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Virtual Observations 2016 
is about 

 BigData  

 Data bases 

 Information Systems in Astronomy   

 Data mining  

 Data processing 

 Data  federations  



Big Data Machines 

• Lofar 2010          www.lofar.org 

• VST-OMEGACAM 2011   www.astro.rug.nl/~omegacam 

• ALMA  2013                     www.eso.org/sci/facilities/alma 

• GAIA 2014                            www.sci.esa.int/gaia/ 

• EUCLID 2020                             www.euclid-ec.org 

• LSST             30Tb/night                           www.lsst.org 

• SKA 2022                                      www.skatelescope.org 

• The virtual observatory, Euro-VO, IVOA 

 VO and Datamining 

http://www.lofar.org/
http://www.eso.org/sci/facilities/alma
http://www.sci.esa.int/gaia/
http://www.euclid-ec.org/
http://www.euclid-ec.org/
http://www.euclid-ec.org/
http://www.skatelescope.org/


DS & CS  - data scientist 

 

Target  



e-science 

• Beyond “workstation science” of the 80-90’s 

• Distributed services 

• Distributed communities 

• Distributed archives 

• p2p networks – KAZAA- NAPSTAR 
Share cpu 

Share storage 

Share info / meta data /knowledge 

VO and Datamining 



Datacentric > 2015’s    living archives 
communities - data federations 

 

 

 

 

• 1-100 Pbyte 

• Compute        – local– grid -local      

• Data Store      - distributed  

• Data manage - database  
Target  

          data scientist 





KiDS 
VLT Survey Telescope (VST) 

2.6m telescope 

1 sq.deg. optical camera 

OmegaCAM 
VISTA 

4m telescope 

0.6 sq.deg. InfraRed 

camera 

Target  



260 Mpix every 300 sec 10 year 



t 



Leo triplet 

  



ESO public surveys 

Target  



OmegaCAM  24% 

(~2500 GB) 

VIRCAM  72% 

(~7500 GB) 

All Current Paranal 

Instruments  4% (433.2 GB) 

Paranal Monthly Data Rates 2007 statistics 

Mark Neeser  

VO and Datamining 



7-11-2014 

Credits: A. Szalay, T. Tyson 

#Astronomers 

after Tyson- Szalay 



Basics- Surveys 

• Defined area on sky 

• Homogeneous 

Survey limit 

Flux (magnitude) 

Size 

Surface brightness 

distance 

• Quality control 

VO and Datamining 



Basics - time 

Everything changes in time 

• Physical changes 

• Our inside in modeling 

• Methods, code, bugs 

VO and Datamining 



basics- pipelines 

• Workflow 

• What triggers a pipeline? 

Data items 

Operators 

users 

VO and Datamining 



Datacentric 2003-2015’s 
local networks   and internet  

         

 

 

 

• 1-100 Tbyte   – Pbytes 

• DPU- Distributed Processing Unit      

• Distributed Data server  

• Data manage - database  
Target  

User  

2003 Rug-CIT 



 

VST - Virtual Survey Telescope 

VO and Datamining 



Target  

www.astro-wise.org 



Basics - Information systems 
• Pipeline design 

• Standards: Fits, table format- VO Standards 

• Protocols 

• Project management- sociology 

• Data model   

• Data base 

• Integrated/ distributed File systems 

- Grid FTP, AstroWise,  Hadoop, Cloud, Dropbox 

- Distributed computing 

Grids, cloud computing 

 

 



Quality control 

• Distributed  

• Shared over the whole community 

• web based 

• OmegaCAM calibration plan 

• OmegaCAM observing strategies 

 

VO and Datamining 



Astro-WISE information system – 
fully datacentric 

All data beyond pixel data is Metadata 

 

all pixel data  <–>data servers 

all Metadata <–> database          

         

compute clusters / GRIDs all I/O to db 

• all components scalable 

• all components EU distributed 

 

 

 

 

VO and Datamining 



Central role db 

• All I/O via db  ; metadata, source catalogues 

• Objects persistent in db 

• Quality control 

• data server access via global filename (key) in db 

• Security 

• (parallel)processing 

• Webservers 

• Synchronized real time National Nodes 

 



Data Model 

 

Astro-Wise-tec april 2011 

–Sanity checks 

–Quality control 
–Calibration  

–procedures 

–Image pipeline 

–Source pipeline 



Data model-> ++ model->Target Diagram 
Data-centric /backward chaining 

Target  
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Astro-Wise-tec april 2011 

Target processing 
++ the make metaphor 

awe> targethot=HotPixelMap.get(date='2003-02-14', chip='A5382')  
 

The processing chain is: 
 

ReadNoise <-- Bias <-- HotPixels 
 
 
 > class HotPixelMap(ProcessTarget):  
 > > def self.make() 

 
 > class ProcessTarget(): 
 > > def exist()                  # does the target   exist?  
 > > def uptodate()          # is each dependency up to date? 
 > > def get(date, chip)   # if not exist/up-to-date then make() 
 

                                    Fully recursive 
 



Astro-Wise-tec april 2011 

Persistency dbobject 

Class DBMeta    # python<->db  
    def __new__   # makes any derived Class persistent 
 def __call__     # instantiate persistent object - attributes 
 
Class DBObject: 
  __metaclass__= DBMeta 
 object_id = persistent('The object identifier', oidtype)  #unique 
  
# make it 
 example = DBObject()  
 example.commit()  
 
# get it 
 oid = example.object_id  
 result = DBObject(object_id = oid)  



Astro-Wise-tec april 2011 

Persistency dataobject 

from astro.database.DBMain import DBObject, persistent 

class DataObject(DBObject): 
filename = persistent('File part of this object', str, '') 

 

example =DataObject(pathname='example.txt') 

example.store() 

example.commit() 

 

g = DataObject.filename.like('example*') 

 



Astro-Wise-tec april 2011 

AstroWise paradigm 

 “Classical”   paradigm 

Forward chaining 

 Target processing - Awe 

Backward chaining 
 waterfall model  

 TIER architecture 
 User hunts upstream 

 driven by input raw data  Driven by query of user  

 Process in pipeline 

workflow 

 Process in bits and pieces on the fly 

Backward chaining 

 Operators push data  User pulls data 

 Results in releases  Provide information system 

 Static archives – publish  Dynamic archives –publish Internet 

 Raw data - obsolete  Raw data is sacred 



Object view 

Target  



Astro-Wise-tec april 2011 

  

 

+ WFCAM, MegaCAM, LBC, ISAAC, LOFAR 



Quality control- flags 
• Quality flags 

System quality_flags (method verify) 

User is_valid  (method inspect by user)  
0 = bad 

1 = OK 

2 = Qualified - ready for delivery  

• Context - privileges 

1 Mydb                     user_CalFile 

2 Project, eg KIDS   
Project favorite flag       project CalFile 

3 AstroWise              Awe Calfile 

4 World  

5 VO  

 

Astro-Wise-tec april 2011 



Astro-Wise-tec april 2011 

QC - calibration scientist monitoring 



 4 Lines script 

#Find ScienceFrames for a ccd named ccd53 and filter  

 awe> q = (ReducedScienceFrame.chip.name == 'ccd53‘) and 
(ReducedScienceFrame.filter == ‘#841’)  

 

# From the query result, get the rms of the sky in image  

awe> x = [k.imstat.stdev for k in q]  

 

# get the rms of the used Masterflat 

awe> y = [k.flat.imstat.stdev for k in q]  

 

# Make a plot  

awe> pylab.scatter(x,y)  



CLI 



Re-processing view 

Target  



Global Astrometry 
reproducibility 

37 

Local solution Global solution 
(Internal regrid-to-regrid residuals of 
one WFI N=4 dither) 

Astro-Wise-tec april 2011 



Quality view (a) 

Astro-Wise-tec april 2011 





Quality view 

Astro-Wise-tec april 2011 



KiDS: data quality 
KIDS_129.0_-0.5 

r 

e = 0.04 

PSF stable over FOV 

Target  



DES 

KiDS/VIKING survey status 
dd May 2015: ~375sq.deg in ugri(ZYJHK) 

DR1  DR2 delivered 



Astro-Wise-tec april 2010 

the avalanche 

 

• on-the fly re-processing for everything  

• 5LS: 5 Lines Script   Awe> prompt   Python 

• Trend analysis         Awe > prompt 

• All dependent bits are traced “tell_me_everything_tool 

• Administration for parallel processing -compute GRID      
Connect to EGEE - Grid 

• Global solutions  
astrometry/photometry 

• Build–in workflow 

• Fully user tunable – own provided script 

• Context: projects/surveys, instruments, mydb 

• Publish directly in EURO-VO 

 



AstroWise  
living archives – data production 

• Modeling dependencies 

• 64 bit identifyer 

• Terabytes of pointers 

• Extreme datalineage ++ 

• Distributed-acces-proces-
calibrate- QC -analysis 

• Distributed- Kids etc 

11 nodes - 260 users 

2Pb, 45M file 

10 Giga table entries 
 

 

 

 

Target  

Leiden 

Groningen 

Bonn 

Munich  

Padua 

Naples 

Potsdam 
Nijmegen 

Toulouse 

WFAU 

CASU 

Lyon 
Zürich 



j0109 

j0305 

j0328 

j0839 

j1215 

j2318 

j2348 

redshift 
  i             Z             Y           J            H          K 

6.75 

6.61 

5.85 

5.82 

5.92 

6.45 

6.90 

←20”→ 

QSO 

High redshift QSOs 



Most distant quasars in the universe 
KiDS QSO at z~5.8 in 5 months  

PhD 2012 Johnson Mwebaze / Venemans 

NTT/EFOSC2, 30jun12 

Ly-break+alpha 

i Z K Y J H 

Target  



today 



VIKING & KiDS 

completed 



ESO VLT   24 IFU  100 Gb/night                                    Willem Jan Vriend 





Target  



WP 3) Visual Analytics 

● Request Data 

– Assume full data is too 
large 

– Request/access only 
what is necessary 

● Return Insights 

– Selections 

– Classifications 

– Derivations 

         Data federations 



Euclid 



Image courtesy of ESA 

                        Euclid   ESA 
 

• Due for launch in 2020 

 

• 1300 registered users in  

      130 institutes  13 countries 

 

• Euclid Archive System (EAS) is data 
centric information system with 
many of the WISE concepts 

 

• EAS prototype uses Astro-WISE code 
hosted in the Euclid SDC-NL in 
Groningen 

 

 



Weak gravitational lensing  
as probe of dark matter and dark energy 

Target  

Shear tomography 

light rays deflected ~3’ 

by Large Scale Structure 

gravitational shear as  function of source redshift 

tomographically reconstruct 3D gravity field 

KiDS:        < 100 106  redshifts 

EUCLID:         1 109 redshifts 

4.9% 

27% 

68% 



Distributed communities 
acces-proces-calibrate-analyse 

publish 
  

 

 

Euclid: 

o 1300 registered members and growing 
o 800 researchers  

o 130 laboratories/departments  

o 13 European countries contributing: Austria, 

Denmark, France, Finland, Germany, Italy, 

Netherlands, Norway, Spain,Switzerland, Portugal, 

Romania, UK    +  USA IPAC 

o NASA/US: provides the IR detectors. 

 



Target  



 



Data federations ingredients 

Project management – Sociology  (– GAIA ! ) 

Standards            Data model 

 

Compute server     data server            database 

 + Various abstraction layers 

 zoo of hardware /  hardware operations 

 datacentric  

full reproducibility – lineage  

QC – re-processing     

 Target  



Euclid Archive System 
Target – ESA 

data centric approach 

Target  



EAS Design  

Data Processing System 
(EAS-DPS)  

Science Archive System 
(EAS-SAS) 

Distributed Storage System 
(EAS-DSS)  

Integral part of SGS   
 
Euclid Common Data 
Model  
 
Consortium Services 
  

Part of ESA archives   
 
Science Exploration 
Data Model 
 
Scientific Exploitation  
Services 
  

Distributed storage system -  storage nodes in each SDC and SOC    
File storage with additional interfaces for Euclid services (cut-out, visualization)    

Data files  
storage 

Computing 
facilities 

SOC 

Data files  
storage 

Computing 
facilities 

SDC-FR 

Data files  
storage 

Computing 
facilities 

SDC-ES 

Data files  
storage 

Computing 
facilities 

SDC-NL 

Data files  
storage 

Computing 
facilities 

SDC-DE 

Data files  
storage 

Computing 
facilities 

SDC-UK 

Data files  
storage 

Computing 
facilities 

SDC-IT 

Data files  
storage 

Computing 
facilities 

SDC-FR 

Data files  
storage 

Computing 
facilities 

SDC-FI 



Science Archive  

System 

S
D

C
-Y

 

Metadata 
storage 

Metadata 
Access Layer 

Consortium  
User  

Service 

Consortium  
Processing 

Service 

Metadata 
Ingest 

Service 

IAL 
DSS  

server 

DSS  
Storage  

Node Interface 

COORS 
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Data Processing System 

HPC 

S
D

C
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DSS  
server 

Metadata 
storage 

DSS  
server 

S
D

C
-Z

 

Euclid Data 
Model 

Euclid 
data 

model 
in XSD 

EC user EC user 
public 
user 





Astro-WISE – LOFAR LTA 

 

5 Petabyte/year 

 

 

 

Target  

 



MuseWISE 
 

Target  

ESO VLT 

IFS   24 IFU 

100 Gb/night 



Monk -L. Schomaker 372 books 
Nl National Archive- Czech, Sorbonne, Harvard, 

Stanford, Uppsala 

Target  
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Lifelines – Healthcare 
165.000 persons- 30 years 

LifeWise 

METABASE 

MOLGENIS 

Molecular 

Care 

Physiology  

GCC 



GLIMPS - Visualization of decision trees   
Orange   -Interactive  



GLIMPS - Visualization of decision trees   
Static            J. Roerdink- D. Williams 

• Decision trees are used to classify 
healthy vs. diseased subjects. 

• The tree is augmented with scatter 
plots and thumbnails to better 
understand the data. 



> 2015 
Data federations 
• Standards 

• Project management 

• Sociology 

• Security 

• Focus on projects – disciplines - domains 

Share common infra 

Share common expertise- datamanagement  

• Stay away from  “heal the world” type solutions 

Target  



KIDS DR1 DR2 

 



Data Pulling  - Query driven Visualization 

 

Collaborative 

distributed 

Interactive  

 
– Collaborative 

– distributed 

– Interactive  

Pushing to 

>109  rows 



Query driven visualisation 

VO and Datamining 



      

           Dit project wordt medegefinancierd door het Europees Fonds voor 

Regionale Ontwikkeling en door het ministerie van EZ, Pieken in de 

Delta. Het project wordt mede mogelijk gemaakt door de gemeente 

Groningen, de provincie Groningen, de provincie Drenthe en SNN en 

staat onder auspiciën van Sensor Universe.  

 

 

 

 

 

 

 

 

http://www.oracle.com/technology/index.html
http://images.google.com/imgres?imgurl=http://bp2.blogger.com/_JP1IggFDWD0/R_Cx_JoIITI/AAAAAAAABLk/cwAJsQwkjDU/s320/heeii.jpg&imgrefurl=http://drhenkenstein.blogspot.com/2008_03_01_archive.html&h=100&w=186&sz=7&hl=nl&start=2&um=1&usg=__6P5iJWXopgZiZVHhrn9ff9VZt88=&tbnid=nRtgEGME1l9JUM:&tbnh=55&tbnw=102&prev=/images?q=heeii&um=1&hl=nl&rls=com.microsoft:en-US&sa=N
http://images.google.com/imgres?imgurl=http://www.umcg.net/pictures/umcgkikkerpng.png&imgrefurl=http://www.umcg.net/&h=318&w=591&sz=39&hl=nl&start=14&um=1&usg=__wrn0LkWram_Yor9lhLk2S3N8n98=&tbnid=pO-8M8qupyx0XM:&tbnh=73&tbnw=135&prev=/images?q=umcg&um=1&hl=nl&rls=com.microsoft:en-US
http://images.google.com/imgres?imgurl=http://research.microsoft.com/conferences/pldi06/IBMLogo.jpg&imgrefurl=http://research.microsoft.com/conferences/pldi06/&h=216&w=443&sz=28&hl=nl&start=7&um=1&usg=__d_1MdtQsyyXDyAbTBw-4CU5Pd8g=&tbnid=MgM9Z8ph19oT3M:&tbnh=62&tbnw=127&prev=/images?q=ibm+logo&um=1&hl=nl&rls=com.microsoft:en-US&sa=N
http://www.rug.nl/corporate
http://www.rug.nl/cit
http://www.provinciegroningen.nl/


Target Holding 

 



Belastingdienst – NL tax office 

• 250M Euro  holy grail system  

    ETM system  260 M transactions/year 

• federated  i/f db 

 

 

 

Target  



Thank you ! 

Target  



EERCET programma 

 

www.ercet.eu 



Target  



Information Universe 

 

Target  



WISE concepts have been deployed in a diverse range of 
scientific projects (astronomy and non-astronomy).  

• incorporate new technologies  

• new projects provide an engine for improvement 

 

 

eScience Centrum 10-04-2012 

 

GLIMPS 
 

Monk 
 

LOFAR LTA 
 

Current Development: Science 

Muse 
 

Lifelines 
 



WISE/Target Infrastructure 

The WISE hub in Groningen 
consists of the following: 

• HPC Cluster (4000 core) 

• Grid CE (NL Big Grid) 

• GPFS File System (10 PB) 

• Oracle 11g RAC   



• First datacentric information system in Astronomy  

• Full data lineage   

• Data model flexibility  

• Modular approach to pipelining  

• Infrastructural flexibility  

• Reproduction of any data product  

• Multi-user environment  

• Scalability  

Most important  



eVisualization of Big Data 


