Astronomical Data Analysis Software and Systems XXVI
ASP Conference Series, Vol. 521

Marco Molinaro, Keith Shortridge, and Fabio Pasian, eds.
©2017 Astronomical Society of the Pacific

COSMO: Using Python and Databases to Monitor HST’s Cosmic
Origins Spectrograph

Joanna M. Taylor, Justin Ely, and Mees Fix

Space Telescope Science Institute, Baltimore, MD, USA

Abstract. The Cosmic Origins Spectrograph (COS) was installed on the Hubble
Space Telescope (HST) in May 2009. COS is designed to perform high-sensitivity
medium- and low-resolution spectroscopy of astronomical objects in the far-ultraviolet
and near-ultraviolet wavelength regimes. We present an overview of a new compre-
hensive data repository, COSMO (COS MOnitoring) that is capable of automatic data
retrieval and reduction as well as monitoring the instrument through analysis of obser-
vations and telemetry. COSMO relies on a database that allows for dynamic querying
across a wide array of gathered data metrics. Calibration programs that monitor the in-
strument’s stability and behavior have been integrated with COSMO to provide timely
and accurate analysis of the COS detectors.

1. Data Retrieval and Calibration

COSMO! can be roughly divided into three components: data retrieval and calibration,
ingestion of data into the database, and instrument monitoring. COSMO utilizes the
Sphinx documentation generator for code documentation.? COSMO also uses Travis
CI, a continuous integration service that automatically builds and tests code under dif-
ferent environments.’

1.1. Data Retrieval and Calibration

All HST data are hosted on the Mikulski Archive for Space Telescope (MAST). Us-
ing SQLA1chemy, COSMO automatically determines if there are new COS data to re-
trieve by comparing the COSMO database (MySQL) to the MAST database (TSQL)
(cos_monitoring.retrieval.find_new_cos_data). New data can also be spec-
ified as any datasets missing from the local directory when compared to the MAST
database. Once missing data are identified, they are retrieved by submitting a format-
ted XML file to a MAST server cos_monitoring.retrieval.request_data. Data
are transferred to a specified local directory via SFTP. Once all data have been suc-
cessfully transferred locally, they are calibrated in parallel using the CalCOS pipeline
cos_monitoring.retrieval.manualabor. This process results in a local, up-to-
date repository of data that can be easily accessed by users within STScl. Individ-

ISee https://github.com/justincely/cos_monitoring.
2See http://cosmo.readthedocs.io.
3See https://travis-ci.org/justincely/cos_monitoring.
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ual datasets, or the entire local repository can be re-retrieved and reprocessed at will
(cos_monitoring.retrieval.reprocess).

2. Database Population

COSMO uses a MySQL database server with SQLALchemy, an object-relational map-
per. The database is broken up into different relational tables, which include header
keyword and monitoring information. Individual classes define the structure of each
table, and a general connection scheme allows for easy access to each table (cos_-
monitoring.database.db_tables). The bulk of the heavy lifting is performed in
cos_monitoring.database.database, which finds new data in the local directory
and ingests it into all applicable database tables. The database used by COSMO can
also be completely wiped, allowing for a clean ingest of all data.

3. COS Monitors

In addition to providing dynamic records of all COS data, COSMO also automati-
cally uses the database information to perform routine checks of the COS detectors.
Using packages such as astropy (Astropy Collaboration et al. 2013), numpy (Ste-
fan van der Walt & Varoquaux 2011), scipy (Jones et al. 01 ), and matplotlib
(Hunter 2007), we can track the evolution of the COS detectors. This includes mon-
itoring the gain degradation of the instrument over time, the drift of grating wheels
(optics selection mechanism), the evolution of the dark rate, and the X and Y posi-
tions of the stim pulses which correct for any shifts and stretches of the detector (see
cos_monitoring.database.database). These monitoring scripts result in refer-
ence files used during calibration. Timely instrument monitoring is crucial for optimiz-
ing the performance of the instrument and the science.

4. COSMO By The Numbers

There are currently 12 tables in the COSMO database. Wiping the database and in-
gesting the total number of COS datasets to date (341,000+) takes less than 24 hours.
COSMO formally entered this world July 10, 2015 and has 318 commits to date with
over 10,000 lines of code and counting.
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Orbital Variation in Darkrate for FUVB
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Figure 1.  The COS/FUV channel dark rate as a function of HST orbital location.
The area near (-20, 310) is the South Atlantic Anomaly.
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