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VO TOOLS AND BASIC DATA 
MINING CONCEPTS THROUGH 
PRACTICAL EXAMPLES



 DEFINING THE PROBLEM

 TEORETICAL PREPARATION

 MAKING THE MODEL 

 COMPARATION OF RESULTS OF THE MODEL 
WITH OBSERVATIONS

 MAKING THE SAMPLE (USE OF DATABASES OR OBSERVING)
 ANALYSYS OF THE RESULTS
 PUBLISHING THE RESULTS

What we need?



WHAT IS VO 

 It is a global project

 Large numbrer of computers involved

 
 Superclcuster for grid computing

 Access through internet



 What are supercomputers today?
 What is grid computing?

 Computer cluster=>

 The idea for the VO came  out from grid computing
 GRID – analogy for electrical grid system 
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VO tools (alati)

 Stand alone
 Aladin
 Splat
 VO Plot
 Topcat
 Google Earth/sky
 ...

 Web based
 Cassjobs
 Aladin
 Open sky query
 ...



How to aproach the problem

 Defining the problem
 Theoretical preparation
 DATA (XML, ASCII, VOT) 

 Defining the criteria for making a sample
 Making a search (SQL query)
 x-matching 
 Visualization  – analysis  – filtering
 Grouping / clustering
 Making conclusion from results



Modeling 
 Making the model 
 Synthesis of artificial data from the model  
 Analysis 

 the parameter space and finding the which changes 
of parameters make a big influence

 Approximations 
 Reducing the number of parameters
 Analysis of the correlations between parameters 

 Results



Scientific Data Mining 
in Astronomy



• Some key astronomy problems that can be addressed with data 
mining techniques:
• Cross-Match objects from different catalogues
• The distance problem (e.g., Photometric Redshift estimators)
• Star-Galaxy Separation
• Cosmic-Ray Detection in images
• Supernova Detection and Classification
• Morphological Classification (galaxies, AGN, gravitational lenses, 

...)
• Class and Subclass Discovery (brown dwarfs, methane 

dwarfs, ...)
• Dimension Reduction = Correlation Discovery
• Learning Rules for improved classifiers 
• Classification of massive data streams
• Real-time Classification of Astronomical Events 
• Clustering of massive data collections
• Novelty, Anomaly, Outlier Detection in massive databases

Some key astronomy problems



Some Data Mining Software & Projects
• General data mining software packages:

– Weka (Java):  http://www.cs.waikato.ac.nz/ml/weka/ 
– Weka4WS (Grid-enabled):  

http://grid.deis.unical.it/weka4ws/ 
– RapidMiner:  http://www.rapidminer.com/ 

• Astronomy-specific software and/or user clients:
• VO-Neural:  http://voneural.na.infn.it/
• AstroWeka:  http://astroweka.sourceforge.net/
• OpenSkyQuery:  http://www.openskyquery.net/ 
• ALADIN:  http://aladin.u-strasbg.fr/ 
• MIRAGE:  http://cm.bell-labs.com/who/tkh/mirage/ 
• AstroBox:  http://services.china-vo.org/ 

• Astronomical and/or Scientific Data Mining Projects:
• GRIST:  http://grist.caltech.edu/
• ClassX:  http://heasarc.gsfc.nasa.gov/classx/ 
• LCDM:  http://dposs.ncsa.uiuc.edu/ 
• F-MASS:  http://www.itsc.uah.edu/f-mass/ 
• NCDM:  http://www.ncdm.uic.edu/ 
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Basic Concepts = Key Steps
• The key steps in a data mining project usually 

invoke and/or follow these basic concepts:
– Data browse, preview, and selection
– Data cleaning and preparation
– Feature selection
– Data normalization and transformation
– Similarity/Distance metric selection
– ... Select the data mining method
– ... Apply the data mining method
– ... Gather and analyze data mining 

results
– Accuracy estimation
– Avoiding overfitting



Key Concept for Data Mining:
Data Previewing

• Data Previewing allows you to get a sense of the good, 
bad, and ugly parts of the database

• This includes:
– Histograms of attribute distributions
– Scatter plots of attribute combinations
– Max-Min value checks (versus expectations)
– Summarizations, aggregations (GROUP BY)
– SELECT UNIQUE values (versus expectations)
– Checking physical units (and scale factors)
– External checks (cross-DB comparisons)
– Verify with input DB



Key Concept for Data Mining:
Data Preparation = Cleaning the Data

• Data Preparation can take 40-80% (or more) of the effort in 
a data mining project

• This includes:
– Dealing with NULL (missing) values
– Dealing with errors
– Dealing with noise
– Dealing with outliers (unless that is your science!)
– Transformations: units, scale, projections
– Data normalization
– Relevance analysis:  Feature Selection
– Remove redundant attributes
– Dimensionality Reduction



Finding the 
data 
(search)



Search

Filter

PageSave
SortRequery

Select









Query example



Practical example using VO

 Probelem: OIII (4959,5008) emission line ratio 
- over type and age of galaxy

 Collecting the data 
 Theoretical part
 Filtering clustering the data 
 Analysis 



Ligth from the galaxy :

 Stars (different ages, geometries and kinematics, 
star formation history, chemical evolution...)

 Gas (different densities...)
 Dust
 AGN (if there is any in galaxy)
 Emission from different types of processes (like 

shock waves, explosion, supernovae...)
  ...



How to make a How to make a BPT diagnostic diagram



 Links:

 http://casjobs.sdss.org
 http://www.openskyquery.org/Sky/SkySite/OSQForm/default.aspx

 Query OpenSkyQuery:

Go to ADVANCED QUERY.

 make query and save as file: OIII.xml

SELECT o.objid, o.ra, o.dec, o.g, s.height, s.sigma, s.wave, s.restWave

FROM 

    SDSSDR3:PhotoPrimary o, MyData:SDSS_C4_BCG t, 

    SDSSDR3:specline s

WHERE XMATCH(o, t) < 3.5 AND o.specobjid = s.specobjid AND s.lineID = 
5008

___________________________for others just chage 5008 with:

4863 save as file: Hb.xml; 6585 save as file: NII.xml; 6565 save as file: Ha.xml



Get all data with one query

SELECT o.objid, o.ra, 

    o.dec, o.g, s.height, 

    s.sigma, s.wave, s.restWave, 

    s.lineID

FROM 

    SDSSDR6:PhotoPrimary o, TWOMASS:PhotoPrimary t, 

    SDSSDR6:specline s

WHERE XMATCH(o, t) < 3.5 AND

    o.specobjid = s.specobjid AND

    (s.lineID = 5008 OR s.lineID = 4863 OR s.lineID = 6585 OR s.lineID = 6565)



 Merge Tables
 Now we will use the Starlink Topcat tool to merge 

the tables into one table with all the information we 
need to create the diagnostic diagram. On my linux 
machine, I start Topcat with the following 
command. This will vary slightly with platform.

 $>topcat [a-z]*.xml



$>voplot



OIII/Hb: log(($6*$7)/($26*$27))

NII/Ha: log(($47*$48)/($67*$68))





  

Integrate optical and UV Galactic data Integrate optical and UV Galactic data 
through VO Services (through VO Services (STARLIGHT + SDSSSTARLIGHT + SDSS))

Select suitable objects from ~ Select suitable objects from ~ 700k700k objects objects

Use Use BPTBPT   (Baldwin, Phillips & Terlevich)(Baldwin, Phillips & Terlevich)  graphics  graphics 
analysis to distinguish the different analysis to distinguish the different AGNAGN
and and SFSF  types and check theoretical  types and check theoretical 
predictions for predictions for [OIII]4959,5008[OIII]4959,5008  emission   emission 
line-ratiosline-ratios

Another practical example using VO



  

Theoretical work for the [OIII] lines ratios: Theoretical work for the [OIII] lines ratios: 

	λ	λ 4958.911 4958.911 ÅÅ  ((2s2s22 2p 2p22  11DD2 2 − 2s− 2s22 2p 2p22  33PP11))

λλ 5006.843 5006.843 ÅÅ ( (2s2s22 2p 2p22  11DD2 2 − 2s− 2s22 2p 2p22  33PP22))

[OIII] 5006.843 / 4958.911 = 2.98 [OIII] 5006.843 / 4958.911 = 2.98 (Storey & Zeippen 2000)(Storey & Zeippen 2000)

Theoretical BackgroundTheoretical Background  



  

X-match-catalogsX-match-catalogs

Optical and NIR data from Optical and NIR data from SDSSSDSS

STARLIGHTSTARLIGHT Synthesis Code Synthesis Code

    

VO ServicesVO Services  



  

SEAgal Synthesis @ 
BRAVO 

40422 objects from 
SDSS:

 9167 AGN
 31255 SF

SN > 12 on [OIII] 
Emission Lines 



  

STARLIGHT  Database Screenshots

STARLIGHT Synthesis 
Code



Galaxy spectar













 Diagnostic Diagrams: Gas physics

[Forbidden lines]  ~ Thermometers: <k Te> 

• In Starbursts: Te => Zgas

• In AGN:  Te => <hν >AGN  & Zgas & ...

Z
gas  & N/O

LAGN?
U?
AGN/SB?
MBH?
Zgas? 
N/O?

Galaxy
Properties?



 Dissecting galaxy spectra: stars + 
gas

Information on:

SFH(t)

Emission 
lines

[NII]/Hα
[OIII]/Hβ
[OI]/Hα
[SII]/Hα
[OII]/[OIII]

...

HII

Sey 2

LINER

Galaxy 
Properties

M*

SFR(t)
SSFR(t)

σ *

AV

<log t*>

<Z*>

...



  

AGN AGN (9167)(9167) = 3.02 ± 0.24 = 3.02 ± 0.24
SF SF (31255)(31255) = 3.02 ± 0.22 = 3.02 ± 0.22

All All (41044)(41044)= 3.02 ± 0.22= 3.02 ± 0.22

Using 40422 
objects from 
SDSS, with 
BPT we 
separated:

 9167 AGN
 31255 SF

filter: SN > 12 
@ [OIII] Emission 

Lines

OIII intensity ratio 
for:



  

Early results 

Sy2 Sy2 (4788)(4788) = 3.02 ± 0.21 = 3.02 ± 0.21

LINERs LINERs (97)(97) = 3.00 ± 0.31 = 3.00 ± 0.31

All All (41044)(41044) = 3.02 ± 0.22 = 3.02 ± 0.22

Using 40422 
objects from 
SDSS, with 
BPT we 
separated:

 9167 AGN
 31255 SF

filter: SN > 12 
@ [OIII] Emission 

Lines

OIII intensity ratio 
for:



  

Star fomation hystory over OIII intensity ratio 
for different types of galaxies 

Sy2 Sy2 (4788)(4788) = 3.02 ± 0.21 = 3.02 ± 0.21

SF SF (31255)(31255) = 3.02 ± 0.22 = 3.02 ± 0.22

LINER LINER (97)(97) = 3.00 ± 0.31 = 3.00 ± 0.31

All All (41044)(41044) = 3.02 ± 0.22 = 3.02 ± 0.22



  

Before: Before: 
Dimitrijevíc et al. 2007 Dimitrijevíc et al. 2007   for 62 AGN spectra, from SDSS for 62 AGN spectra, from SDSS

Sy1 Sy1 (34)(34)  = 2.993 ± 0.014= 2.993 ± 0.014

now,now,  for for 4104441044  objects from SDSSobjects from SDSS

AGN AGN (9167)(9167) = 3.02 ± 0.24 = 3.02 ± 0.24
SF SF (31255)(31255) = 3.02 ± 0.22 = 3.02 ± 0.22

Sy2 Sy2 (4788)(4788) = 3.02 ± 0.21 = 3.02 ± 0.21

LINER LINER (97)(97) = 3.00 ± 0.31 = 3.00 ± 0.31

All objects All objects (41044)(41044) = 3.02 ± 0.22 = 3.02 ± 0.22

Results 



  

Thank you for attention
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