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Why we need to change the way we operate

We want to connect laypeople directly with the scientific
discoveries!

The “Chelyabinsk event” needs to be shared as soon after it
happens as possible. (24. Data to Dome session)



The Data2Dome Project: Presenting fresh science, every day

S usihgmode’rn technologies = SQL databases, Internet, push

“technology, metadata standards, news aggregation.... — the “sky

- at night” module will change on an almost daily basis to showcase

the latest scientific discoveries from ESO, NASA, MPE, MPA,
Gemini etc., as well as phenomena in the: mght sky (events, texts,
images, videos) |

We want to be the forerunner with this innovative distribution
system, which will all planetariums worldwide to use the same
content (a pillar for the ESO Supernova).

Planetarium presenters world-wide ¢an select interesting news and
dataset previews to include in their show segments every morning
— an “astronomical weather man”!

Requested by users in the planetarium community (the International
Planetarium-Society Science and Data Visualization Task Force).



What is necessary”?

News aggregation in one database

Instant access to fulldome content world-wide

Alert the planetariums

Menu overview for.presenter

Historical events, sky events

Streamlining educational curricula

Gathering the community around one set of tools and standards: the
Astronomy Visualisation Metadata and the Data2Dome

Liberal licensing: Creative Commons Attribution.
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/. Gathering the community around one set of tools and standards

Data2Dome and Astronomy Visualisation Metadata:
Metadata fully characterising the image resource



What is AVM?

A standard for tagging digital astronomical images stored as JPEGs,
PNGs and TIFFs

Extends the concept of Extensible Metadata Platform (XMP) headers
to include useful astronomical information about:

O
O
O

O O

The creator of the image

The content (including a description and subject category)

The method of observation (the facility, instrument and spectral
information)

The World Coordinate System (WGCS) position in the sky (for
“cosmic” images)

The publisher of the image

And much more ...



Specifically tailored to address the needs and interests of
the general public and outreach community, AVM ensures
that relevant information is transferred with the image
when it is shared with others

+]E+S+



The History of AVM

Conceived by ltars Lindberg Christensen, Robert Hurt, Ryan Wyatt and Adrienne
Gauthier ' |

Proposed by the Virtual Astronomy Multimedia Project — part of the IAU
Commission 55/C.2 and the International Virtual Observatory.Alliance (VOA)

Reached version 1.1 on 14 May 2008 (now in vi.2)

The standard is currently used to tag image&:

o NASA's Chandra X-ray Observatory '
European Southern Observatory (ESO)
NASA's Galaxy Evolution Explorer (GALEX) % s
ESA's Herseh€l Space Observatory via NASA Herschel Seience Center
NASA/ESA Hubble Space Telescope via STScl & ESA/Hubble
NASA's Nucl rfSpectroscopic Telescope Array (NUSTAR)
ESA's Plan tellite via Planck U.S. Data Center
NASA's Spitzer Space Telescope

NASA's Wide-Field Infrared Survey Explorer (WISE)

O O0OO0OO0OO0OO0O0O0o



What can AVM be used for?

ES
T
+

As well as Spitzer and others, the
ESO and ESA/Hubble image galleries
have AVM tagging running “behind the
scenes’.

All ESO and Hubble images are now
fully tagged (!)

All the information you see on the
webpage Is also embedded in the
highest and medium quality versions
of the images (not thumbnails).

+ This integration allows all of the
information to be carried along and
used by other applications.

Coordinates

Position (RA): 13
Paosition (Dec):
Field of view:

Orientation:

Vigw in WerldWide

Microsoft” Research

.
£ WoarldWide Telescops

Colours & filters

WavelengthTelescope



What can AVM be used for?

Just a few examples:

All images taken with — and of — specific telescopes and
instruments can be displayed with one click

World Coordinate System tags can be used to describe the
position, orientation, and scale of an image, so that images can be
easily used in virtual atlases of the sky and other such applications
where coordinates are essential

Images now have links that take the visitor to Microsoft’s
WorldWide Telescope

Images of the same object taken with different telescopes, different
wavelengths and at different times can be compared

Brand-new (or even unpublished) images can be displayed
instantly in the right place in the sky



WorldWide Telescope

|
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What is AVM?

For instance: AVM also defines a rigorous and limited
taxonomy for astronomical objects. The main categories are:

e Planet

e |nterplanetary Body

o Star

* Nebula

o Galaxy

o Cosmology

o Sky Phenomenon

e Jechnology

* People



So how does this AVM-stuff look?

I_ AVM Tag Name Format XMP T Inner T: IPTC Equiv. | Related UCD1+ Definition Comments l Status Exam
Spectral Band Sling-CV, | <avm, Speciral Band> <1l Segerdl I = ‘e, [Band). referming 1o | Ordered kst kentiying the broad Thlsllsl spuum includes text controllod vocabulary descriplors of the genoral | Data Reray, Optical, Ogtical, Infrared
listis) one of the following:  [regions of the spectrum spectrum in which the chservation was made (e.g.
et |t Hadn Owom Gamma-ray, etc.). See Appendix A for a full discussion of the
om IR, em.opl, accepbed values in this controlled vocabulary.
em UV, em.X-ray,
om.gamma.
|Spectral Bandpass. sting, <avm:Speciral Bandpass> <rdf:Seg><rdf = - am | [N"O'llmﬂﬁ] E.g. [Ordered kst dafinng the bandpass of | This free-form string allows the spectral coverage to be identified more precisely. |Fard X-ray, B-band, R-band, Mid-1R
listis) em.IR.3-4um. Sea the observation. Ideally this should refer 1o eommi used band| s (6. B, V, R, I, elc),
The UCD1+ controlled specific line excitations. or transiions (H-alpha, S, GO(S—ZL ete.), or if appropriate,
vocabulary Version instrumant spacific channels or filters (cnly if a more general descriptar is not
123 adequate). This tag is intended 1o help users understand the nature of the
observations, but its unrestricted formal makes if of lithe use as a search criterion.
Spectral Centralavelength float, <avmSpeciral Central\Vavele | <rdfSeq><rdfic = em.wi.central Ordered kst definng the central This tag identifies the averageicentral wavelenths in a hiter. It does nct [Data 0504400 MO0CB000
istis)  [ngth> i of : natations indicating widednarrow band
observabons. bandpasses mny be added under Smu-u Bampau E“w::dn exact muu are
wiven possible.
Spectral Noles slring <avm Speciral Noles> <reff Alt=<rdfli - - Froe-texd fiekd 1o alluw far mone Ay information that can not be represented n the various Spectral lags can be Keray are
xmi-langs"x-default™> detailed in free text in this feld. It can also be usad with other image types ke
and color mappings. “Chart” for providing more information on source observations.
Temporal StantTime Teare, <avrm:Temporal StaftTime> <rdf. Seq><rdfli> - time. start Ordered kst specifying the stan The date should utilize the IS0 BE01 format “yyyy-mm-ddThhomm® (UT, e -, 2005-02-05; 2005-02-05; 2004-07-03T12:00
list{s) times of the cbsenvations. portion is optional). This fiekd can be populated from the FITS keyword DATE-OBS.
If multiple datasets have been combined from different chsarvint times it is
1o use the earliest dal Tnuﬁelﬂlsmbemabonmammra
general idea of the onset of of multi-epoch
datasats. More detailed information smould go .nro Spodlal
Temporal IntegrationTime foat, <avm:Temporal INegrabonTim | <rdl.Seq-<rdlic- = s exposure Ordered kst specilyng the exposure | THis 1o be an measure of the total length of the
listis) o> times in seconds. observation, but not an indication of the specific ending time (if added to
Temporal.StartTime). This field can be populated from the FITS keyword
EXPTIME.
DataselD Shng, | =avm DalaselDs il Segeardl e = et dataset Degroacated idenlibers for the Thiss lag wars deprecaticd in AVM 1.2 in favor of a more general Proposalll [ag, The | Deprecaled
listis) source FITS dataset for the ted format k= a VO-compliant reference 1o the dataset [ivo:fAutharityl DV
obsarvations rendered in the image. |ResourceKey].
<avrn:Spatial CoordinateFram - pos frame Coordinata system raferance frame. | The coordinate system dafines the referance frame 1o which the coordinates refer.  [WCS-Basa [ICRS
B This field can be populated from the FITS keyword: CFRAME. Opbons include FKS
(celestial J2000). GAL (galactic) etc. Sea Appendix A for a full discussion of the
accepted values in ths convelled vocabulary. Detault interpretation (if left blank) is
ICRS.
Spalial Reterencevalse Tioal, <avrn, Spatial Relerencavane | il Seq=<rdl > s wes crval Reference coormnanes (| FA | The reference coordrinales specily the sky Gcalion of a single peeel in 1he mage. | WGS Base | 14011051168, 69, 7053745627
list{2) = and Dec) for the image (2 element | The referance frame is specified by Spatial.CoordinateFrame. The come:
list in decimal degroes). pixel in the image is identified in the Spatial. el tag. This fiekd can be
lated from the FITS keywords: CRVALT, 2
Spatial ReferenceDimensicn float, <avm:Spatial Referencelimen | <rdf Seq><rdfi> - POS WS NAXIS Size of the image in pals (2 This field specilies the onginal sze of the image for which the WCS applies. WOS-Full [4266; 3490
list{2) sinn> element Est) Comparing Ihese vahwes o the acual image size allows the same WCS solulion 1o
be used with any reszed version of the image ienally rescaling the
Spatial.ReferencePixel and Spatial.Scale. This field can be populated from the
FITS keywords: NAXIS1,2
EM&I.M’M&! float, <avm Spalial ReferencePxel> | <rdlSeq><rdfic = POS.WES.CIpiX. XY coordinates of the pixel in the This coordnate s measured relabve to the bottom left pixel in the iImage, whech is  |WCS-Full 822 146820068, 1153.85690308
list2) image to which the refarence considered to be the origin of the X, grid and has a value of {1, 1). This field can
coordinate be poputated from the FITS keywords, CRPIX1,2, In many common FITS files the
(Spatial. reders (2 pixel is not the canter pixed in the image:
alement kst).
Epmml_&ule float, <avm:Spatial Scale> <rdf: Seq><rdfl> = Pos.wes. scale |'§pana| scale of the image in number | The scale should follow the standard FITS convention fior sky progections i which | WCS-Full | -4.1635027032331E-05; 4.163502/032331E-05
list2) of degrees/pixel (2 element kst). the first element is negative (indicating increasing RAMngitude to tha laft) and the
second is positive, In practice, only the absolute value of the first term should be
necessary to identify the pixel scale since images should always be presented in an
1:1 aspect ratio as they appear in the sky when viewed from Earth. This
field can be populated from the FITS keywords: CDELT1, CDELT2 (or derived from
O matrix).
|Sratal Rotation float <avm:Spatial Rotation> - - Pasition angle of the 'Y axis in This angla idantifes how the vertical axis of the rwhmm coardinate frame i WCS-Full  |49.936065830255
degrees measured east (counter-  |onientated on the image as it is . This.
clockwise) from north. rotation is measured east fram north which, rorasn'momn:al images, iswumu-
clockwise (in sky projections, East is to the left of North). This field can be
populated from the FITS keywords: CROTICROTANCROTAZ.
Spatial CoordsystemProjecton sting-CV | <avm: Spatial CoordsystemPro - pos wos ctype The geomatnc projection of the Typical projections include “TAN" (tangent), “SIN” (sine), "CAR" (squirectangular) WCS-Full  |[TAN
jection> image. and “AIT* (AITOFF equal-area all-sky), among others. This keywerd is derived from
the contents of the standard FITS Keywords: CTYPE1,2. See Appendix A for a full
discussion of the accepted values in this controlied vocabutary,




<?xpacket begin="" id="W5MOMpCehiHzreSzNTczkc9d"?>

A n d t h e X I\/l P S C h e m a f? <x:xmpmeta xmins:x="adobe:ns:meta/" x:xmptk="Adobe XMP Core 5.0-c060 61.134777, 2010/02/12-17:32:00 ">

. <rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">

<rdf:Description rdf:about=""
xmins:avm="http://www.communicatingastronomy.org/avm/1.0/">
<avm:Distance.Notes>TAG-DISTANCE.NOTES</avm:Distance.Notes>
Astronomy Visualization Metadata (AVM) Standard - Version 1.2 rcl
2011-06-14 Page 63 of 69
<avm:ID>TAG-ID</avm:ID>
<avm:Image.ProductQuality>Good</avm:Image.ProductQuality>
<avm:MetadataDate>2003-01-02</avm:MetadataDate>
<avm:MetadataVersion>1.2</avm:MetadataVersion>
<avm:Publisher>TAG-PUBLISHER Deprecated</avm:Publisher>
<avm:PublisherID>TAG-PUBLISHERID</avm:Publisher|D>
<avm:ReferenceURL>TAG-ReferenceURL</avm:ReferenceURL>
<avm:ResourcelD>TAG-RESOURCEID</avm:ResourcelD>
<avm:ResourceURL>TAG-RESOURCEURL</avm:ResourceURL>
<avm:Spatial.CoordinateFrame>ICRS</avm:Spatial. CoordinateFrame>
<avm:Spatial. CoordsystemProjection>TAN</avm:Spatial. CoordsystemProjection>
<avm:Spatial. Equinox>2000 Deprecated</avm:Spatial.Equinox>
<avm:Spatial.FITSheader>TAG-SPATIAL.FITSHEADER </avm:Spatial.FITSheader>
<avm:Spatial.Quality>Full</avm:Spatial.Quality>
<avm:Spatial.Rotation>90</avm:Spatial. Rotation>
<avm:Type>Observation</avm:Type>
<avm:Dataset|D>
<rdf:Seq>
<rdf:li>TAG-DATASETID1</rdf:li>
<rdf:li>TAG-DATASETID2</rdf:li>
<rdf:li>TAG-DATASETID3</rdf:li>
</rdf:Seq>
</avm:DatasetID>
<avm:Distance>
<rdf:Seq>
<rdf:li>10</rdf:li>
<rdf:li>20</rdf:li>
</rdf:Seq>
</avm:Distance>
<avm:Facility>
<rdf:Seq>
<rdf:li>Spitzer</rdf:li>
<rdf:li>Hubble</rdf:li>
<rdf:li>Chandra</rdf:li>
</rdf:Seq>
</avm:Facility>
<avm:Instrument>
<rdf:Seq>
<rdf:li>IRAC</rdf:li>
<rdf:li>ACS</rdf:li>
<rdf:li>ACIS</rdf:li>
</rdf:Seq>
</avm:Instrument> ETC ETC



What is AVM?

+ES+

Elements of AVM:

Interactive Tagging Tools
o Photoshop XMP Panels
o FITS Liberator
o Web-based AVM form (customisable for local needs)
WCS Recovery Utilities
WorldWide Telescope
PinpointWCS
Aladin
Astrometry.net
Web and Scripting Resources
o EXIFTool extensions
o Python Library (PyAVM)
Online Registry/Archive
0 IRSA ASTROPIX Archive

O
O
O
O



What can AVM be used for?

* The AstroPix database of astronomical images makes use of the AVM
tags to offer access to collected image libraries of many of the leading
astronomical observatories under a single unified interface

« Currently contains almost 8000 AVM-tagged images and counting

e Several planetarium
softwares support AVM:

Package

Powerdome

Uniview

Digistar

OpenSpace

SkyExplorer

Dark Matter

World Wide Telescope

Mitaka

Stellarium

Redshift

Starry Night

Aladin

WikiSky

DS9

Status

Partly implemented
Planned for implementation
Implemented

Planned for implementation
Unclear

Implemented

Implemented

Not supported

Partly implemented
Implemented

Implemented

Implemented

Implemented

Implemented




AstroPix

g
L BstroPix beta

- Share the Universe

About

Digitized Sky Survey Image of the Eagle
Nebula

April 30th, 2015 eso_eso1518e

Credit: ESO/Digitized Sky Survey 2. Acknowiedgment: Davide De Martin.

This image is a colour composite of the Eagle Nebula (M 16) made from exposures
from the Digitized Sky Survey 2 (DSS2). The field of view is approximatelly 3.8 x 3.3
degrees.

Image Source: o/ /www.e

v.org/public/images/es

Curator:

European

Image Use Poiicy: Creative Commaons Attribution 3.0 Unported license.

dvanced Search

View Options

Fullscreen

Download Options
320 x 273 (21.9 KB)
:\OO X 428 (46.2 KB)

4 % 876 (214 KB)
.?n{‘ % 1085 (353 KB)
1600 x 1368 (580 KEB)

Image Details

Obsm{aﬂm

Object Nam

View in WorldWide Telescope

3000 x 2568 (2.1 MB)

6000 x 5137 (7.17 MB)

12000 x 10274 (20.5 MB)
3749 x 11772 (26.4 MB)

Eagle Nebuia M 16 = Messier 16

Nahulﬂ » Type » Slar Formation

Position Details

Position (ICRS)
R.A 18h 18m 47.1s
DEC =-13"51' 9.8"

1 of View

38x33dagrass

Color Mapping

Telescope

mgmzau Sky Survey 2 (Nong) opucai (a] -
> Digitized Sky Survey 2 (None) Infrared ) -



What can AVM be used for?.

AVM is also relevant for artist’s concepts and diagrams, simulations,
and photography, and is only the first step in a future effort to
encompass all multimedia products related to astronomy, including

videos and podcasts
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