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Introduction:  The requirements-driven Science 
Processing and Operations Center (SPOC) for the 
OSIRIS-REx mission is tasked with intake of all data 
from the spacecraft and other ground sources, and as-
similating this data in to a single comprehensive sys-
tem for processing and presentation.  Given an attenu-
ated timeline and a clean slate, the SPOC had no 
choice but to embrace existing commercial and open-
source technologies for the task.  The challenge, then, 
was one that began with recognizing the talents of 
available personnel and laying down an agile frame-
work, design patterns, and methodologies to shepherd 
design and development.  The end result is a live sys-
tem with multiple levels of validation, both automated 
and manual, paired with rapid updates and deploy-
ments, to process all telemetry in a robust and reliable 
manner. 

Methods:  Implementing an architecture for a 
comprehensive SPOC involves technologies on all 
levels.  GIT was chosen for software configuration 
management.  The "Git Flow" process, as implemented 
within Atlassian's BitBucket, is the arbiter of the pro-
cess, along with important integration of Atlassian's 
Bamboo, an automated testing harness.   

  The SPOC architecture utilizes a database to 
maintain the state of all data - be they raw buffers, de-
composed bitfield values, or calibrated engineering 
values - through image buffers and spectra.  Oracle 
was chosen for its existing management and query 
optimization console as well as its dedicated adminis-
trative support and GIS capability.  An Oracle database 
was used for all non-GIT configuration management 
tasks, including kernel handling and reprocessing state. 

Many open-source technologies were also em-
ployed.  The primary programming language was 
NodeJS.  FITS and HDF5 file manipulation and spatial 
calculations with SPICE were all engineered vis á vis a 
C++ native bridge, a feature of the NodeJS environ-
ment.  The runloop built into NodeJS allows the SPOC 
to execute any number of file, process, or network 
tasks asynchronously without barriers and semaphores. 

For presentation of engineering and science data, 
the web framework Angular JS was used.  Many open-
source plug-ins are also used for display and user inter-
face management.  Data are also available via an https 
API (Application Programmer's Interface) that enables 
users to query all values from all tables and columns 
indirectly related to their data. 

   

  The first two stages, or "levels", of science pro-
cessing to calibrate and validate science data are im-
plemented by instrument teams in head-less tools au-
thored in IDL, Matlab, or C/C++.  These are executed 
through a simple system interface from NodeJS where 
results are culled into the database for configuration 
management and later retrieval. 

  The third level of science processing for images 
and altimetry data is a hands-on process executed on 
SPOC hardware with a predefined configuration.  The 
level-3 science code is under configuration manage-
ment at the SPOC, and, when executed, maintains 
provenance with log files, which are submitted back to 
the SPOC database with the data product. 

  The fourth level of science processing involves 
applying dozens of algorithms to combine and recom-
bine level-3 products to produce vector maps that will 
inform the sample-site selection decision for the 
OSIRIS-REx mission.  Map algorithms are pro-
grammed in NodeJS, Matlab or C++. 

Discussion:    For the OSIRIS-REx mission, ten in-
struments-worth of data generates over 1,300 (raw) 
digital numbers, not including the science data derived 
from these intruments.  Many of these values need to 
be converted or calibrated at least once, sometimes 
twice, if chained.  Even with the best of intentions, 
collating, filing, and documenting all of these values, 
and keeping up with changes, is a herculean task.  The 
data formats, as first presented, were wrought with 
errors.  To organize all data and their uses, a Global 
Specification[1] (GS) was invented.   

  While some frameworks may have a piece of 
JSON or XML to link a database to a user interface, 
we created a GS that links every action to every bit of 
data from telemetry, from conversions, alarms, data-
base, reassembly, pointing, display, API options, 
through to the PDS label, including the documentation 
itself.  Algorithms that manipulate data need only to 
behave like generalized solutions by dereferencing the 
GS.  With a GS, there is no need to inline idiosyncra-
sies in code.  Furthermore, as specific data formats are 
redefined, we needed only to update the Global Speci-
fication and re-process any results downstream. 

  There are many approaches to automated pro-
cessing on other missions.  Some involve dozens or 
hundreds of independent scripts and computational 
units to usher data to their final destinations, all sched-
uled within the operating system.  While it is inevitable 
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that some utilities will require single-tasked scripts, 
instead, the SPOC architecture is mostly monolithic. 

  A monolithic architecture implies re-use of code 
across functional units to reduce redundancy and im-
prove reliability.  For example, a "SPICE kernels mod-
ule" may be imported and used in any other SPOC 
module when a metakernel is required.  A monolithic 
architecture also enforces a single design pattern and 
style to improve consistency across a large develop-
ment team. 

Conclusion:  The SPOC has been live since launch 
of OSIRIS-Rex in September of 2016.  We are pleased 
to report that the architecture has indeed been agile.  
Updates, including bug fixes, are applied twice month-
ly after automated and manual testing.   

  Development is not done, however.  Many tasks 
remain, including visualization, data previews, auto-
mated processing of spectral level-3 products and oth-
ers. 
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