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Great Observatories Archival Papers
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The Virtual Observatory
Common Archive Observation Model

Unified Search



The Virtual Observatory

e Virtual Observatory (VO) is a collective term referring to an ecosystem of standards
d the organizations and tools which use those standards in astronomy.

Note: “The VO” is not a single application or web page.
t is neither Virtual nor an Observatory

The standards, organizations and tools together enable the discovery and exchange of astronomical
data.

Simple VO Standards define cone searches on catalogs (lists of eg. stars), images and spectral data
collections.

More complex standards define, for example:
- How to register data services
- SQL-style database queries
- Event notification (Something goes boom in the night)

- Image cutout services (give me a picture of the sky from this data of exactly this shape)
- Server-side user storage
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Virtual Observatory Tools

any existing tools make use of “the VO for data discovery and access
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The IVOA

IVOA defines the standards

Composed of national-level organizations

Astronomers and engineers in these
organizations form subject matter .

Y VIRTUAL
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working groups
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VO “Dirty Laundry”

o Astronomers have very mixed feelings about “the VO”; some think it Is a
panacea, some think it promised much easier workflows than have been
delivered (The Atlantic Effect)
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VO “Dirty Laundry”

o Astronomers have very mixed feelings about “the VO”; some think it Is a
panacea, some think it promised much easier workflows than have been
delivered

* The success of the VO depends on technical leads of major projects
spending extra effort to make technology “VO-compliant” at various levels






VO “Dirty Laundry”

o Astronomers have very mixed feelings about “the VO”; some think it Is a
panacea, some think it promised much easier workflows than have been
delivered (The Atlantic Effect)

* The success of the VO depends on technical leads of major projects
spending extra effort to make technology “VO-compliant” at various levels
(The Wil Effect)

« Many VO standards have failed to see any uptake in the community
(Simulation Data Model Effect)
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yt is an open-source, permissively-licensed python
package for analyzing and visualizing volumetric data.

Webservice
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yt supports structured, variable-resolution meshes, unstructured meshes, and

AccessibleExpe

discrete or sampled data such as particles. Focused on driving physically-meaningful
inquiry, yt has been applied in domains such as astrophysics, seismology, nuclear
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VO “Dirty Laundry”

o Astronomers have very mixed feelings about “the VO”; some think it Is a
panacea, some think it promised much easier workflows than have been
delivered (The Atlantic Effect)

* The success of the VO depends on technical leads of major projects
spending extra effort to make technology “VO-compliant” at various levels
(The Wil Effect)

« Many VO standards have failed to see any uptake in the community
(Simulation Data Model Effect)

 The IVOA Is Slow, Formal, and Exclusive (The ADASS/dotAstro Divide)



Something designed to work
across many implementations

At the level of a center,
not at the level of a user

For astronomy, not reinventing
something that could be adopted

A relatively generic structure,
not just for one data type

Common
Archive

Observation
Model




-4/ Common Archive Observation Model

CAOM is a unified model for metadata for an observationfor any
telescope:
e Standardizes the core parts of an archive implementation
e Enable cross-mission searches and enhances scientific value
e Simplify data access with a common set of software
e Model is extensible for mission specific metadata
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CompositeObsensation SimpleObservation Telescope sl e

o.* 1.2 name : String name : String
members geolocationX [0..1] : Double kevwords [0..%] 1 String
Algorithm geolocationy [0..1] : Double

name . Strin geolocationZ [0..1] : Double
' 9 kenwords [0..%] @ String

instrument

Observation

algorithm

collection : String

observationID : String
metaRelease [0..1] : Date
seguenceNumnber [0..1] : Integer

0.1 /I\tEhBSCOpE Environment

0.1 . |seeing [0..1]: Double
humidity [0..1] : Double
elevation [0..1] : Double

tau [0..1] : Double
wavelengthTau [0..1]: Double
targetPosition | 0..1 reguirements | 0.1 ambientTemp [2..1] : Double
photometric [0..1]

type [0..1] : String environmen

o O b S e r‘V a t i O n intent [0..1] : ObservationintentType

* target 0.1

Target TargetPosition Requirements

 ZXE XX I

o-p propesal|.0.1

name : 5tring coordinates : Point flag : Status
type [0..1] : TargetType coordsys : String
proposallD : String redshift [0..1] : Double equinox [0..1] : Double
pi [0..1] : String standard [0..1] : Boolean
project [0..1] : String keywords [0..%] 1 String
title [0..1] : String maoving [0..1] : Boolean
kevwords [0..%] 1 String

Proposal

Metrics

DG Vellis) sourceMumberDensity [0..1] : Double

flag : Quality background [0..1] : Double
Planc 0.1 backgroundStddew [0..1] : Double
: quality fluxDensityLimit [0..1] : Double
productlD : String o1 magLimit [0..1] : Double
creatoriD [0..1] : URI

metaRelease [0..1] : Date

dataRelease [0..1]: Date
dataProductType [0..1] : DataProductType
calibrationLevel [0..1] : CalibrationLewvel

metrics

’ ' position| 0..1 energy | 0.1 time |0..1 polarization | g 1
inputs ==computed== ==computed== ==computed=:> ==computeds==
‘ . Position Energy Time Polarization
bounds [0..1] : Shape emBand [0..1] : EnergyBand bounds [CQ..1] : Interval dimension [0..1] : Integer

dimension [0..1] : Dimension2D | |bounds [0..1] : Interval dimension [0..1] : Long states [0..¥%] : PolarizationState
resolution [0..1] : Double dimension [0..1] : Long resolution [0..1] : Double
sampleSize [0..1] : Double resolvingPower : Double sampleSize [0..1] : Double
timeDependent [0..1] : Boolean sampleSize [0..1] : Double exposure [0..1] : Double
bandpassMName [0..1] : 5tring
transition [0..1] : EnergyTransition
restwav [0..1] : Double

provenance

Provenance

name : String

reference [0..1] : URI
varsion [0..1] @ String
project [0..1] : 5tring
praducer [0..1] : String
runlD [0..1] : 5tring
lastExecuted [0..1] : Date
keywords [0..%] @ String

artifacts

e Artifact

productType

release : ReleaseType
contentType [0..1] @ String
contentlength [0..1] : Long
contentChecksum [0..1] : URI

STScI | science msmmure




CompositeObservation

: metadata describing characteristics of an observation

SimpleObservation

Telescope

Instrument

Algorithm

name : String

name : string

geolocation [0..1] : Double
geolocationy [0..1] : Double
geolocationZ [0..1] : Double
keywords [0..%] ¢ 5tring

name : string
keywords [0..%] : String

=

algarithm

0.1 | telescope

0.1 (instrument

Environment

0.1

enuirnﬂmem}.

0,.* 1..*
members =]
N N
Observation -
collection : String
observationlD : String Ll
metaRelease [0..1] : Date Ll
sequenceMumber [0..1] : Integer .
type [0..1] : 5tring
intent [0..1] : ObservationintentType i
—t
C -
0-p proposal| . 0..1
Proposal

proposallD : String

pi [0..1] : 5tring
project [0..1] : 5tring
title [0..1] : String
kevwords [0..%] @ String

target J/ 0.1

targetFosition| 0.1 requirements| 0,,1

i

Target

TargetPosition

name : 5tring

type [0..1] : TargetType
redshift [0..1] : Double
standard [0..1] : Boolean
keywords [0..%] @ 5tring
rmoving [J..1] : Boolean

coordinates : Paoint
coordsys : 5tring
equinox [0..1] : Double

b

seeing [0..1] : Double
humidity [0..1] : Double
elevation [0..1] : Double

tau [0..1] : Double
wavelengthTau [0..1] : Double
ambientTemp [0..1] : Double
photometric [0..1]

Requirements

flag : Status




CAOM

Metrics
o DigieElgInalit; sourceMumberDensity [0..1] : Double
W flag : Quality background [0..1] : Double
Plane e 0.1 ;31 backgmgnd.StIddeu [0..1] : Double
_ quality fluz{Dgﬂ@tylet [0..1] : Double

productiD : String 0.1 magLimit [0..1] : Double

creatorD [0..1] : UR > —

metaRelease [0..1] : Date

dataRelease [0..1] : Date bl

dataProductType [0..1] : DataProductType bl

calibrationLevel [0..1] : CalibrationLevel Sl

il L
pDSitiﬂﬂJ/D..l anergy | 0..1 time |01 polarization | o 4
¢ ¢ \ )/ \/
inputs <-=computed== <=computeds== <=computeds-= <=computeds==
0..* Position Energy Time Polarization
bounds [0..1] : Shape emBand [0..1] : EnergyBand bounds [0..1] : Interval dimension [0..1] : Integer
dimension [0..1] : Dimension2D | [bounds [0..1] : Interval dimension [0..1] : Long states [0..%] : PolarizationState
resolution [0..1] : Double dimension [0..1] : Long resolution [2..1] : Double
sampleSize [0..1] : Double resolvingFower : Double sampleSize [0..1] : Double
timeDependent [0..1] : Boolean | |sampleSize [0..1] : Double exposure [0..1] : Double
p-a bandpassMame [0..1] : 5tring
transition [0..1] : EnergyTransition
restwav [0..1] : Double
provenance| 0.1 0 o#
i
Provenance

~ame  Sting : metadata describing a set of data products (i.e.,

reference [0..1] : URI

version [0..1] : tring distinct construct of the observation)
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Takeaways for DMMI

* Find common conceptual “grids” defined by practitioners upon which to build
e The scientific and technical returns from data sharing can be tremendous

e Discovery and physical understanding are both enhanced by data models

e Defining common models is a messy, human process with setbacks

e Standards follow implementations before implementations follow standards

e Standards definition is often successful as a bottom-up (not top-down) process
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