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Abstract

This document defines the core components of the Observation data model that are necessary
to perform data discovery when querying data centers for astronomical observations of
interest. It exposes use-cases to be carried out, explains the model and provides guidelines
for its implementation as a data access service based on the Table Access Protocol (TAP). It
aims at providing a simple model easy to understand and to implement by data providers that
wish to publish their data into the Virtual Observatory. This interface integrates data modeling
and data access aspects in a single service and is named ObsTAP. It will be referenced as
such in the IVOA registries. In this document, the Observation Data Model Core Components
(ObsCoreDM) defines the core components of queryable metadata required for global
discovery of observational data. Itis meant to allow a single query to be posed to TAP services
at multiple sites to perform global data discovery without having to understand the details of
the services present at each site. It defines a minimal set of basic metadata and thus allows
for a reasonable cost of implementation by data providers. The combination of the
ObsCoreDM with TAP is referred to as an ObsTAP service. As with most of the VO Data
Models, ObsCoreDM makes use of STC, Utypes, Units and UCDs. The ObsCoreDM can be
serialized as a VOTable. ObsCoreDM can make reference to more complete data models
such as Characterisation DM, Spectrum DM or Simple Spectral Line Data Model (SSLDM).

ObsCore shares a large set of common concepts with DataSet Metadata Data Model
(Cresitello-Dittmar et al. 2016) which binds together most of the data model concepts from the
above models in a comprehensive and more general frame work.

This current specification on the contrary provides guidelines for implementing these concepts
using the TAP protocol and answering ADQL queries. It is dedicated to global discovery.

Status of this document

This document is a revision of the ObsCore v1.0 recommendation. It extends the metadata
provided for discovery of data via VO compliant TAP services. In addition, ObsCore has been
selected as the core data model for data discovery by the Simple Image Access protocol
version 2 (SIAv2) (Dowler, Tody et Bonnarel, IVOA Simple Image Access V2.0 2015) and
future parameter-based DAL services. From the experience on the ObsCore v1.0
implementation, and to better describe datasets in support of data discovery via DAL services,
new data model fields have been added.

This document has been updated by the IVOA Data Model (DM) working group, in
coordination with partners involved in the definition of data access protocols (DAL) and of the
ADQL language. It describes the core components and the metadata to be attached to an
astronomical observation, and contains a guide for implementing this model within the Table
Access Protocol (TAP) framework. Due to the DM and DAL aspects of this document, this will
circulate and be reviewed by both Working Groups.

A list of current IVOA Recommendations and other technical documents can be found at
http://www.ivoa.net/Documents/
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List of Acronyms

ADQL Astronomical Data Query Language

ASDM Archive Science data model : a data format for ALMA , EVLA data
DAL Data Access Layer

DM Data Model

FITS Flexible Image Transport System : standard data format
ObsCore DM Observation Core components Data Model

ObsTAP TAP interface to ObsCore DM

TAP Table Access Protocol

SIA Simple Image Access

SSA Simple Spectral Access

STC Space-Time Coordinates

ucbD Unified Content Descriptor

1. Introduction

The first version of this model, ObsCore 1.0, originates from an initiative of the IVOA Take Up
Committee that, in the course of 2009, collected a number of use cases for data discovery
(see Appendix A). These use cases address the problem of an astronomer posing a world-
wide query for scientific data with certain characteristics and eventually retrieving or otherwise
accessing selected data products thus discovered. The ability to pose a single scientific query
to multiple archives simultaneously is a fundamental use case for the Virtual Observatory.
Providing a simple standard protocol such as the one described in this document increases
the chances that a majority of the data providers in astronomy will be able to implement the
protocol, thus allowing data discovery for almost all archived astronomical observations.

Version 1.0 and Version 1.1 of ObsCore are focused on public data. However optional fields
like obs_release_date and data_rights are proposed to also support proprietary data.

The ObsCore data model is focused on describing the core metadata common to most data
products distributed for astronomical observations. It is the common basis that helps to search
and discover datasets across various VO compatible archives via a customized TAP protocol:
ObsTAP. ObsCore also provides the core data model for discovery and description of specific
types of astronomical data (e.g., images and spectra) via the “typed” VO data access
protocols. These type-specific protocols may extend ObsCore to more fully describe specific
types of data, but the intent is that all VO data access protocols share the same core
description of the data.



In order to take into account the pixelated data such as images, data cubes, and time series
as well, this version makes explicit the nature and length of the dataset axes as defined in the
Characterisation data model (Louys and DataModel-WG. 2008). These allow covering the
requirements for axes length (as a number of bins) expressed in added uses-cases in
Appendix A, sections A.3 for data cubes, A.4 for time series, A.5 for event lists. In addition it
corrects a few errors in the description of data model items found in version 1.0.

Consistency with the IVOA NDCube data model which represents N-Dimensional datasets
has been improved. Therefore the main data model component of ObsCore DM, which
focuses on a data product, is renamed “ObsDataset” as in ‘NDCube’ and ‘IVOA DataSet
Metadata’ models, instead of ‘Observation’ as named previously.

This data model does not expose the mapping of data axes to physical coordinate systems,
as available for instance in FITS WCS keywords. Such information belong to the scope of the
‘NDCube’ and ‘STCv2’ data models and will be used in future versions of DAL protocols.

In the following are described the fundamental building blocks which are used to achieve the
goal of global data discoverability and accessibility.

1.1. First building block: Data Models

Modeling of observational metadata has been an important activity of the IVOA since its
creation in 2002. This modeling effort has already resulted in a number of integrated and
approved IVOA standards such as the Resource Metadata, Space Time Coordinates (STC),
Spectrum and SSA, and the Characterisation data models that are currently used in IVOA
services and applications.
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Figure 1. Architecture of an ObsTAP service: it is based on the ObsCore data model, which
re-uses parts of Characterisation, Spectrum, STC data models and the UCD and Units
specifications. As a service ObsTAP relies on ADQL, TAP, UWS, TAPRegExt, VOSI and
VOTable. Examples and use-cases are exposed following the recommendation for DALI
examples.

1.2. Second building block: the Table Access Protocol (TAP)

TAP defines a service protocol for accessing tabular data such as astronomical catalogs, or
more generally, database tables. TAP allows a client to (step 1) browse through the various
tables and columns (names, units, etc.) in an archive to collect the information necessary to
pose a query, then (step 2) actually perform a table query. The Table Access Protocol (TAP)
specification was developed and reached recommendation status in March 2010 (Dowler,
Tody et Rixon, Table Access Protocol 2010).

1.3. The goal of this effort

Building on the work done on data models and TAP, it becomes possible to define a standard
service protocol to expose standard metadata describing available datasets. In general, any
data model can be mapped to a relational database and exposed directly with the TAP
protocol. The goal of ObsTAP is to provide such a capability based upon an essential subset
of the general observational data model.

Specifically, this effort aims at defining a database table to describe astronomical datasets
(data products) stored in archives that can be queried directly with the TAP protocol. This is
ideal for global data discovery as any type of data can be described in a straightforward and
uniform fashion. The described datasets can be directly downloaded or accessed via IVOA
Data Access Layer (DAL) protocols.

The final capability required to support uniform global data discovery and access, with a client
sending one and the same query to multiple TAP services, is the stipulation that a uniform
standard data model is exposed (through TAP) using agreed naming conventions, formats,
units, and reference systems. Defining this core data model and associated query mechanism
is what this document is for.

Thus the purpose of this document is twofold: (1) to define a simple data model to describe
observational data, and (2) to define a standard way to expose it through the TAP protocol to
provide a uniform interface to discover observational science data products of any type.

This document is organized as follows:

o Section 2 briefly presents the types of the use cases collected from the astronomical
community by the IVOA Uptake committee.

e Section 3 defines the core components of the Observation data model. The elements
of the data model are summarized in Figure 2. Mandatory ObsTAP fields are
summarized in Table 1.

e Section 4 specifies the required data model fields as they are used in the TAP service:
table names, column names, column data type, UCD, Utype from the Observation
Core components data model, and required units.

e Section 5 describes how to register an ObsTAP service in a Virtual Observatory
registry. More detailed information is available in the appendices.

e Examples are cited in section 6
e Section 7 summarizes updates of this document.

o Appendix A describes all the use cases as defined by the IVOA Take Up Committee.
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e Appendix B contains a full description of the Observation data model Core
Components.

¢ Appendix C shows the detailed content of the TAP_SCHEMA tables and how to build
up and fill them for the implementation of an ObsTAP service.

2. Use cases

Our primary focus is on data discovery. To this end a number of use-cases have been defined,
aimed at finding observational data products in the VO domain by broadcasting the same
query to multiple archives (global data discoverability and accessibility). To achieve this
we need to give data providers a set of metadata attributes that they can easily map to their
database system in order to support queries of the sort listed below.

The goal is to be simple enough to be practical to implement, without attempting to
exhaustively describe every particular dataset.

The main features of these use-cases are as follows:
e Support multi-wavelength as well as positional and temporal searches.

e Support any type of science data product (image, cube, spectrum, time series,
instrumental data, etc.).

o Directly support the sorts of file content typically found in archives (FITS, VOTable,
compressed files, instrumental data, etc.).

Further server-side processing of data is possible but is the subject of other VO protocols.
More refined or advanced searches may include extra knowledge obtained by prior queries to
determine the range of data products available.

The detailed list of use cases proposed for data discovery is given in Appendix A.

3. Observation Core Components Data Model

This section highlights and describes the core components of the Observation data model,
synthetized today in the Dataset Metadata DM specification. The term “core components” is
meant to refer to those elements of the larger “Observation Data Model” that are required to
support the use cases listed in Appendix A. In reality this effort is the outcome of a trade-off
between what astronomers want and what data providers are ready to offer. The aim is to
achieve buy-in of data providers with a simple and "good enough" model to cover the majority
of the use cases.

The project of elaborating a general data model for the metadata necessary to describe any
astronomical observation was launched at the first Data Model WG meeting held in
Cambridge, UK at the IVOA meeting in May 2003. The first Observation data model was
sketched out relying on some key concepts: Dataset, ldentification, Curation, physical
Characterisation and Provenance (either instrumental or software). A description of the early
stages of this development can be found in (Mc Dowell et al. 2005) (Observation IVOA note).
Some of these concepts have already been elaborated in existing data models, namely the
Spectrum data model (McDowell, Tody and al 2011) for general items such as dataset
identification and curation, and the Characterisation data model (Louys and DataModel-WG.
2008) for the description of the physical axes and properties of an observation, such as
coverage, resolution, sampling, and accuracy. The Core Components data model reuses the
relevant elements from those models. Generalization of the observational model to support
data from theoretical models (e.g., synthetic spectra) is possible but is not addressed here in
order to keep the core model simple.
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3.1. UML description of the model

This section provides a graphical overview of the Observation Core Components data model
using the unified modeling language (UML). The UML class diagram shown in Figure 2
depicts the overall Observation Data Model, detailing those aspects that are relevant to the
Core Components, while omitting those not relevant. The Characterisation classes describing
how the data span along the main physical measurement axes are simplified here showing
only the attributes necessary for data discovery. This is also the case for the DatalD and
Curation classes extracted from the Spectrum/SSA data model where only a subset of the
attributes are actually necessary for data discovery. For our purposes here we show
Characterisation classes only down to the level of the Support class (level 3).

11
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Figure 2. Depicted here are the classes used to organize observational metadata. Classes
may be linked either via association or aggregation. The minimal set of necessary attributes
for data discovery is shown in brown.

For the sake of clarity, the SpatialAxis, SpectralAxis and TimeAxis classes on the diagram are
not expanded on the main class diagram. Details for these axes are shown in Figure 3 for the
spatial axis, Figure 4 for the spectral axis and Figure 5 for the time axis.
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Figure 3. Details of the classes linked to the description of the spatial axis for an
Observation dataset. All axes in this model inherit the main structure from the
CharacterisationAxis class, but some peculiar attributes are necessary for Space

coordinates.
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Figure 4. Spectral axis: details of the classes necessary to describe the spectral properties of
an Observation dataset. UCD and units are essential to disentangle various possible spectral

quantities.

13



CharacterisationAxis IW‘
+ calibStatus : CalibrationStatus [ ]
+ ucd : UCDString
el
0..1
+ coverage |1 + resolution [qg..1 + sampling |g..1 + accuracy [g..1

| Resolution | Sampling Accuracy

Ql + statError ¥4 1
814 location + refval | 0.1 m

| Location ResolutionRefval o
¥ .
+ value : CResclutionType + refvalf,1
+ documentation : URItype ErrorRefval
Bounds

+ bounds e
+ limits : CoordInterval

+ diameter : float

Support

+ support| + extent : float

Figure 5. The classes from the Characterisation DM used to describe time metadata.

Details on the ObsCoreDM axes definitions are available in the Characterisation data model
standard document (Louys and DataModel-WG. 2008). The hypertext documentation of the
model is available on the IVOA web site under the ObsCore wiki page
http://www.ivoa.net/internal/lVOA/ObsDMCoreComponents/ .

3.2. Main Concepts of the ObsCore Data Model

The ObsCore data model is the result of the analysis of the data discovery use cases
introduced in Chapter 2. Two sets of elements have been identified: those necessary to
support the provided use cases, and others that are generally useful to describe the data but
are not immediately required to support the use cases. In this section only the first set is
described. That set coincides with the set of parameters that any ObsTAP service must
support. Please refer to appendix B for the detailed description of all model elements.

Table 1 lists the data model elements that any ObsTAP implementation must support (i.e. a
column with such name must exist, though, in some cases, it could be nillable). Provision of
these mandatory fields ensures that any query based on these parameters is guaranteed to
be understood by all ObsTAP services.

NB: Data model fields are listed here with their TAP column name rather than the IVOA data
model element identifiers (Utype) to ease readability. See the associated Utypes in Appendix
C.

Column Name Unit Type Description
dataproduct_type | unitless | String Logical data product type (image etc.)
calib_level unitless | enum integer Calibration level {0, 1, 2, 3, 4}
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obs_collection unitless | String Name of the data collection

obs id unitless | String Observation ID

obs_publisher_did | unitless | String Dataset identifier given by the publisher

access_url unitless | String URL used to access (download) dataset

access_format unitless | String File content format (see in App. BB.5.2)

access_estsize kbyte integer Estimated size of dataset in kilo bytes

target name unitless | String Astronomical object observed, if any

s_ra deg double Central right ascension, ICRS

s_dec deg double Central declination, ICRS

s_fov deg double Diameter (bounds) of the covered region

S_region unitless | String Sky region covered by the data product
(expressed in ICRS frame)

s_xell unitless | integer Number of elements along the first
spatial axis

s_xel2 unitless | integer Number of elements along the second
spatial axis

s_resolution arcsec double Spatial resolution of data as FWHM

t min d double Start time in MJD

t_max d double Stop time in MJD

t_exptime S double Total exposure time

t_resolution s double Temporal resolution FWHM

t_xel unitless | integer Number of elements along the time axis

em_min m double Start in spectral coordinates

em_max m double Stop in spectral coordinates

em_res_power unitless | double Spectral resolving power

em_xel unitless | integer Number of elements along the spectral
axis

o_ucd unitless | String UCD of observable (e.g.
phot.flux.density, phot.count, etc.)

pol_states unitless | String List of polarization states or NULL if not
applicable

pol xel unitless | integer Number of polarization samples

facility_name unitless | String Name of the facility used for this
observation

instrument_name unitless | String Name of the instrument used for this

observation

Table 1. Mandatory fields of the Observation Core Components data model with their name,

recommended units, data type and designation.

3.3. Specific Data Model Elements

In order to support the global data discoverability and accessibility requirements, some new
concepts previously not covered by any other data model have to be introduced. This section
describes those, which are: the data product type, a classification of the various levels of
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calibration and processing applied to the data, the file content and format enriched and
extended from the concept described in the SSA protocol (Tody, Dolensky and al. 2012). In
addition, a clarification of how the terms Observation and Data Product are used in the
ObsTAP context is provided as well as a discussion for composed products.

3.3.1. Data Product Type

The model defines a data product type attribute to describe the high level scientific
classification of the data product being considered. This is coded as a string that conveys a
general idea of the content and organization of a dataset. We consider a coarse classification
of the types of dataset interesting for science usage, covering: image, cube, spectrum, SED,
time series, visibility data, and event data.

e image An astronomical image, typically a 2D image with two spatial axes, e.g., a FITS
image. The image content may be complex, e.g., an objective-grism observation
would be considered a type of image, even though an extracted spectrum would be a
Spectrum data product.

e cube A multidimensional astronomical image with 3 or more image axes, e.g., a
spectral image cube, a polarization cube, a full Stokes radio data cube, a time image
cube, etc. The most common format for astronomical “cube” data products is a
multidimensional FITS image, however other formats are allowed so long as they are
adequately described.

e spectrum Any dataset for which spectral coverage is the primary attribute, e.g., a 1D
spectrum or a long slit spectrum.

o sed A spectral energy distribution, an advanced data product often produced by
combining data from multiple observations.

e timeseries A one dimensional array presenting some quantity as a function of time. A
light curve is a typical example of a time series dataset.

o visibility A visibility (radio) dataset of some sort. Typically this is instrumental data,
i.e., "visibility data". A visibility dataset is often a complex object containing multiple
files or other substructures. A visibility dataset may contain data with spatial, spectral,
time, and polarization information for each measured visibility, hence can be used to
produce higher level data products such as image, spectra, timeseries, and so forth.

e event An event-counting (e.g. X-ray or other high energy) dataset of some sort.
Typically this is instrumental data, i.e., "event data". An event dataset is often a
complex object containing multiple files or other substructures. An event dataset may
contain data with spatial, spectral, and time information for each measured event,
although the spectral resolution (energy) is sometimes limited. Event data may be
used to produce higher level data products such as images or spectra.

e measurements A list of derived measurements gathered in a particular original
dataset of one of the previous sort after some analysis processing, like a source list,
or more generally a list of ‘results’ attached to such datasets.

Classification of astronomical data by data product type is inherently ambiguous hence
the classification scheme defined here is intentionally kept as simple as possible. The
data provider should pick the primary category most appropriate for their data. Values
must be specified in lower-case (in order to simplify queries). One of the defined
dataproduct_type values must be used if appropriate for the data product in question,
otherwise a NULL value is permitted and a more precise definition of the data product
type should be given in dataproduct_subtype. Combination of data product types is not
allowed, i.e., either one of the above values or NULL must be specified.
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Further information on the specific content of a data product can be provided by the
dataproduct_subtype data model field defined in the data model appendix B.1.2 , and by the
related obs_title (B.3.3) and access_format attributes (section 4.7).

The intent of dataproduct_type is to provide only a general indication of the category to which
the data product belongs to facilitate global data discovery.

3.3.2.

Calibration level

The calibration level concept conveys to the user information on how much data
reduction/processing has been applied to the data. It is up to the data providers to consider
how to map their own internal classification to the suggested classification scale here.

Level 0: Raw instrumental data, in a proprietary or internal data-provider defined format,
that needs instrument specific tools to be handled.

Level 1:

Instrumental data in a standard format (FITS, VOTable, SDFITS, ASDM, etc.)

which could be manipulated with standard astronomical packages.

Level 2: Calibrated, science ready data with the instrument signature removed.

Level 3: Enhanced data products like mosaics, resampled or drizzled images, or heavily
processed survey fields. Level 3 data products may represent the combination of data
from multiple primary observations.

Level 4: Analysis data products generated after some scientific data manipulation or
interpretation.

The examples in the following subsection should help illustrate use of the calib_level

attribute. It is left to the data provider to decide for ambiguous cases.

3.3.2.1. Examples of datasets and their calibration level

Here are examples of various datasets, classified according to scheme defined above.

Data product type | Data collection Calibration Level | Comments
image IRAS/NASA 2 Science ready data
image IRIS/IRSA 3 Recalibrated from infrared
IRAS images with removal of
the sensor memory effect.
image HDFS/ACS 3 Image associations
GOODS data mosaicking/stacking
spectrum XMM-Newton 1 Raw instrumental spectrum.
EPIC spectra
cube EVLA spectral 2 Radio spectral data cube in
data cube FITS format
sed NED SED 3 NED spectral energy
distribution
event ROSAT/HEASARC | 1 Instrumental data
visibility ALMA, Merlin, etc. | 1 Instrumental data
measurements ESO tile catalog 4 Photometric catalog of
extracted sources for a tile
image
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timeseries CTA reconstructed | 4 Reconstructed light curve
light curve following photons vs particles
separation under some
assumption

Table 2. Examples of datasets with their associated calibration level values.

3.3.3. Observation and Observation Dataset

ObsTAP describes observations in a broad sense; exactly what comprises an "observation"
is not well defined within astronomy and is left up to the data provider to define for their data.
ObsTAP also describes archive data products (e.g., actual archive files).

The IVOA Dataset Metadata model (see http://www.ivoa.net/documents/DatasetDM/) clarifies
the logical links between an Observation and an ObservationDataset i.e a data product here.
It makes a distinction between an "observation" as the description of an observing experiment
and its resulting datasets. Therefore the term ObsDataset is adopted in this version as a
replacement of Observation in the previous ObsCore1.0 specification. It helps to handle
various situations of combination, stacking, packaging of the results of performing an
observation at the instrument level.

In general an Observation Dataset, as a result, may be composed of multiple individual data
products. In this case all the data products stemming from one observation should share the
same observation identifier (obs_id). The form of the obs_id string is up to the data provider
so long as it uniquely identifies, within the context of the archive, all data products resulting
from the observation. The individual data products associated with an observation may have
different data product types, calibration levels, and so forth. ObsTAP only directly supports
the description of science data products, i.e., data products which contain science data having
some physical (spatial, spectral, temporal) coverage.

Two different approaches can be followed for exposing the instrumental data from an
observation. One can either expose the individual science data products resulting from the
observation, all sharing the same obs_id, or one can “package” the data products and expose
the package as a single complex instrumental data product. Combinations of the two
approaches are also possible, e.g., a package of all the data products, plus additional records
exposing selected high priority individual data products, all sharing the same obs_id.

If the data products comprising an observation are exposed individually then attributes such
as the calibration level can vary for different data products, e.g., the raw instrumental data as
observed might be level 1, a standard pipel