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1. Introduction

Deliverables 7.7 (R.2) and 3.11 (R.1) discuss offline experiments and outline possible uses and methodology. The 
tools outlined in section 2 of this document are the beginning of the web components for community experiments. 
Details of online and offline experiments can be found in deliverables 8.1 (R.3) and 8.2 (R.4) respectively. 

Community  experiments  are  primarily  offline  experiments  in  that  they  use  archive  data,  rather  than  directly 
making use of the GLORIA network of telescopes. More specifically, they are best deployed when it is necessary  
or desirable for multiple volunteers to interact with the same image or other data set, producing ‘crowdsourced’  
results or classifications. 

2. Example Community Experiments

2.1.  All-Sky Transient Detection

Concept: using subtracted data from all-sky cameras, and from the GLORIA network, users draw lines and circles 
to mark places where transient events occur.

Examples:

• Detection of meteors and fireballs, with measurements of size and intensity.

• Tracking of satellites and planes to provide data that may allow for their removal in other data.

• Tracking planets as they move across the sky (e.g. could be an educational experiment)

2.2.  Multi-wavelength Image Correlation

Concept: ask users to compare images of the same region at different wavelengths to provide cross-matching of 
sources and associated metadata.

Examples:

• Asking users to align data from radio telescopes and optical telescopes to allow closer examination of 
complementary features such as radio jets from galaxies.

• Cross-matching solar images taken in different filters to adjust for variations in resolution and/or image 
resolution  from  different  instruments.  This  might  be  used,  for  example,  for  measurement  of  the 
differential rotation. 

2.3.  Morphological Classification

Concept: ask users to provide data about the shape or form of objects that computers cannot be used to identify.  
The result is a powerful catalogue of metadata about the objects classified. Images could be galaxies or star  
clusters, or even just a catalogue of ‘orphaned’ images on the GLORIA network - data that was taken but where a 
user has forgotten what it displays or what region it is from.

Examples:

• Galaxy Zoo, the longest-running Zooniverse project (http://galaxyzoo.org) is a morphological community 
experiment, which could just as easily use data from GLORIA as it currently does from the Hubble Space 
Telescope.

• Visual descriptions of objects, such as nebulae or star clusters, could be a useful classification exercise for  
the network.

• The classification of objects identified as unusual is essential in dividing the truly unusual and interesting  
from mere artefacts. 

• Identifying orphaned images using an astrometry.net-style technique could be powerfully combined with 
human classification to locate missing or unused data on the network.
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2.4.  Light Curve Analysis

Concept: volunteers could be asked to mark features in lightcurve data from the GLORIA network. These might 
include transiting exoplanets, repeated variability in pulsating stars, stellar flares or other human-recognisable  
patterns, that computers may miss.

Example:

• The development of this experiment would build on the Zooniverse’s Planet Hunters project 
(http://planethunters.org) (led by a team including GLORIA team members Robert Simpson and Chris 
Lintott), which has shown this is a viable approach. The Planet Hunters team recently announced an 
independent exoplanet discovery (in a quadruple star-system!) called PH1 
(http://blog.planethunters.org/2012/10/15/ph1-a-planet-in-a-four-star-system/).

3. Test of API performance and robustness

Our deliverables and milestones revolve around building online, offline and community experiments using data 
from GLORIA. While  data  from the network is  not  yet  available,  our approach has been to  build prototype 
projects and tools using data that is already available, from all-sky cameras, solar telescopes and astronomical 
archives.  This allows the development, deployment and testing of tools that comprise a generalised tool for doing  
similar community experiments with the GLORIA community.

The GLORIA network’s API will allow interaction with the network’s database. In the example that follows data  
is requested, and results stored, via API calls. The web application itself is thus completely generalisable; in the 
meantime, the example provides a project which will : (a) Produce data of scientific value, (b) provide us with 
experience in  exposing our tools to  large numbers of  volunteers drawn from the Zooniverse community and 
beyond (as we have argued in R.4, the Zooniverse audience, who are science attentive but not yet science seeking,  
are a good model for our future GLORIA audience), and (c) build an audience who will be eager to participate in  
the GLORIA community. 

Before building an example project, it was necessary to check that the API we adopted was sufficiently robust. In 
particular, as these projects rely on volunteers viewing many images in sequence it is important not to introduce a  
delay in posting classifications and receiving the next image. The implementation of the API which will be used in  
GLORIA community  experiments  was  first  used  in  the  relaunch  of  the  Zooniverse  Galaxy  Zoo  project 
(www.galaxyzoo.org), which also makes substantial use of client side processing of the kind we expect to use for 
GLORIA (see R.3 and R.5).

The new Galaxy Zoo was launched in September 2012, with substantial media attention and an email to the more  
than 500,000 Zooniverse subscribers, providing an excellent scalable test of the new software. The API performed 
excellently,  with  a  peak of  over 500 requests  per  minute  easily  supported without  noticeable  degradation  of 
performance. more than 1,000,000 galaxy classifications were gathered in the first week. In the six weeks after it  
launched the site experienced no down time. It  has delivered 500,000 pageviews to 150,000 unique visitors,  
resulting in 1.9 years of total human attention for the Galaxy Zoo project (it would take a researcher some 6 years  
to achieve the same, working nine-to-five all year).

While Galaxy Zoo uses real astronomical data in attempting to produce scientific results, drawing images from 
several  dedicated multi-year surveys, it  is not a good analogue for the kinds of research that  would be most  
effectively carried out by GLORIA telescopes. The next step is to implement the same system in support of a more 
GLORIA-like task, and this is described in the next section. 

4. Example Community Experiment: the Andromeda Project

The main classification interface shows an image from an Hubble space telescope survey of M31, the Andromeda 
Galaxy, and asks users to mark circles and lines. These annotations are then delivered back to the Zooniverse API  
where they are stored with appropriate metadata for use by the science team later.
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Figure 1: Andromeda Project Homepage

Figure 2: Andromeda Project Main Classification Interface

The application itself is built from HTML, Javascript and CSS using modern technologies to deliver an extremely 
fast and fluid user experience. The application is API agnostic and can easily be adapted to receive images from a 
GLORIA API and to deliver results to the GLORIA API. 

The drawing tools themselves can also be adapted so that any marking task can be accommodated. In the case of  
the all-sky camera task of spotting transient objects, marking circles and lines should be sufficient. For marking 
sun spots or tracking solar rotation it might be that new tools are required.
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Figure 3: Andromeda Project Main Classification Interface

An ‘alpha’ version is currently available at 
http://www.andromedaproject.org.s3.amazonaws.com/alpha/index.html#!/classify

5. Designing for the General Public

The Liferay environment, and GLORIA website tools, are aimed at telescope and GLORIA network users.  To be 
able to derive statistically useful results from crowdsourced, community experiments the general public beyond 
the network needs to be engaged.

The Zooniverse (http://www.zooniverse.org) is a platform for crowd-sourcing the analysis of scientific data by the 
public, via a web browser. Zooniverse projects typically allow the general public to participate in research by 
engaging their assistance in the data reduction or analysis step of the work.

To maximise public attention, Zooniverse sites are easy to use, quick to understand and accessible to a wide range  
of web users. The Zooniverse’s most popular sites are those where simple tasks are presented in an easy-to-
understand way, and where the scientific goal is clear.

The results of community-based experiments rely on the statistical combination of the efforts of many different  
people. The Zooniverse’s Galaxy Zoo project received more than 1,000 visitors each day in September 2012. It is  
partly because of Galaxy Zoo’s popularity that it can produce results in a reasonable timescale. 

For GLORIA to produce useful scientific results from community experiments, it will be necessary to engage  
more than just the members of the GLORIA network. As such it is important not only that sites can be accessed 
independently of the main GLORIA site (see next section) but that they be accessible in the sense that they are 
streamlined and simple when seen for the first time by an inexperienced user. 

Good design and user interface elements are important when dealing with the public. Using standard Liferay  
components may not be enough to attract the attention of the public when there is competition from other similar  
sites,  and from the rest of  the web in general.The main GLORIA environment will  also be complex,  with a 
multitude of tools available for those which which to design and implement online and offline experiments. Rather 
than confuse the large number of new users expected to participate in a community experiment (and indeed, which 
are required to make such an experiment a success) we envisage community experiments acting as standalone 
‘microsites’, with participation possible after a brief tutorial accessible easily from a light-weight home page.  
These projects,  which will  attract  their  own audience,  can then be used as ‘gateways to  GLORIA’,  as more  
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advanced users naturally move beyond simple clicking and look to interact with data and telescopes in more and  
more complex ways. 

6. APIs and Community Experiments

The GLORIA database and network will be accessible via an Application Programmatic Interface (API) that will  
allow external sites to access and deliver data to the system. This means that the framework of the Andromeda 
Project can be repurposed easily for a future GLORIA community project when the system is ready.

Producing a high-quality example community experiment, which is open sourced, will be important not only as a 
tool for raising awareness of GLORIA, but also for providing a desirable example to other users of the network 
who may one day wish to run similar experiments with GLORIA data. 

7. Future Work

Our first priority will be to implement the all-sky transient experiment briefly outlined above, will be built using  
the same code used for the Andromeda Project. Full testing of the Andromeda Project with a large audience is  
expected over the next few months. Although it will not link to the GLORIA API initially, it will use data from a  
GLORIA telescope (for more information, see here: http://spie.org/x8487.xml).  
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