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ABSTRACT

This demo presents AstroShelf, our on-going effort to emaltro-
physicists to collaboratively investigate celestial atgefrom data
originating from multiple sky surveys. The AstroShelf fiein
combines database and data stream, workflow and visualizati
technologies to provide means for querying and displayeig-t
scope images (in a Google Sky manner), visualizations aftepa
data, and creating annotations. A key feature are Live Aatioots
which are the detection, ranking and delivery of events oo
tions to users in real-time, based on their profile. We dernates
how the user interaction, as well as the inner workings ofroon-
itoring platform and ranking algorithms.

1. INTRODUCTION

The growing onslaught of astronomical data available prsse
a great challenge. Astronomy lacks an easy-to-use andbéeala
way to collect and distribute expert information about otgerom
datasets of tens of thousands to billions of individual évesnd
objects. Over the next decade, the amount of informatioitednla
to the typical astronomer will grow by two orders of magnéud
both in raw data size and in the number of objects.

We have been working with a group of astrophysicists to dgvel
AstroShelfwhich will enable them to collaboratively annotate sky
objects and phenomena, as well as visualize parts of thesshy u
different algorithms.

AstroShelf pursues two research directions, each of which h
the potential to transform how astronomers interface wéitye
datasets: (1) acalable annotation frameworto enable linking
of observations to specific experiments, models, or othseoa-
tions; and (2) acontinuous workflow enactment systiérat would
support automated reasoning in the presence of uncertainty

In this demo we will demonstrate the design and usage of our
Astroshelf prototype system, and show how it is being usdd/
timely scientific programs: (a) methods to incorporate iesagnd
catalogs from disparate datasets, using multi-waveledafid from
two surveys, allowing astronomers to study how the demducap
of galaxies have changed over the last 8 billion years; antk{in-
nigues for rapid classification of transient phenomenaeiisna-
tion of their properties, and incorporation of feedbackfriwllow-
up observations, using properties of time-variable evénmiad in
one survey.

This project enables astrophysicists to share informatiahex-
pert opinions quickly and widely, about each new observatio
event, fundamentally changing our ability to learn aboet thi-
verse; such functionality can also be applied in supporttbéio
scientific domains. A similar effort has been demonstratef],
where the system was displaying earthquake informatioat 3ys-
tem, though, did not address collaboration through aniooisit

We will demonstrate the following features of AstroShelf:

e The AstroShelf's User Interface that supports: (1) search a
visualization of sky objects, their data and meta-dataa(2)o-
tations management, and (3) specification of interest amd li
annotations.

The use of CONFLUENCE [6] to support the monitoring of data
streams which are either entered the system as new celestial
events (e.g., new supernova detected) or are created \hiin
system as new annotations. The set of natifications from de-
tected events are ranked according to each user’s profile.

The current version of AstroShelf is being packaged to bd ase
an educational tool, allowing astronomy students to collatively
explore the sky.

2. ASTROSHELF

AstroShelf’s main modules are a user interface (dashbedth)
the ability to display sky images and generally enable ustr-
action with the system, an annotations management systdra an
monitoring module for real-time processing of annotatiand sky
update events.

2.1 AstroShdf User Interface

AstroShelf’s User Interface (Ul), depicted in Figure 1 po®s
the user with aSkyViewcomponent, which displays sky images
from various surveys on multiple layers. Meta-data regaydie-
lestial objects are also displayed, as annotations, irhandayer.
The Ul also facilitates searching of objects and annotat@mob-
jects or areas, as well as the ability to add new annotatiéspart
of the visualization of meta-data the interface allows tleruto
generatdrend imageon objects retrieved using the search mech-
anism. Lastly, d_ive annotationamodule provides real-time up-
dates on the meta-data, new annotations, or new transientsev
We elaborate these user interface components next.
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The SkyView in our system is an interactive, 2D HTML5 can-
vas, implemented in webGL. Within this canvas the user ctar-in
act with data and analyze the output of other components of ou
platform. The images of the sky are provided by astrononsioal
veys such as SDSS (www.sdss.org) and FIRST(sundog.sis)i.e



Astroshelf

Annotation O

Masker Diam.: [ 8

New Overlay

koy: M Color Alpha; EFRNN Minal: EX MaxVal

o depres): R
[Scale (arcsec/pixel):

Dee degrees): R

Marker Size: B

[¥] Add a new interest in the area shown

Alias: @ Add
Active subscriptions

[# test1 alias

[£] next to galaxy Mi24

%] section 314

(£ Test2

(%] patest

[# fixed
Current notifications

(£11317939157000:601

userld:1

annotationType: comment
annotationValue:
targetType:1

< GoTo

target RA: -0.0625
target DEC:0.19167

Figure 1: Screenshot from AstroShelf’sUser Interface, currently showing the SkyView (left) and the Live Annotations View (right).

as well as simulations such as LSST(www.Isst.org) and age di
played using different levels of opacity. The SkyView aldiows
zooming and panning. Allimages are stored in a spatial it
implemented as an S2-tree[8]. Finally, SkyView uses pbased
annotations to view data provided by our Annotations Manaayg
System as well as survey databases. Pixel-based annestatiow
the user to visualize thousand of objects in a single imagssiply
spotting trends in the data otherwise impossible to peec@wy.,
markers for heavily annotated objects appear brighter thase
of lightly annotated objects). Since these annotationsparel-
sized, numerous queries can be viewed at once without hivgder
the overall view.

2.1.2 Trend Images

Trend images are used to visualize overall patterns in as#dta
A trend image consists of a set of pixels, each mapped to dfispec
data point in such a way that patterns in the data become extpar
from patterns in the resulting image.

An example of how a trend image could be used is to visualize
patterns in spectroscopic data from astronomy obsensti®pec-
troscopic data involves measuring the flux or intensity ghtiat
different wavelengths for objects of interest. The trencde in
Figure 2 consists of spectroscopic data for 139 Type la sapee
from Balland et al. [2]. Each horizontal row correspondstie t
spectra for a supernova, and they are ordered from top torhott
increasing redshift. Along the x-axis the data points aded in
increasing wavelength from left to right. The grayscalespizalues
correspond to the flux of the object at that wavelength. Tmege

Figure2: Trend Image for 139 Type la supernovae.

2.1.3 Live Annotations View

The Live Annotations module of the user interface displays,
real-time, any new notifications regarding areas and typeso
jects which are of interest to the current user. The user egigter
multiple interestswith the system and the updates will reach her
by the preferred means (e.g., browser Ul when logged in, lemai
when not, notifications on mobile phone). The user may fiher t
notifications by interest, and then by clicking on them shk lva
navigated to the area of the sky where the annotation was made
(through the SkyView).

The Live Annotations view not only displays the new annota-
tions made in specific areas and specific objects, but it aso p
vides the user with trending areas or objects which are aateo
the user’s interests. This proves to be particularly usehén the
number of notifications is either high, or the user is regétdo
areas of the sky where there is not too much activity, whilether

broad features of the Type la supernovae can be seen in tke dar areas (unbeknownst to the user), there has been a new digcove

and light bands that represent characteristic featurespidsions.
These smoothly trace back over redshift indicating thesetere a
consistent class of an object.

AstroShelf supports generating a trend image for any number

and type of objects specified by the user. In the current démeo,
objects are from the specObj view of the seventh data relefase
SDSS but, in general, AstroShelf can support any catalo§ue-o
lestial data. Closer inspection of the spectra of outliespported
by the clickable image map which links a graph of the spedtd
of a single object to the horizontal line of pixels it correafs to.

that may be of interest to the user.

2.2 Scalable Annotations Framework

The Annotations Service is the system component which leand|
annotations on sky objects or sky locations in varying glaity
levels. The service also works as a notification serviceerids
notifications of changes in data and meta-data to registenée
ties. The service exposes a RESTful API which can be used by
third parties to insert, query or update annotations, gtherright
credentials.



In our system, any annotation is represented as a<aaino-
tation type, annotation value>Because of that, our system sup-
ports any type of annotation one may want to add (e.g., atag, a
text, link to a file with experimental results, image, linka@aper,
provenance information, etc.) Annotations can be made meth
different levels of granularity:

e Annotations on &elestial object When the object already ex-
ists in our database, annotations are directly linked todaba
ject. If the object does not exist then the user is able taetsar

personal survey and the new object definition becomes part of

that survey. When visualizing the annotation on the SkyVYiew
it appears on the object’s RA/DEC coordinates.

e Annotations on aet of objectcan be made by specifying a

set of objects having some specific properties (based onra use

defined query or view). Moreover, the system allows the defi-
nition of annotations on specific RA/DEC ranges. This can be

seen as an annotation that is added on an area of the skydinstea

of particular objects, and any objects which may be addexd lat
in that area are also annotated with the area’s annotatian in
similar fashion as in view-based annotations.

e Annotations on annotationsan be made, for example, to rep-
resent revisions on annotation values or discussions keetwe
users on some annotation value.

Users can express their preferences using the AstroShetf in
face. Preferences are considered to be in the form of pesitiv
negative opinions towards an annotation. Using this vaduab
formation, the system will assign a weight to each annatatiat
matches a user’s query. This weight will express the interofi
interest in that particular annotation. Every annotatioat twas
marked as'preferred” by a user will have a weight equal to 1 for
that particular user. All other annotations will have a virigalue
between 0 and 1. The system then suggests possible othesinte
ing objects and annotations if the weight is above some tiotds

1)

2)

3)

4)

When assigning the weights, the system tries to find relevant 5)

similarities between two objects. These similarities cefer to
meta-data information (i.e., position on the sky, type géoh type
of event) or to annotations attached to that particularaibjeFor
example, if two objects, A and B, are linked through annotati
to the same paper, when users’ query output returns A, themys
may suggest as relevant object B with all annotations agthodit.

2.3 CONFLUENnCE

As mentioned in the introduction, all the interactions inraShelf
are facilitated by a workflow engine. Specifically, CONFLEH
short for CONtinuous workFLow ExeCution Engine, is the impl
mentation of our Continuous Workflow (CWf) model [7, 5]. Itsva
built on top of Kepler [4], and can facilitate both scientiied busi-
ness reactive, monitoring, and collaborative application

In the context of supernova and galaxy classification, weshav
designed a continuous workflow to run on CONFLUENCE and we
plan to demonstrate its efficiency during the presentafidre goal
of this workflow is to monitor the activity of inserting, uptiteg or
deleting annotations as well as integrating the detectitransient
events from various sky surveys that are of interest to tleesus
all in real-time. After processing these events the workfleilv
notify the users about them, and it will receive their feexkaBy
interacting with the workflow, the users may refine the antnta,
iterating over them until they reach a consensus.

3. INTERACTIONS

6)

8)

9)

Using the AstroShelf Ul users can define and name areag in th
sky that are of interest to them. Additionally they may deftre
type of events of interest(e.g., new annotation, new suparn
galaxy classification, etc.) This expression of interegtished

to CONFLUENCE and is registered into an R-Tree spacial index
which resides inside the actor “Tag Interest”.

Using the SkyView, users can annotate objects, group$-of o
jects or arbitrary points in the sky with any information yhe
deem important to share. Classifications of galaxies orrsupe
novae made by the users through the Ul are also recorded as
annotations All of these annotations are inserted into thieoA
tations Engine through a specialized API.

Any new annotation is detected by the Event Reporting fgodu
that directly forwards it to the continuous workflow on CON-
FLUENCE. Other types of events pushed to the monitoring work
flow are transient events detected by various sky surveyishwh
are also available through an aggregation service, cakgédligrt

(skyalert.org).

Once the aforementioned events enter the system theggayed

by the “Tag Interest” actor with the user ids of those who pre-
viously expressed interest in the area and type of the ohject
tached to the annotation (Interaction 1, Fig 1). Then they ar
filtered depending on the event type, and follow differerthpa

in the workflow.

a. In supernovae events, the supernova object is matchild wit
its host galaxy and this matching is verified by the user thhou
the browser interface and then calculate the redshift proba
bility distribution.

b. All other events are joined with data available from vasio
external catalogs. This information will help the users whe
they provide feedback about an annotation.

Once all the necessary data have been attached to theldata o
jects, users tagged on those objects are notified directilyein
browser or through email, SMS, twitter etc.

The notified users use the AstroShelf interface to expless
opinion on the annotations. The opinions are tagged as posi-
tive or negative and split accordingly. The “Split neg/ps&p
groups the opinions according to the object id and the semtim

of the opinion. The window size of the group-by is time-based
to measure the temporal density of each opinion.

At this step the workflow evaluates the overall consensus o
the various opinions (positive or negative). It will thereate
another annotation on the object that captures the consensu
This new annotation goes back into the workflow and the cycle
continues.

In this step the system uses the Annotations Service tiolelec
whether or not this event might interest the user. It does thi
using a remote procedure call to the recommendation system,
which uses user’s profiles (described in Section 2.2).

The “Time-based windowed ranking” actor, groups events b
the user ids. It uses the time-based windows (e.g., everyns mi
utes, size 30 minutes) and ranks the recommendations fhr eac
user, again using profiling information from the Annotatt®er-
vice.

As it can be seen from the steps described above, the protess o

The system interactions and flow of events are as follows {num annotating sky objects is a loop which runs until the useligico-
ratively converge to a significant opinion.

bered as in Figure 3):
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Figure 3: High-level design of the AstroShelf collaboration platform.

4. DEMONSTRATION

In our demonstration we would like our audience to interdtt w
the AstroShelf system as users of our platform. They will bie a
to use multiple displays to enter new annotations, exprassdast
in areas in the sky and then get notified by various ways (etg.,
screen, email etc.) when new events of their interest aectist.
In order to make it interactive we assume all annotationpabdic
and every user can see any annotation.
define an area of interest and any annotation added to tteanélie
be pushed, as a notification, to their account.

Another aspect in our project is the visualization tool. @aa
see the image of any portion of the sky, zoom in for a closet tfo
celestial objects and surrounding area and make annatatiothe
visualization environment users can play with differenysvaf sky
visualization. They can see only the redshift, (e.g. thietlpming
from an object that increases proportionally with the wawgth),
only the image of the sky as found in different astronomy sysv
or both of them combined. Moreover, the interface allowssise
to see a mark on the sky next to objects that have been anthotate
already. Each mark has a different color intensity dependin
how many annotations are defined for that particular patctkyf

Finally, we will demonstrate to our audience how the Ast@Sh
system can be used through an API. By eliminating the need of a
user interface, we allow our users to write and retrieve tatiums
in a fast way. We will show how easy it is to submit multiple ann
tations in the same time and how annotations can be fetcbed fr
our system. This will be demonstrated using automated tsgrip
which will also help in demonstrating the notifications ardom-
mendations system, since the scripts will generate enaafffctto
trigger the recommendations mechanism.

In the end, we would like to demonstrate that our system ad-
dresses the following problems:

e Annotations We have two different ways of interactively
adding annotations (i.e., using the visualization tool im-p
grammatically, using the annotation service). In this way,
we address two different problems: a) an interface that may

In this way, a user can

become a bottleneck in the process of adding annotations by
hand and b) a system that can become too technical for some-
one that only wants to visualize the sky and add various notes
on things she discovers.

Workflows Our system provides an interactive way of stay-
ing connected with the community through a complex con-
tinuous workflow execution engine. Annotations relevant to
users preferences are pushed continuously and can be ac-
cessed on different platforms.

Visualization AstroShelf visualization system is a great way
to look at the sky images and celestial objects. Using the
various layers AstroShelf system offers (i.e., SkyViewRe
shift slider, Trend images) astrophysicists can interaet d
rectly with the sky images and discover faster interesting a
eas or objects on the sky.
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