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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  and COST  meetings or Astroinformatics  and COST  meetings or 
pictures found on Internet.pictures found on Internet.

● We acknowledge namely  materials of We acknowledge namely  materials of 
B.Hanish, G. Djorgovski, G. Longo,  T. Hey and B.Hanish, G. Djorgovski, G. Longo,  T. Hey and 
M. Breddels, D Vinkovic, P. Baumann, A Nina M. Breddels, D Vinkovic, P. Baumann, A Nina 
and presentations from AI2016 in Sorrento and presentations from AI2016 in Sorrento 



  

Outline of the Talk

● Data Avalanche in astronomyData Avalanche in astronomy
● Virtual ObservatoryVirtual Observatory
● AstroinformaticsAstroinformatics
● Big Sky Earth Big Sky Earth 
● Transfer of technologyTransfer of technology
● CZVO CZVO 

● Be stars discovery in LAMOST surveys

● Ondrejov Southern Photometry Survey

● Future Future 



Dark Energy Survey Camera

74 chips – 570 Mpixels  - 4m Cerro Tololo



  

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



  

Cherenkov Telescope Array 

27 PB/year in archive



SKA 



SKA



LOFAR network



  

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)

====> Processing to data ====> Processing to data 



  

Virtual Observatory : Key Definitions

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

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

● RegistryRegistry, listing available services and what can be , 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”

Start of VO – early 2000Start of VO – early 2000  



  

IVOA



Space-Time-Coordinate Data Model



Technology of  VO
Unified data format– VOTable, UCD Unified data format– VOTable, UCD (semantics)(semantics)

Web services  (WS) Web services  (WS) 

VOregistry –  Google for data+WSVOregistry –  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)  - VAMDC

TAP (Table Access Protocol) – query e.g. whole SDSS

VOEVENT (transients, robotic telescopes,Sun)

datacubes, DATALINK on-the-fly data processing



Technology of  VO 

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

XMATCH, REGION  (2 catalogues – shifted)

  

Application interoperabilty  –  Application interoperabilty  –  SAMPSAMP
Allows develop applications as bricks

sending VOTABLES  (catalogue-spectra-images)

  



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 



Simple Spectra Access Protocol
Spectral Data Model



SSAP Parameters



SPLAT-VO 
(Starlink, Heidelberg, Ondrejov)



VOspec (ESAC)



From T. Hey, AI2010

T. S. Kuhn – Structure of Scientific Revolutions 



X-informatics

Changing methodology of 
the Science

Synergy between different 
worlds

Sociological aspects 
(net-based research 
communities)



Longo 2010



  
http://eas.unige.ch/EWASS2017/session.jsp?id=S14
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Data Driven Science



Hidden Patterns in Data



Visualization in Machine Learning



Visualization of Big Data

Breddels 2016



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

P. Škoda 
Czech Representative in MC





Remote sensing – Big Data 
Machine Learning

Precise farming 

Forestry

Ore mining 

Water resources monitoring

Automatic classification of terrain

Resistence of buildings (Aquilla)

Mobile network structure – disasters

Customized product for every user

 





Big Sky Earth Commons

Vinkovic 2016

computing resources, digital curation, numerical methods, knowledge 
discovery in big data sets, machine learning

detectors, telescopes, satellites

Astronomy Earth Observation



Impact 
Big Data is not just bigger, it is different!

Success in research will depend on the ability
 to mine knowledge from that data.

 
And some of the most interesting science

 probably hasn’t even been imagined!



Astro-Neurology



Finding Galaxies by Shape NASA



Finding Cancer Signatures NASA





  

BT and MT at  Faculties of IT 
 astroinformatics and VO

●FIT VUT Brno 
2011 1 BT  (Random Forests in Astronomy)
1 PhD – Wavelets Dimensionality Reduction  (pending)

●VŠB-TU  Ostrava
2013+2015 1 BT  1 MT  -  SPLAT-VO ₊

●FIT ČVUT (8 BT+5 MT) 
● 2012  2 BT  (VO-Korel+SSA proxy)
● 2013  2 BT  (OSPS Image + Catalogue Server)
● 2014  2 BT  (Random Forests + SOM)
● 2015  1 BT  (VO-Cloud)

2 MT  (Clustering OSPS + Deep Learning)
● 2016  2 MT  (Semisupervised learning + Outlier finding)
● 2017  1 MT (VO Cloud) + 1 BT (deep learning)+ 1 PhD (VO light curve)



  

VO Services of CZVO



2m Perek telescope (1967)



  

Machine Learning of Spectra 

Use case:  ML of spectra profile  of Halpha line (Be stars)Use case:  ML of spectra profile  of Halpha line (Be stars)

DEMO

Be stars

Disk or envelope

Rotates, Hot

Origin ?????



  

Spectra - query output and previews



  

Spectra in SPLAT-VO - query



  

Spectra in VO – direct access plot



  

Spectra in SPLAT-VO - DataLink



LAMOST (Guoshoujing) 

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







VO-CLOUD spectra visualisation



  

 Be Candidates Found



  

Yet Unknown Be Star (UCAC ...) 



  

Virtual Observatory inside  

● OND 2m archive on  OND 2m archive on  SSAPSSAP protocol  (spectra access)  protocol  (spectra access) 

● LAMOST DR1 on LAMOST DR1 on SSAPSSAP  (using DaCHS)  (using DaCHS)

● Preprocessing (rectify, cutout) – Preprocessing (rectify, cutout) – DataLinkDataLink on server  on server 

● SAMPSAMP (send spectra  to  (send spectra  to SPLAT-VOSPLAT-VO   - view details)   - view details)

● Visualization on sky Visualization on sky ALADIN, X-MATCH CDSALADIN, X-MATCH CDS

● VO-CLOUD – cloud engine based on VO-CLOUD – cloud engine based on UWSUWS REST jobs REST jobs

● Cross-matching   (Cross-matching   (ADQL, TAP, TOPCAT, TAPhandle, ADQL, TAP, TOPCAT, TAPhandle, 
pyVO, VizierpyVO, Vizier ) )

● Very similar methodology in e.g.  Mass spectrographyVery similar methodology in e.g.  Mass spectrography

● DNA analysis – search for patternsDNA analysis – search for patterns



Danish 1.54m at La Silla
robotized in Summer 2012



  

Danish 1.54m Telescope



  

Reduced OSPS image + bintable 
photometry in 2nd extension



  

SIAP – Raw images query



  

Raw images results 



  

OSPS SIAP in Aladin (DSS in back)



  

OSPS Image coverage (footprints)



  

Data Cubes = Scientific Data Structure



  

OSPS Light curves – plot (customized)



  

OSPS Light curves in SPLAT-VO
using Sparse Cube DM



  

OSPS Light curves – plot (customized)



  

Conclusions  
● Machine learning on Big Data archives may identify Machine learning on Big Data archives may identify 

new interesting objects yet unknownnew interesting objects yet unknown

● Global Data Federation from Multiple fields  Global Data Federation from Multiple fields  

● Crucial is interactive visualization Crucial is interactive visualization 

● Future science will be multidisciplinary Future science will be multidisciplinary 

● Wide collaboration of experts and informaticiansWide collaboration of experts and informaticians

● Education of new expert – Data ScientistEducation of new expert – Data Scientist

● Transfer of technology – commercial interestTransfer of technology – commercial interest

● X-Informatics  ←  Philosophia (love of wisdom) X-Informatics  ←  Philosophia (love of wisdom) 

● VO-like  technology helps in every step VO-like  technology helps in every step 
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