error

93% 5.5% 10% 3%

Table 2: Error characterization of DINEOFs using vector data 
as in Figure 2, where some of the vectors only have partial 
information. Note that the reconstructed data set has an error 
that is less than the original input data set.

Northern Polar Hemisphere Convection
DMSP F13: Orbit - by - Orbit

Figure 3: (Left) Single orbital pass from DMSP F13 in early January, 2001.  (Right) DINEOF 
reconstruction of polar ion convection. The distribution of reconstructed points is limited here 
to the areas measured by F13 over the input data set.

Figure 6: (Top, Middle, Bottom) Input (green) and DINEOF (blue) IMF parameters from the 
OMNI dataset. IMF is normalized at each time by its total magnitude producing an IMF unit 
direction. The reconstruction follows the inputs closely.

Figure 7: Solar Wind velocity along the anti-sunward direction. The input data (green) is 
closely matched by the DINEOF reconstruction (blue), demonstrating the model is capturing 
these variations.

Figure 8: sym-h index at 1-minute resolution characterizing disturbances in the geomagnetic 
field. The input data (green) is closely matched by the DINEOF reconstruction (blue), 
demonstrating the model is capturing these variations.
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Top Left - Single orbital pass from DMSP F13 on Jan. 3rd, 2001 6:36 - 6:50. 
Top Right - DINEOF reconstruction using 30 days of orbit by orbit F13 data.
Middle Right - SuperDARN data during the same event.
Middle Left - DINEOF reconstruction using 9 days of SuperDARN data.
Bottom Left - IMF unit vector, measurements and DINEOF reconstruction. DINEOF 

is responding to provided indices.
Bottom Right - Sym-H, index and reconstruction.



Future
• Transition to a hybrid Pandas/Xarray data model 

• Expected to be backwards compatible 

• Update metadata to be practical but careful about 
handling case 

• Polish 

• Submitted proposal about extending this type of 
functionality to constellations - collections of instruments 
that can acted upon as one - multichannel audio mixer


