
  

  

Petr Škoda

Astronomický ústav AVČR Ondřejov

Informatický večer FIT ČVUT Praha
7.11.2016

S podporou grantu MŠMT COST  LD-15113
akce COST TD-1403

Astroinformatika 
Cesta k pochopení Vesmíru

 z astronomicky velkých dat



  

Credits

● The presentation is based on many different The presentation is based on many different 
sources – mainly the on-line published slides sources – mainly the on-line published slides 
from IVOA meetings, slides from from IVOA meetings, slides from 
Astroinformatics  workshops or pictures found Astroinformatics  workshops or pictures found 
on Internet.on Internet.

● We acknowledge namely  materials of E. We acknowledge namely  materials of E. 
Solano, E. Hatsiminaoglu, B.Hanish, G. Solano, E. Hatsiminaoglu, B.Hanish, G. 
Djorgovski, G. Longo, O. Laurino, T. Hey, L. Djorgovski, G. Longo, O. Laurino, T. Hey, L. 
Fortson and presentations from AI2016 in Fortson and presentations from AI2016 in 
Sorrento Sorrento 



  

Outline of the Talk

● Data Avalanche in astronomyData Avalanche in astronomy
● Virtual ObservatoryVirtual Observatory
● AstroinformaticsAstroinformatics
● Visualizations Visualizations 
● Transfer of technology Transfer of technology 
● Citizen ScienceCitizen Science

● Astroinformatics in  CRAstroinformatics in  CR



  

Data Avalanche



  

Data Avalanche

Moore law for chips –doubling 1.5 yearMoore law for chips –doubling 1.5 year

Data in astronomy – doubling < 1 yr !  Data in astronomy – doubling < 1 yr !  (1000/10 yr)(1000/10 yr)



  

CD Sea

600 000 CD = 372 TB  (CD 650MB) 
600 000 DVD = 2.5 PB (DVD=4.5GB)

Bruce Monro 
Kilmington UK



  

5o x 5o  H-r’

A huge SN remnant: Sh 2-
147

Credit: A Ziljstra, J Irwin
(NB:  created with 

Montage)



Dark Energy Survey Camera



Gaia 



GAIA CCDs
106 CCDs 

 938 Mpix 

2800cm2



  

Large Synoptic Survey Telescope  

201 CCD  4kx4k, 
3.2 Gpix every 20 sec 
3.5 deg FOV (64cm)
20 TB/day=6 PB/yr RAW
1.5 PB catalogue !!!
detection of changes 60s!

38 billion objects x 1000
32 tril. meas. -5 PB table



Project EUCLID 

Dubath 2016



EUCLID principles

Dubath 2016



Euclid Data Archive



Atacama Large Milimeter Array
ALMA

64 antennas 12m
Chajnator 5000m
Chile
2008-2013

it is spectrograph
as well as ...

0.5-2 PB/yr RAW



LOFAR network



SKA



SKA 



SKA



Square Kilometer Array
SKA



SKA Data Challenge



SKA Processing Challenge



SKA Archive Volumes



Cherenkov Telescopes - Current



Cherenkov Telescope Array 



Gravity Wave First Detection 



GW150914 BH Merger

BH 30+35 Msun  = rotating BH 62 Msun,  3 Msun released in GW , 200ms chirp 



Gravitation Wave Detection Network



10^10 particles10^10 particles

Several Gpc to Several Gpc to 

10 kpc10 kpc

Cube 2 billion lyCube 2 billion ly

One month MPSSCOne month MPSSC

25 TB25 TB

Evolution of 20 mil Evolution of 20 mil 
galaxiesgalaxies

Evolution merger treeEvolution merger tree

Millenium RunMillenium Run  



Simulations of the Universe



Simulation of the Universe



Simulation of Universe



Problem of 1PB Data Transfer



  
D'Abrusco 2010

Data analysis at storage place
Move processing = not data !



  
D'Abrusco 2010



  

Virtual Observatory : Key Definitions

● ““The Virtual Observatory will be a system that allows The Virtual Observatory will be a system that allows 
astronomers to interrogate multiple data centers in a astronomers to interrogate multiple data centers in a 
seamless and transparent way, which provides new seamless and transparent way, which provides new 
powerful analysis and visualization tools within that powerful analysis and visualization tools within that 
system, and which gives data centers a standard system, and which gives data centers a standard 
framework for publishing and delivering services using framework for publishing and delivering services using 
their datatheir data”.”.

● Standardization of data and metadata, and of data Standardization of data and metadata, and of data 
exchange methods.exchange methods.

● Registry, listing available services and what can be Registry, listing available services and what can be 
done with them.done with them.  

R.J.Hanisch, P.J.Quinn, in “IVOA – Guidelines for participation”R.J.Hanisch, P.J.Quinn, in “IVOA – Guidelines for participation”



  

IVOA



  

Ontologies in Astronomy

From Graham, M. AI2010

SKOS, RDF standards, search with understanding (not return QSO as binary star)



Ontologies 



Technology of  VO

Unified data format– VOTable, UCD (Vizier)Unified data format– VOTable, UCD (Vizier)

Transparent transport  (unit conversion)Transparent transport  (unit conversion)

Web services  (WS) Web services  (WS) e-commerce, B2B, J2EE, .Nete-commerce, B2B, J2EE, .Net

VOregistry  (DNS like)  Google for data+WSVOregistry  (DNS like)  Google for data+WS

protocols protocols 
ConeSearch (searching in circle on sky)

SIAP (Simple Image Access Protocol)

SSAP(Simple Spectral Access Protocol)

SLAP(Simple Line Access Protocol)

TAP (Table Access Protocol)

VOEVENT (transients, robotic telescopes,Sun)

more – datacubes, on-the-fly data generation....



Technology of  VO 

ADQL (Astronomical Data Query Language)ADQL (Astronomical Data Query Language)

XMATCH, REGION  (2 catalogues - shifted)  

Application interoperabilty  – (PLASTIC), Application interoperabilty  – (PLASTIC), SAMPSAMP
Allows develop applications as bricks

sending VOTABLES  (catalogue-spectra-images)

Commercial interest (GoogleSky, MS WWT) Commercial interest (GoogleSky, MS WWT) 



Ecosystem of  VO – level 0



Ecosystem of VO – level 1



 Ecosystem of VO – level 2



FITS standard

>30 years, separation of metadata (human readable and data )



  

VOTable

<TABLE name="SpectroLog">
<FIELD name="Target" ucd="meta.id" datatype="char" arraysize="30*"/>
<FIELD name="Instr" ucd="instr.setup" datatype="char" arraysize="5*"/>
<FIELD name="Dur" ucd="time.expo" datatype="int" width="5" unit="s"/>
<FIELD name="Spectrum" ucd="meta.ref.url" datatype="float" arraysize="*"

unit="mW/m2/nm" type="location">
<DESCRIPTION>Spectrum absolutely calibrated</DESCRIPTION>
<LINK type="location"

href="http://ivoa.spectr/server?obsno="/>
</FIELD>
<DATA><TABLEDATA>
<TR><TD>NGC6543</TD><TD>SWS06</TD><TD>2028</TD><TD>01301903</
TD></TR>
<TR><TD>NGC6543</TD><TD>SWS07</TD><TD>2544</TD><TD>01302004</
TD></TR>
</TABLEDATA></DATA>
</TABLE>

Serialization (metadata first, end of data unknown, tree structure)



VOTable Serialization



Universal Content Descriptors



Characterization 

Curation – long time preservation issues (digital libraries)

Provenance  (how was processed, links to other products)

Characterization level 1 (spatial, spectral, temporal, 
polarization, location, coverage, porosity – SUB-CUBE)

Characterization level 2 (distorsion in images, spectra with 
nonlinear resolution …..)



Space-Time-Coordinate Data Model



Cherenkov Telescope Array Data Model



VO-DML



  

VO Registry – XML 



Simple Spectra Access Protocol
Spectral Data Model



SSAP Parameters



Big Data handling

VO Space Moving big tables across (load only results)

SSO   Authentication, authorization, groups and consortia 

UWS Universal worker service (job synch, asynch)

PDL  Parameter Description Language

SIM-DB     Simulations, theory data 



SPLAT-VO (Starlink, JAC)



VOspec (ESAC)



Colour-magnitude diagramColour-magnitude diagram



Data-Knowledge-Wisdom Pyramid



From T. Hey, AI2010



X-informatics
Changing methodology of 
the Science

Synergy between different 
worlds

Sociological aspects 
(net-based research 
communities)



Longo 2010



Astroinformatics 
● Analogy – Bioinformatics (Genome analysis with GRIDS, ATB)Analogy – Bioinformatics (Genome analysis with GRIDS, ATB)

● e-Science in Astronomy e-Science in Astronomy 

● Data mining, Knowledge discovery  - VO-NEURAL, DAMEData mining, Knowledge discovery  - VO-NEURAL, DAME

● ExamplesExamples

• Photometric RedShift 
• Searching for QSO (light curves, MOS)
• Automatic Light curves classification (GAIA, LSST)

● New ways of scholar communication (VR, 2New ways of scholar communication (VR, 2ndnd Life, U-Science) Life, U-Science)

● BIG data problems, GPUs, NoSQL DB, visualization, BIG data problems, GPUs, NoSQL DB, visualization, 

● Very NEW – emerging discipline Very NEW – emerging discipline 



Longo 2009
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Data Driven Science



Hidden Patterns in Data



Visualization in Machine Learning



Visualization of 1 B points – Gaia DR1



Visualization of Big Data



Visualization of Big Data



Visualization of Radio Data Cubes



Advanced Visualization



Star Forming Regions in Galaxy



Via Lactea – Star Forming 



CAVE2 Monash University AU

8m diameter, 330 deg FOV , 80x LCD 46“  1366x768 Stereo + head tracking …... 



From Astronomy to Earth Sciences



Big Data Era in Sky and Earth Observation – TD 
1403 COST action



Finding Galaxies by Shape NASA



Finding Cancer Signatures NASA



New e-Science Collaborations



Astro-Neurology



U-Science, Carbon Computing 

e-Science emerged ~10 yrs ago using the web protocols
that were common at that time:
– web services, XML-based information exchange, registries,
distributed data access, distributed computing (Grid) =
machine-to-machine communication

U-Science is now emerging from today’s web protocols:
– social networking, ubiquitous devices, user-centric
experiences, user-led activities, user-generated content, wikis,
blogs, mashups, tagging, annotation, ontologies (semantic
web), folksonomies, knowledge-sharing, user
recommendations = user-to-user communication

• The emergence of Citizen Science:
– Anybody can participate in the science discovery process
• Anyone can annotate, tag, and label scientific results:
– scientists, students, and citizen scientists

From K. Borne AI2010



Scientific Communities 

From O. Laurino  - AI2010





Galaxy ZOO 

> 20 Science papers published so far



www.zooniverse.org 



Examples ZOOniverse 







Citizen Science x Expert Science 

Verified by human – training setsVerified by human – training sets

Independent answers=estimate of errorIndependent answers=estimate of error

Serendipitious discoverySerendipitious discovery

Scale - complexityScale - complexity

Galactic Peas



Longo 2010

“There are known knowns.
These are things we know that we know. 
There are known unknowns. 
That is to say, there are things that we know 
we don't know. 
But there are also unknown unknowns. 
There are things we don't know we don't 
know.”



 Knowledge Discovery in U-Science

Known knowns :
Primary task. Data reduction by
science team.

Known unknowns :
Related to primary task. Results
funneled to specific researchers.

Unknown unknowns :
Serendipity. Currently rely on
forum moderators to filter.

Hanny van Arkel - Voorwerp Light echo of quasar?



Challenges of (Astro)informatics
Big Data  3(5)xV

●Complex

●Missing values

●Censoring

●Upper limits

●Parallelization  (Massive - GPU – new algorithms) 

●Queries in PB table 

●Visualization of many dimensions

●Stream processing

●Non- Gaussian Statistics, PDF



  

Příklady BP a DP na FIT z 
astroinformatiky a VO

●FIT VUT Brno 
1 BP  (Random Forests in Astronomy)
1 PhD – Wavelets Dimensionality Reduction  (pending)

●VŠB-TU  Ostrava
1 BP  1 DP  -  SPLAT-VO₊

●MU PřF Brno 
2 DP + 2 PhD. ( ML of Spectra (pending) + precise RV for exoplanets – SW ?)

●FIT ČVUT 
● 2012  2 BP  (VO-Korel+SSA proxy)
● 2013  2 BP  (OSPS Image + Catalogue Server)
● 2014  2 BP  (Random Forests + SOM)
● 2015  1 BP  (VO-Cloud)

2 DP  (Clustering OSPS + Deep Learning)
● 2016  2 DP  (Semisupervised learning + Outlier finding)
● 2017  1 DP + 2 BP ????



Danish 1.54m at La Silla
robotized in Summer 2012



  

Danish 1.54m Telescope



Reduced OSPS image + bintable 
photometry in 2nd extension



OSPS SIAP in Aladin (DSS in back)



OSPS Image coverage (footprints)



Parallelized Clustering of Positions



OSPS Light Curve in SPLAT 



  

Be Stars : Emission in absorption



LAMOST (Guoshoujing) 

Xinglong- China
4m mirror (30 deg meridian)
4000  fibers
10 mil spectra / 5 yr
Automatic RV-z



  

 Be Candidates Found



  

LAMOST TSNE  Structure 



  

 Be Candidates Found



  

 Be Candidates Found



  

Yet Unknown Be Star 



Be Candidates Foud



  

 Be Candidates Found



  



  

AGN Populations    

Sulentic et al. 2002

Population A Population B


