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a b s t r a c t

We have developed a crowdsourcing web application for image quality control employed by the Dark
Energy Survey. Dubbed the ‘‘DES exposure checker’’, it renders science-grade images directly to a web
browser and allows users to mark problematic features from a set of predefined classes. Users can also
generate custom labels and thus help identify previously unknown problem classes. User reports are
fed back to hardware and software experts to help mitigate and eliminate recognized issues. We report
on the implementation of the application and our experience with its over 100 users, the majority of
which are professional or prospective astronomers but not datamanagement experts. We discuss aspects
of user training and engagement, and demonstrate how problem reports have been pivotal to rapidly
correct artifacts which would likely have been too subtle or infrequent to be recognized otherwise. We
conclude with a number of important lessons learned, suggest possible improvements, and recommend
this collective exploratory approach for future astronomical surveys or other extensive data sets with a
sufficiently large user base. We also release open-source code of the web application and host an online
demo version at http://des-exp-checker.pmelchior.net.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Large astronomical surveys produce vast amounts of data for
increasingly demanding science applications. At the same time,
the complexity of the instruments, operations, and the subsequent
data analyses renders glitches and flaws inevitable, particularly
during the early phases of experiments. Thus, mechanisms that
facilitate the discovery and reporting of problems in the data,
whether they originate from unexpected instrumental behavior or
insufficient treatment in software, are important components of a
data quality program. Due to the often unexpected nature of these
features, algorithmic approaches to identify artifacts are generally
infeasible and human inspection remains necessary. Human-
generated reports can thenbe fed back to algorithmdevelopers and
hardware experts to mitigate and eliminate problems whenever
possible. For current and upcoming surveys, the demands of
carefully inspecting sizable portions of the data volume exceed the
capabilities of individual, or a small team of, data management
experts.

Crowdsourcing has seen tremendous success in the past few
years in many applications where a critical task cannot be
performed by computers but where the amount of data to be
gathered, processed, or analyzed exceeds the capabilities of even
the most dedicated human. Examples can be found in non-profit,
academic, commercial, or activist settings. In astronomy, one of the
first implementations of crowdsourcing was to gather information
about the 1833 Leonid meteor storm (Olmsted, 1834a,b; Littmann
and Suomela, 2014). In recent years, widespread access to the
internet has made such efforts easier to realize, allowing for larger
crowds and quicker turnaround of results. The preeminent early
adopter of this web-based mode of operations is the Galaxy Zoo
project (Lintott et al., 2008), designed to visually classify the
morphology of galaxies from the Sloan Digital Sky Survey (York
et al., 2000). Galaxy Zoo has led to Zooniverse,1 currently the
largest online portal for citizen science projects. At the time
of writing, Zooniverse findings have been published in over 80
articles across several disciplines of science.

We have built a web-based crowdsourcing application for
image quality control for the Dark Energy Survey (DES; Dark
Energy Survey Collaboration, 2005).2 DES is a 5000 deg2 survey

1 https://www.zooniverse.org/.
2 http://www.darkenergysurvey.org.

in five photometric bands (grizY ) operating from the Blanco 4 m
telescope at the Cerro Tololo Inter-American Observatory (CTIO).
Its 570 megapixel imager DECam (Flaugher et al., 2015) comprises
62 science CCDs (2048 × 4096 pixels) and 12 focus and guiding
CCDs (2048×2048 pixels), covering a roughly hexagonal footprint
of 3 deg2. Each region of the survey footprint will be observed 10
times in each band over the course of five years. The total number
of exposures is thus expected to be approximately 105, with a data
volume in science images of order 100 TB. An overview of the data
processing and management pipeline (DESDM) is given by Mohr
et al. (2012) and Desai et al. (2012).

The application, dubbed the ‘‘DES exposure checker’’, is geared
for a professional user base of several hundred scientists and seeks
to identify flaws in the DES images that will be used for most
science analyses. Problems discovered with this application can
then be fixed in hardware or in subsequent data processing runs.
Our approach ties in with other quality control efforts, which
automatically analyze the latest exposures and flag cases of e.g. bad
observing conditions (Honscheid et al., 2012; Diehl et al., 2014),
and allow the inspection of final coadded data products, both
images and object catalogs (Balbinot et al., 2012). Our concept
profits from the experience of a prior ad hoc crowdsourcing effort
in DES. During the so-called Science Verification phase in 2012,
flaws in DES imaging have been identified by a small ‘‘eyeball
squad’’, whose reports were relayed to DES operations and data
management experts on a daily basis.While essential to improving
the performance of the instrument during this early phase, the
effort did not scale well with the increasing number of incoming
images. In the remainder of this paper, we will show how to create
a scalable solution to data quality control by providing an engaging
user experience, while simultaneously maximizing the utility of
the report collection. The reports resulting from the DES exposure
checker have already been used to inform the modification of
existing algorithms, the development of new algorithms, and a
general improvement the quality of the DES data.

Concept

For many crowdsourcing applications, classification is the
critical task performed by humans. Specifically, which class, of a
predefined set, does a given test object belong to? To render this
question accessible to as wide an audience as possible, the task
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