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ESA science archives modernization esa

ESAC Science Data Centre (ESDC)

Designs, develops, and operates science archives for the ESA space science missions
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ESA science archives modernization esa

Over the decades, the software architecture of these archives has experienced significant changes passing
through several generations of technology:

Client Layer:

Server Layer:

Java applets Java Web Start Google Web Toolkitgg Angular ';‘
In-house %__i) Open source ?:veansseor\lj(reiz
Java servers —= Java servers

(IVOA protocols)

—

EXOSAT Scuenc_eL

File  View Windows Actions Tools Help I

Search Kp:posures for Obs 1664

Results Display
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ESA science archives modernization esa

Each mission archive was historically developed independently, with its own bespoke backend logic
(proprietary endpoints and data delivery mechanisms) and its own custom frontend (hardcoded search
forms, hard-to-reuse components, ..)

Problems:
- Engineers: obsolete software, specific knowledge per archive, hard to maintain
- Scientists: completely different experience when moving from one archive to another.

Solution (gradually):
The backend of the archives started to be migrated to IVOA standards (i.e. TAP, ObsCore, ..),

and the frontend to Angular web technology with a shared component framework (widgets).

Goals: interoperability, reusability, maintainability
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HiPS generation* pipeline

XMM-Newton Science Archive (XSA) use case

From pointed observations... ...to ESASky

zoom in

*Generated with ‘CDS Aladin/Hipsgen’é@Dd
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HiPS generation* pipeline esa

XMM-Newton Science Archive (XSA) use case

Traditionally, for each ESA archive:

- HiPS generation was performed by manually and occasionally executing archive-custom Linux shell scripts.
(even years passed between executions)

- Cumbersome if many instruments/filters; easy to lose track of status.

New approach:

- Common Java Spring application to orchestrate the generation. Still custom settings per archive, but all same flow:
Input files gathering 2 Python preprocessing = Hipsgen (new/concat) steps 2 Webserver publish

- Keeps track of the progress in a database. Easy to integrate new observations.

- Scheduled or triggered execution.

Pre-process (Python) job Hipsgen Hipsgen concat Hipsgen RGB job
1% execution
EPIC 3COLIM FTZs (gzipped FITS) I HDUO.header HDUO.slice0 [R] | ﬂ o /inputs/R/.FITS |:> drowmakactro _,:.](rc,"tl'.{ oo/ o /permanent/R
HDUO: PrimaryHDU (etruecolor Data Cube) Create symlinks : e
HDU1: ImageHDU (Raw) ’—:> - 17 execution e Red="1e.5 303 log" JXMM-Newton/EPIC-RGE
HDU2: ImageHDU (Filter Wheel Closed) I HDUD'header HDUOslicel [G]I I finputs/G/{}FITS -incremental=true /cache/G CoNGAT Jpermanent/G emGreen="1e5 3e735|og" —
HDU3: ImageHDU (Out-of-Time) [ | ) | NoexTies checkcope oeras — Jtemp/G )| oy ' > cublues"1e 53¢ 30" public webpage
T ! Jor=jpag
L ‘I HDUD.headerHDUO.inceZ [B] I I Jinputs/B/A}FITS 1# execution
R10.3-0.7 keV] = ” |:||;'E;"1"Tlrgsa I;::ce»(cons perans [/C2che/B CONCAT . /permanent/
GO7-12kev] e Jremp/® =
B[1.2-7 keV]
Pre-process and Hipsgen parameters defined by the Scientists 6
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‘M’ is for ‘Maintainability’ M

Every mission archive was building and maintaining the components independently

ESDC’s answer: a shared, common widget library across all services

Built on open standards: TAP-aligned, VO-compatible, and mission-agnostic
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XMM-Newton Science Archive

HOME @EYJN-%i'll COMMAND & URL ACCESS  INTERACTIVE ANALYSIS TAP QUERIES  ASTROQUERY  IMAGE GALLERY i Basket

"
-ﬁ( XMM-Newton Science Archive Search

Targetin @ Field Of View () Circle | ' Box ‘

® Name

O Equatorial

. Name (@ Resolve () Given by Proposer
() Galactic

P Filters for Observation, Proposal and Catalogue Searches

¥ Display options

PPS Sources Slew Observations Catalogues/Upper Limits

Pointed Observations [LJEPIC PPS Sources (] Slew Observations || 4XMM-DR14 Filtered Catalogue
[ Exposures [ ] oM PPS sources (] slew Obs. Segments [ ]4XMM-DR14s Filtered Stack Cat
[ TEPIC Exposures [ ] slew PPS Sources (] Slew Publications :] OM Source Catalogue
[Jom Exposures L slew Survey Clean Catalogue

RGS Exposures (
. P ] Upper Limits

O Proposals
[ Publications

[ Iselect Al

P Radiation Monitor Files
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esa

eHST A Home | Q Advanced Search | M Image Viewer | ~{ Spectra Viewer | B8 HCV Explorer | |B User Guides e SIGNIN‘@esa

Modernizing the Archives: ...to a common approach

HUBBLE

The premier UV
and visible light
telescope in orbit

Search by Coordinates, Target or Proposal ID

Advanced Search >

A treasure trove of
astronomical data

d

ESA HUBBLE HCEVIEXELORER ASTROQUERY DOI ARCHIVE

4'0

'A'

HELPDESK
Get support Explore official Browse the Access eHST Get DOlIs for
about eHST ESA Hubble Hubble using HST programs
and its tools resources Catalog of Astroquery

Variables
MORE - MORE s MORE - MORE - MORE -
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Data Discovery: a simple search esa

A Home | Q Advanced Search ‘ M Image Viewer | »{ Spectra Viewer | B HCV Explorer | |§ User Guides

Search ADQL Console

Observations (2793) Proposals (42)

Search History

target=crab,radius=0.05, data_typ... ¥

FoV:9.2'X29' v SIN DSS2 color

v Expand All = | & |LoadHsC Search...

Basic Search

Target/ Coord RA DEC

crab
Radius (°)
Target List (l]J

Target ‘crab' resolved. 0

Observation ID Target & RA (deg) - Dec (deg) - Instrument Name

" 1] Preview Viewer Products Proposals = - - -
Observation v Min C | Max % Min o | Max 2

B | hst_hsla_vscmtau--0937 n BB | vicMTau  83.633263590295 22.014603058605 |cos-sTis
Proposal v = - ; ‘
(@ hst_17500_10_wfc3_uvis_total if8510 - @ X E] BB CRAB-MOSAIC 83.62538280013197 21.990449638046087  WFC3/UVIS
(@ if8510010 ' @ & = BB CRAB-MOSAIC 8363399205634725 21.983465264159122  WFC3/UVIS
Instrument v
if8510beq ' @ L =] BB CRAB-MOSAIC 83.63456558885943 21.98305685386225 WFC3/UVIS
(@ hst_17500_10_wfc3_uvis_f547m_if8510bd 4 CRAB-MOSAIC 83.62479053654614 21.990884935217665  WFC3/UVIS
&0
Additional Filters v
hst_17500_10_wfc3_uvis_f547m_if8510bf <« @ & =] BB CRAB-MOSAIC 83.62593565088322 21.99007054736768 WFC3/UVIS
% ClEAR m if8510bfq . @ & El BB CRAB-MOSAIC 83.63513911380927 21.982648436896582 | WFC3/UVIS

Retrieved 25 of 2793 rows
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ESDC Search Panel: flexible data discovery esa

Additional Filters

—

+ N

Please add a new filter to refine
your search.
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ESDC Search Panel: flexible data discovery esa

Additional Filters

—

+ N

Please add a new filter to refine search criteria filter
datatype detailed description

your search.

Available for Spectra

DOI End Time End Time MJD (d)

Available for Image

Calibration Level Data Product Type

Prop{ viewer s viewer int | IVOA ObsCore calibration char | IVOA ObsCore data char | ESA DOI Associated to timestamp | Upper bound on double | Upper bound on time
boolean | No available boolean | No available level + extensions (1,2,3) product type + extensions the proposal time axis (timestamp) axis (Modified Julian Day)

description description

Main Science Plane
boolean | Flag to indicate if it is
the upper level associated to
an observation

Instrument

Configuration
char | Instrument keywords

Last Modified

timestamp | Timestamp of last
modification of this row

Fov Size
double | Size of the polygon

bounds (diameter of minimum
spanning circle)

Filter

char | Collection-specific name
for energy band (e.g. filter
name)

Instrument Name
char | Name of instrument used
to acquire observation

Instrdd  Exposure Duration (s)

double | Median exposure time

per pixel
(separated by |)

Members Number
integer | Number of members of
a composite observation
(space-separated list of
Observation URIs)

Start Time
timestamp | Lower bound on
time axis (timestamp)

Release Date
timestamp | Date the data for a
plane is public (UTC)

Members
char | Members of a composite
| + observation (space-separated

list of Observation URIs)

Proposal PI
char | Proposal principal
investigator

Proposal - Program ID
char | Collection-specific
unique proposal identifier

provenance_reference
char | No available description

E m V*CM Tau 83.633263590295 22.014603058605 COS-STIS

Jolis hst_hsla_vscmtau--0937

m CRAB-MOSAIC 83.62538280013197 21.990449638046087 WFC3/UVIS

hst_17500_10_wfc3_uvis_total_if8510
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ESDC Search Panel: flexible data discovery esa

</column>

—
(a
<C
=
(o] <column std="false" esatapplus:flags="0" esatapplus:ref=""> <column std="false" esatapplus:flags="0" esatapplus:ref="">  <column std="false" esatapplus:flags="0" esatapplus:ref="">
f <name>calibration_level</name> <na me.>d.ataproducttype</n ame> <name>main_science_plane</name>
— <description>IVOA ObsCore calibration level + extensions <description>IVOA ObsCore data product type + <description>Flag to indicate if it is the upper level associated to
o) (1,2,3)</description> extensions</description> an observation</description>
o <ucd>caom:Plane.calibrationLevel</ucd> <utype>caom:Plane.dataProductType</utype> <dataType xsi:type="vod:VOTableType">boolean</dataType>
Q <dataType xsi:type="vod:VOTableType">int</dataType> <dataType xsi:type="vod:VOTableType">char</dataType>  </column>
8 </column>
o
X
Q
N

DOI End Time End Time MJD (d)

Available for Image Available for Spectra

Calibration Level Data Product Type

Prop{ viewer s viewer int | IVOA ObsCore calibration char | IVOA ObsCore data char | ESA DOI Associated to timestamp | Upper bound on double | Upper bound on time
boolean | No available boolean | No available level + extensions (1,2,3) product type + extensions the proposal time axis (timestamp) axis (Modified Julian Day)

description description

Main Science Plane
boolean | Flag to indicate if it is
the upper level associated to

an observation

Instrument
Configuration

char | Instrument keywords
(separated by |)

Last Modified

timestamp | Timestamp of last
modification of this row

Fov Size
double | Size of the polygon

bounds (diameter of minimum
spanning circle)

Filter

char | Collection-specific name
for energy band (e.qg. filter
name)

Instrument Name
char | Name of instrument used
to acquire observation

Instrd  Exposure Duration (s)

double | Median exposure time

per pixel

Members Number
integer | Number of members of
a composite observation

Start Time
timestamp | Lower bound on
time axis (timestamp)

Release Date
timestamp | Date the data for a
plane is public (UTC)

Members
char | Members of a composite
| + observation (space-separated

list of Observation URIs)

Proposal PI
char | Proposal principal
investigator

Proposal - Program ID
char | Collection-specific
unique proposal identifier

provenance_reference
char | No available description

(space-separated list of
Observation URIs)

E m V*CM Tau 83.633263590295 22.014603058605 COS-STIS

Jolis hst_hsla_vscmtau--0937

E CRAB-MOSAIC 83.62538280013197 21.990449638046087 WFC3/UVIS

hst_17500_10_wfc3_uvis_total_if8510
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ESDC Search Panel: flexible data discovery esa

e Replaces large forms with a dynamic, column-based filter builder

ADQL Console

data_type~science, ((astart_time ... ” * Select a column, choose a comparator, define a value: create any filter
v Expand All instantly
Basic Search v

 Combine conditions: OR within a group, AND across groups

Observation v
Proposal v * Backed by TAP metadata: column names, types, descriptions and UCDs
Instrument v i n C IU d ed
Additional Filters ~ \
E3N

1 Start. - B Additional Filters ~

End .. ~ (| E
2 Targ.. - E B 1 StartTime 2020-01-01

End Time M < 2020-12-31 @

)
]

Target name + crab

X CLEAR
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A Home | Q Advanced Search‘s Image Viewer | #{ Spectra Viewer HCV Explorer | |H User Guides

D
Search ADQL Console
S— Observations (2462) Proposals (29)
earch History
data_type=science, ((a.start_time ... v 05 34 32.433 +21 58 57.53 FoV:31'X9.6' v SIN DSS2 color Sci. Mode €@ En
! g . ¢
v Expand All

Basic Search
Observation
Proposal

Instrument

Additional Filters

(=]

Observation ID - Target & RA (deg) - Dec (deg) - Instrument Name
e ] Preview Viewer Products R " z
1 Start... v > 1 B Min Max 5 Min 2 2
— ‘ | !
_ B if8510bfq ‘ B ‘CRAB-MOSAIG 83.63513911380927 ‘2 .982648436896582  WFC3/UVIS
End ... v S 1 \
[ ]
if8510beq . @ & E] BB  CRABMOSAIC 83.63456558885943 21.98305685386225 WFC3/UVIS
2 Targ.. v m > B @ hst_17500_10_wfc3_uvis_f547m_if8510bf 0 @ K2 =] BB  CRAB-MOSAIC 83.62593565088322 21.99007054736768 WFC3/UVIS
hst_17500_10_wfc3_uvis_f547m_if8510 2 2 ] & =] BB  CRAB-MOSAIC 83.62536818031897 21.9904685423966 WFC3/UVIS
if8510bdq ' @ & =] BB CRAB-MOSAIC 83.63399205634725 21.983465264159122  WFC3/UVIS
[ hst_17500_10_wfc3_uvis_total_if8510 « @ & =] BB  CRAB-MOSAIC 83.62538280013197 21.990449638046087  WFC3/UVIS
e L m (@ 18510010 . @ & =] BB  CRAB-MOSAIC 83.63399205634725 21.983465264159122  WFC3/UVIS

Retrieved 25 of 2462 rows
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Multiple methods for programmatic accessibility esa
Programmatic AcceZs

Query

|_|:| select * from ehst.archive a where (a.intent = 'science’) and ((a.start_time > '2019-12-31") OR (a.end_time < '2020-12-30")) AND ((a.target_name ilike '%crab%")) order by a.release_date desc

CURL

|E| curl -o file.vot "https:// hst.esac.esa.int / tap-server/tap/sync?LANG=ADQL&REQUEST=doQuery&FORMAT=VOTABLE&TAPCLIENT=ehst-6.0.0-rc2&QUERY=select * from ehst.archive a

where (a.intent = %27science%27) and ((a.start_time > %272019-12-31%27) OR (a.end_time < %272020-12-30%27)) AND ((a.target_name ilike %27%25crab%25%27)) order by
a.release_date desc"”

WGET

|E| wget -O file.vot "https:// hst.esac.esa.int / ‘tap-server/tap/sync?LANG=ADQL&REQUEST=doQuery&FORMAT=VOTABLE&TAPCLIENT=ehst-6.0.0-rc2&QUERY=select * from ehst.archive a
where (a.intent = %27science%27) and ((a.start_time > %272019-12-31%27) OR (a.end_time < %272020-12-30%27)) AND ((a.target_name ilike %27%25crab%25%27)) order by
a.release_date desc"

Astroquery |

I_D from astroquery.esa.hubble import ESAHubble
esahubble = ESAHubble() I
query = "select * from ehst.archive a where (a.intent = 'science') and ((a.start_time > '2019-12-31') OR (a.end_time < '2020-12-30')) AND ((a.target_name ilike '%crab%')) order by

a.release_date desc"

result = esahubble.query_tap(query)

16
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ESDC ADQL Console: query without limits esa

A Home | Q Advanced Search ‘ M Image Viewer | »{ Spectra Viewer | B3 HCV Explorer | |B User Guides @ SIGNIN ‘@esa

Search ADQL Console

Database tree C

s & caom2 select x from ehst.archive a where (a.intent = 'science') and ((a.start_time > '2019-12-31') OR (a.end_time < '2020-12-
« ™§ ehst

s i ehstarchive

ADQL Query Content | B Ctrl + Space to autocomplete

i ehst.archi |
B Background Q Immediate
s i ehstartifact
s il ehst.doi_proposal
s im ehstenergy
s i ehstinstrument
s im ehstmv_doi_generation . . . .
_ | e Full TAP tree with metadata, directly in the interface
> im ehstobservation
> il ehst.obs_simple_obs_composite (
s im ehstplane . .
_ ) * Write and execute custom ADQL queries
> i ehst.position
s i ehstproposal
> i ehst.proposal_id_proposal_type

* Cross-table queries supported

ehst.proposal_num_observations

v
-
-
-

ehst.publication

v
-
-
-

ehst.publication_num_observations

v
-
-
-

* The only limit is the user’s expertise: custom logic with no restrictions

ehst.publication_proposal

v
-
-
-

ehst.target
s ™"& hcv
s ™& hsc

v
-
-
-

17
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ESDC ADQL Console: multiple formats available eésa

A Home | Q Advanced Search | M Image Viewer | #{ Spectra Viewer | 82 HCV Explorer | B User Guides e S|GN|N‘@esa

Search ADQL Console

Database tree ADQL Query Content Ctrl + Space to autocomplete

s "a caom2 select * from ehst.archive a where (a.intent = 'science') and ((a.start_time > '2019-12-31') OR (a.end_time < '2020-12-
+ ™§ ehst

s i ehstarchive

P T ehst.archive_proposal

ackground @ Immediate | Easily switch between synchronous/asynchronous jobs I CLEAR ] [ SUBMIT |

y i ehstartifact

“

5 i ehst.doi_proposal

> um ehstenergy Asynchronous Jobs €
5 i ehstinstrument

E [ ] | Status Creation date Number of rows Size
5 W ehstmv_doi_generation =

9803fc-26fe-11f1-8e0c-44a8421bad408-BETA | 2026-03-23T21:20:28.5247 2462 939721

N

s i ehst.observation

> il ehst.obs_simple_obs_composite

JSON
5 i ehstplane
5 im ehst.position VOTable

5 W ehstproposal
s i ehstproposal_id_proposal_type VOTable (gzip)

il ehst.proposal_num_observations
> W ehstproposal_num. VOTable (plain)

s i ehst.publication

s im ehstpublication_num_observations CcsVv
s am ehstpublication_proposal
, W ehstiarget ECSV Data downloadable in preferred format for
> & hev FITS user
» " hsc Showing 1-1 of 1 1§ First l F'revNe)dlLastl
el nn

18
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A Step Forward for ESA Science Data esa

 ESDC’s commitment to interoperability and the Virtual Observatory community

* HiPS Pipeline: continuous, automated sky maps that are always current, and fully VO-compatible

* Reusable ESDC widgets: flexible discovery tools, consistent across every archive

* Together: data more accessible and exploitable

19
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ESAC Science Data Centre

Thank you

European Space Astronomy Centre (ESAC)
Camino Bajo del Castillo s/n
28692 Villanueva de la Cafada, Madrid, Spain

20
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https://www.cosmos.esa.int/web/esdc
mailto:antonio.Ortega@ext.esa.int
mailto:laura.masselos@ext.esa.int
mailto:esdc_helio_devops@cosmos.esa.int

	Slide 1
	Slide 2: ESA science archives modernization
	Slide 3: ESA science archives modernization
	Slide 4: ESA science archives modernization
	Slide 5: HiPS generation* pipeline
	Slide 6: HiPS generation* pipeline
	Slide 7: ‘M’ is for ‘Maintainability’ (FAIRM?)
	Slide 8: Modernizing the Archives: from bespoke platforms…
	Slide 9: Modernizing the Archives: …to a common approach
	Slide 10: Data Discovery: a simple search
	Slide 11: ESDC Search Panel: flexible data discovery
	Slide 12: ESDC Search Panel: flexible data discovery
	Slide 13: ESDC Search Panel: flexible data discovery
	Slide 14: ESDC Search Panel: flexible data discovery
	Slide 15: ESDC Search Panel: flexible data discovery (bonus)
	Slide 16: Multiple methods for programmatic accessibility
	Slide 17: ESDC ADQL Console: query without limits
	Slide 18: ESDC ADQL Console: multiple formats available
	Slide 19: A Step Forward for ESA Science Data
	Slide 20

