Data Formats BoF

A Rough Agenda For the Next Hour

|IAU Astronomical Data Representation Working Group
Improving FITS

Structured Data Formats

VO data formats as IAU Standards
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Data Formats BoF

IAU DATA Representation Working Group

Lucio Chiappetti: | think we should try to resurrect both the [IAU]
Data Representation [Working Group] and the FITS SEG (the
former was never formalized, and the second never convened
In its post-IAUFWG composition) before the next IAU GA
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Data Formats BoF

|IAU Data Representation Working Group

Should such a group include
e Structured Data Formats (ASDF, HDF)
* VO Data Formats
* FITS
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Data Formats BoF

FITS Extensions

Reconvene the FITS SEG to change the standard to allow
arbitrary-length keywords:
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Data Formats BoF

|IAU Astronomical Data Formats Working Group

 Should we add VO data formats as IAU Standards
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Fits internal compression

3 years after the publication...

My problem
or our problem ?

Pierre Fernique
Centre de Données astronomique de Strasbourg
ADASS — Oct 2019 - Groningen
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The background

e CDS users complain us that Aladin is no longer
able to load their FITS images => in fact internal

compressed FITS images.
=> ex: Skymapper (RICE_ONE), SUBARU (GZIP_2), ...

* | tried to implement new FITS uncompress algorithms
during this summer..

e | failed (RICE_1 has been integrated successfully).

FITS

Definition of the Flexible Image Transport System
(FITS)

Version 4.0: updated
2016 July 22 b the
IAUFW» -

FIF™V ag Grop
Commission 5 Doc. ~ on and A,
ations, omieal Uniow
<gs v.gov/iaufi

=> Too complex, too much variations: RICE 1, RICE_ONE, GZIP1, GZIP2, HCOMPRESS and
the dedicated IRAF/PLIO compressions + potent'/ally others is not enough documented in

the FITS IAU document (reference to external document, etc)
=> need to look in the CFITSIO code to understand some details...

* Too much for me in the time and the energy that | had.

May be we were not enough motivated: the real interest of the FITS

internal compression was not obvious for us.

=> May be the problem was on my side.
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e | was curious...

e | took a few hours to install and test all recent FITS

viewers that | found, which are not CFITSIO based.

(for the FITS tools based and CFITSIO, the compression/uncompression
integration is not a problem as it has been already coded by the promoters of

this evolution)

a nssagov 0 ~9E® LiN® DT

The Astronomical
rl ’ Image and Table Format
K T =

Home | News | Docs| WCS| Samples | Libraries | Viewers | Utilties | Keywords| Conventions | Resources

FITS Image Viewer

“>c e

FITS Image Software Packages

for image viewing, analysis, and format conversion

The following software packages display or manipulate the relatively simple class of FITS data fles that containing 2-dimensional images, often of celestial
objects in the night sky. It should be noted that FITS is a very general data format that is used for many diflerent types of astronomical data sets. 50 these
packages are not necessarily capable of reading every type of FITS file. Developers of new image display programs should be aware of the special
tequirements for effectively displaying FITS images
FITS Image Viewers
« Image viewers for PC and Macs - an extensive listing of commercial and freeware image processing software compiled by the Astronomy Education
Committee.
« Aladin - Interactive Sky Atlas
« APLpy - Astronomical Platting Library in Python is a Python module aimed at producing publication-quality plats of astronomical imaging data in FITS
format
« Aperture Photometry Tool - interactive software tool for visualizing and performing aperture photometry measurements on astronomical images
« Avis FITS Viewer - a FITS viewer for Windows. Only reads 8 and 16 bit FITS images. Converts to RAW, TIF, TGA, BMP, and JPEG formats
« Clearsky viewer - a javascript ibrary for viewing a FITS image. Features include multiple regions of nterest, stats, contrast, magnifying glass and more
« ds9 (SAOImage ) - astronomical visualization application from SAQ

« FEITS Liberator - a plug-in for Adobe Photoshop for manipulating FITS format images. Also works with Photoshop Elements 2. Includes a short
introduction to astronomical image processing

« EitsdWin2 Viewer (shareware with free beta version) - a FITS viewer for Windows. Works as an extension to Windows Explorer and includes support for
viewing thumbnail images of FITS files.

« EitsPlug v2.0 (shareware with free beta version) - a FITS plugin for Adobe Photoshop for Windows

« ElTSview - FITS image viewer from NRAO

« fy- FITS fle viewer and editor (supports FITS images and FITS tables)

« GAIA - an image display and analysis tool from the U K. Starlink Project. Itis a derivative of the ESO SkyCat tool

« giv A cross platform (posix and Windows) image viewer designed especially for scientifc vision and computational geometry. Supports interactive
brightness and contrast adjustment of 2D images and 3D cubes in various data formats, including FITS. Also supports drawing vector graphics on top of
the image

« Gliemo? - an interactive 30 visualization program for n-body snapshats which supports 2D and 3 FITS data, as well as ather data formats. GLnemo2
is open source, mult-platform (linux, MacosX. windows), and uses at5 AP| and openGL hardware acceleration

Image Processing Resources for A: X

c @

operating

software sy s&tem

hardware

+

duke.edu

audience e-mail contact

availability
& (or software description) (or user guide)

image
formats
cost supported
$99.95
(includes 684-
book:
Handbook of
Astronomical
Image

Processing and "Amateur Astronomers,

Windows 98SE | 600 MB archive Professional Astronomers, College|

or later

Astromagic Windows

2000/XP

IVista/7/8

Astrometrica

Windows XP version5 | FITS (8,16),

AstroArt through

Windows 10 | version 4.0: 89 | and others

Windows XP

through

Windows 10

of CCD images students, Engineering students,
High School science teachers,
software now in ‘Astronomy lab teachers”
version 2.0

(899.95 for new

users; $69.95

for an upgrade

for users who

own 1.0)

free; FITS (8, 16, professional astrometric info@astromay

donation 32) measurements
encouraged

25 Eurollicense || FITS (8, 16, professional astrometric

Windows
Vista/7/8/8,1/110| (free 100-day 32), SBIG measurements

trial)
129 Euro for “A complete software for image

processing, photometry, astrometry,

(upgrade from | TIFF, JPEG' |POe2ng: PADIORE: 45 OMEIN actroart@msbsoftwaret

euro) for digital and film images.

freeware | FITS (8, 16)
version
of AstroArt | CCD SBIG msbsoftware
software above files

winuowsws/m‘ ‘ educators, astronomers
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= Softpedia

sy

S View TS Files

c @
SOFTPEDIA®

softpedia.com,

[ QLT &l DRIVERS 0 GAMES

Windows - Download Hubs - View - View FITS

XnView 2.49.1

Applications sorTey: [

PR R

multiple tabs,

Sep 10th 2019, 12

FV53

View and edit FITS images and tables, plot graphs, check out FITS headers ina scrolling text wind.

Nov 14th 2

AvisFV 2.0

Easilyimport FITS image files, e color liders to get a better view, analyze various detals an.

SalsaJ 1.4

Java-based and Youto view and ed

GIMP 2.10.12 Update 3
P pp, short for GNU

9th 2019, 06:33 GMT Windows 7/ Winc

ImageVIEWca 3.03

9

‘which comes bundled with many options 2

via1 >

& MAC @ ANDROIDAPK & LINUX 8 NEWS & REVIEWS

FREETRIAL: Driver Booster 6 PRO

v Fo T

BUY: 60% OFFA.




1. Kstar

Iris
SubarulmageProce
ssor

Salsal

AvisFV

Rspec

Image)

GIMP

¥2 9, |ImageViewca

w N

O N U s

oA @
‘“' - 10.Aladin
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Kstar
Iris

SubarulmageProce i
ssor ..

X

RSpec lie uniquement les fFichiers FITS 2D moncchrome

(C:\Users\Pierre\Desktop' calexp-HSC-G-10034-0,4.fits)

% FITS Open - KStars

open

Salsal
AvisFV
Rspec
Image)
GIMP
ImageVie\
10.Aladin
11.Ginemo

Message de GIMP

&

Message GIMP

["'ouverture de « (

R-10041-0.0.f a échoué :

Eile View Tools Help

AstroMagic et

l . FITS READ ERROR..

\Users\Pierre\Desktopicalexp-HSC-

Le fichier FITS ne contient pas d'image affichable

£ Imagel

er apres if cmd: OQuvrir , c

This does not appear to be a FITS file.

.Bor

Inemo2-1.10.0.win6d.exe - o X

1o

Valider

Open

|8l

Incompatible file format
ChyUsers\Pierre\Desktopcalexp-HSC-G-10054-0,4.fits
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s it our problem 7

* No one is supporting internal compression
=>|'m not alone to be a little bit reluctant to integrate internal FITS compression methods.

* My fears here —and my observation - is that the fact to authorize a collection of
compression methods in the FITS standard will probably kill - or restrict the

usage of - all tools not CFITSIO based.

* And it is certainly not a good thing for the FITS
interoperability but for sure an efficient way Delatn o the el e Terapst S
to kill the biggest interest of using FITS,

Version 4.0: updated

2016 July 22 b the
IAUFW:

* And probably not a good choice for the future
of the unfortunate internal compressed FITS image
collections.

FIT™™U ng Group
‘Commission 5 Dec

Is it too late? £ -
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Annotating FITS Files
with VO tags
SVOM case

Laurent Michel - Mireille Louys
Strasbourg Observatory



1 X-ray camera

a day

Fast alert data

VOEvents

Laurent Michel

1 Wide field Gamma Ray camera
3 Gamma Ray monitors

1 optical telescope A

X-Band data

Downlink 6 times Svo

== Notifications carried out by

M

Ground segment

Transmitted through a China and France (FSC)
worldwide VHF network
8

Follow-up Data

2 ground IR and visible telescopes
China and Mexico

Transmitted through a dedicated link

i

The SVOM mission



VO In FITS at a Glance

e All SVOM science products are in FITS format
o Mission requirement

e Why VO tags In FITS files?
o OBSCORE: Facilitate the publishing in VO collections
o PROVENANCE: Facilitate the reprocessing with a different setup

e Guideline
o Clear separation between native data (OGIP kws, Mission data, science

data) and VO stuff
B  One FITS extension for the VO: VO-TAGS

o QObscore as a set ok keywords
o Provenance: JSON serialization in a 1x1 ASCII table

e Tools

o A python module to write and read data annotations
® N ot public yet

Laurent Michel



Provenance: Pipeline Workflow

s Calib Level 2

s Calib level 3

- Processing

Intermediate Prds

Pointed Mode

¢ Good Time Interval

We need to track the
processing for each
science product

Calibrated event lists

Calibrated images

GRB Processing Mode
; Source lists -

> Spectra & light curves

Laurent Michel




Provenance DM at a Glance

e Designed around 3 poles (WARNING: the model has evolved since 2017)
o Activity, Agent and Entity

® Prov Speaking: We want to describe the activities leading to our

entities
o E

Agent

Laurent Michel



Provenance View

Observation Mode

—— Entity to be instantiated
e Activity

v Provenance instance

GRB Processing Mode

Laurent Michel



Incremental Provenance Construction

Params

'
enis

Processing Time line

Laurent Michel 7



Python Code Snippet

annotation =
annotation.create_vo_extension()
annotation.set_obscore_keyword( "DP_TYPE",

prov_@ = {

Annotation('../../data/out.fits")

"SPECTRUM™);

"top_entity": {
"description": "",
"name": "task@.out",
"location": "./data",
"was_generated_by": {
. "used_entities": [

{

"fields": [

",

"name": "DummyJob.py",

"location": "./data",

. "was_generated_by": {}

3

1,
"name": "task@",

"configuration": {
"parameters": [

"taskod",

!r@!l’

}

print(annotation.get_provenance_string())
annotation.commit()

Laurent Michel

"columns": ["vo_name", "fits_name", "description”,

[ "dataproduct_type", "DP_TYPE",
["calib_level",

"default_values","allowed_values"],

"dataproduct_type",
"calib_level (@ to 4)",

" ["SPECTRUM", "IMAGE™T,

"CAL_LV", ", [e, 1, 2, 3, 411,

[ "target_name", "TARG_NM", "target_name", "", [11,
["target_class", "TARG_CLA", "target_class" , "", [1],
["obs_id", "OBS_ID", "obs_id" , "", [11,

["obs_title"”, "OBS_TITL", "obs_tittle” , "", [11,

["obs_collection",

"COLL_NM", "obs_collection",

", 11,

["obs_creation_date", "CREA_DAT", "obs_creation_date (IS0 8601)", "", [11,
["obs_release_date", "RLEA_DAT", "obs_release_date (ISO 8601)", "", [1],
["obs_publisher_did", "PUB_DID", "obs_publisher_did", "", []1],

["publisher_id", "PUB_ID", "obs_publisher_id", "", [11,

["bib_reference"”, "BIB_REF", "bib_reference”, "", [11,

["data_rights", "PUB_ID", "data_rights", "", ["Public","Secure", "Proprietary™]],

["access_url”,
["access_format",
["access_estsize",

"URL", "access_url", "", [11,
"FORMAT", "access_format",
"EST_SIZE",

"application/fits", [1],
"access_estsize", "", [1],

["s_ra", "S_RA", "s_ra ICRS (deg)", "", [11,
["s_dec", "S_DEC", "s_dec ICRS (deg)", "", [11,

["s_fov", "S_FOV", "s_fov (deg)

["s_region", "S_REGION", "s_reg .

s region', s /Eciov’, s e). OBSCORE model:

I:”S_UCd”, ”S_UCD”, "S_,UCd", FHY’ - -

L e e Mireille Louys (CDS)_ proposed a
["s_calib_status”, "s_cALsT", *| F|TS-compliant version of the rat,
["s_stat_error"”, "S_STERR", "s_

['s_xel1”, "s_xeL1", "s_xel1”, | Obscore columns

["s_xel2", "S_XEL2", "s_xel2",

["t_min", "T_MIN", "t_min (MJD)

["t_max", "T_MAX", "t_max (MID)", "", [11.

["t_resolution", "T_RES", "t_resolution (s)", "", [11,

["t_calib_status", "T_CALST", "t_calib_status", "calibrated", ["uncalibrated","raw", "calibrat
["t_stat_error", "T_STERR", "t_stat_error”, "", [1],

annotation.store_provenance_string(json.dumps(prov_0, indent=2, sort_keys=True))

" " " "




VO Stuff with FV

| fv: Summary of out.fits in /U4 %| fv: Header of out.fits[1] in /Users/laurentmichel/git/pipeline-k
File Edit Tools File Edit Tools
Index Extension Type Search for: ﬂ Find |Case sensitive? Mo
|0 Primary Image KTENSION= 'TABLE ! J BSCII table extenszion
EITPIX = 8 f array data type
mi YO-TAGS ASCI NARIS = 2/ number of array dimensions
NAETS]1 = 406 f length of dimension 1
NARISZ = 1 / length of dimension 2
"I S outs PCOUNT = 0/ momber of group parsmeters
¥ (3 > source GCOUNT = 1 / number of groups
v e TFIELDS = 1 / number of table fields
iyannot . ;
TTYPEl = 'prowvensnce
> [ %o | models TFORM1 = 'mdlG 1
> [ _init_.py TECOLL = 1
» [#1 annotation.py EXTHNAME = 'WO-TAGS ' F extension name
> “q' del OF_TYPE = 'SPECTRUM' J dataproduct_type
(£ model.py oAl LY = 'NotSet / calib lewel (0 to 4)
V [ > test TAEG MM = 'NotSet S target_name
Eﬁ_init_.py TARG CLA= 'NotSet ! F target class
> R > test annot OES_I0 = 'NobSet / ohs_id
. B -Annot-py OBS_TITL= 'NotSet / obs_tittle
File Edit Tools Hel
_| provenance
Select A406
_| Al
Invert Modify
I 1 I o “top_entity": {hn "description”: "', n "location": ". fdata”, n "pame": “taskl. out", o "yas_genecated_by": {n "configuration”: {%n "parame e

> {fj httpapp 5 REGION= 'NotSet / s_region ICRS
P> i messages 5 RES = 'NotSet ' 4 = _resolution {(arcsec)
> fH pipeline 5 _uch = 'NotSet £ s_ued
» {2 provenance gunme = e I 4 & T
g 5 CALST = 'calibrated’ /5 _calib status
P i3 ref_impl S STEER = 'NotSet {/ =_stat_error
v -H-_jscheduler S_XEL]. = 'NotSet ! r S_XE]_]_
» [ _init_py 5 ¥ELZ = 'HotSet /s xmell
= T MIN = 'HotSet ' F t min (MIO)
5 -gitkeep T M&X = 'NotSet £ t_max (MID)
> [B} configuration.py T RES = 'NotSek ° £t resolution (s)
» [} constants.py %g%g = :;alihratnlad' £ t_calib status
= . | i = 'NotSet F t stat error
P |} execution_plan.py T ¥EL = 'NotSet J tmel
> fj io_management.py EM MIN = 'HotSet Foem_min (m)
» [} log_message.py EM MAX = 'NotSet S oem_max (m)
> F“I i EM UCD = 'NotSet Foem_ucd
£} log_report.py EM_UNIT = 'rm : / en_unit
> !E?. paramManagement.py EM CALST= 'calibrated’ S em calib status
[ Y . f
-]



How to Invite authors to better use
FITS standards ?
(spectra / images)

Why ?

Ny »'Ef»,w: A
£ A | The Astronomical
< B r l almageandTabIe Format
r [ 1}

FITS standards (ex)

* Improve reusability (FITS recommendations)
https://fits.gsfc.nasa.gov/fits_dictionary.html obscore

* Improve discovery : Virtual Observatory

target_name

OBJECT

) s_ra RA, WCS
DataModel ObsCorg (meta—data for observation) Coord. syst. RADESYS
example : CADC, VizieR, NED, ...
s_dec DEC , WCS
Status s_fov wCS
. . . S_region WCS
 The FITS format is generally conform (fits-verify checked) _
S_resolution WCS
» Authors are quite inventive / take some freedom with FITS t_min TIME-OBS
recommendations t_max TIME-END
- Usage of exotic keywords (e.g.: POSRA, POSDEC) t‘expt'm.e =rPTIME
t_resolution ?2??
- Uncomplete WCS .. (e.g.:CUNITx not specified) em_min e
« Alarge variety of serialization for spectra (WCS, multipsec..) em_max Wes
em_res_power WCS

To put FITS spectralimages in the Virtual Observatory

o_ucd -- VO : fixed constant
« ObsCore mapping possible with FITS recommendations pol_states WCS-STOKES
facility_name TELESCOP
‘ are FITS recommendations well used ? A g T


https://fits.gsfc.nasa.gov/fits_dictionary.html

How to invite authors to better use
FITS standards ?

(spectra / images)

VizieR offers a spedcific search for images, spectra
and data-cubes in FITS format.

Authors are not lazzy but they don't know how

« How FITS header are reused ?

« How to create FITS header reusable for the VO ? =
Scope for improvment S B

e Communication with authors :
VO schools, conferences, ... A good FITS hoader & the koy forreusabilty - tho

https:/ffits.gsfc.nasa.gov/

» (Guide authors to improve their data: S
+ coordinates and wavelengths in the WCS system
 observation dates

— Data center documentation, good practices (NED), ... | fsnemens

If the FITS file is not in the standard WCS system, the

- Provide tools to improve FITS header: TSl ot oy
reusapiity o g lle I1s compromised.

FITS header validators?
. . . . Try this tool to check the completeness of your FITS
eX: https:/cdsarc.unistra.fr/vizier.submit/fitsvalidator.html = (CDS) peacer @ @ @ o

* New meta_data S.erialisation ? Part of the brochure for authors *
(e.qg. SVOM serialization, Michel L.)

EWASS - 2019


https://cdsarc.unistra.fr/vizier.submit/fitsvalidator.html
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