
A Mathematical Viewpoint on 
Large Astronomical Database

Wei-Hsin Sun 
Institute of Astrophysics

National Taiwan University

Second LeCosPA Mini-Workshop on 
“The Dark Matter Crisis”

2009.01.10



Examination of the Correlation Structure 
of a Galaxy Sample

• 200 individual galaxies identified from a 
21 cm survey by Parkes telescope (radio)  
and the Sloan Digital Sky Survey (optical) 

• Including a large range of galaxies from 
giant spirals to extreme dwarfs, missing 
only the HI-gas-free galaxies

• Comparing the physical quantities to the 
observables



Observables vs. Physical Quantities

• Observables 
(measured quantities) 

– Dynamical mass
– HI mass
– Luminosity
– Concentration  (R50 /R90 )
– Radius
– Colors (SDSS g-r)

• Physical quantities
(which control the galaxy)

– Total mass
– Baryon fraction 
– Age
– Specific angular momentum
– Specific heat energy 
– Concentration  
– Radius



Existing correlations

• Dynamical mass vs. Luminosity (M ~ L) 
• Luminosity vs. Color

(luminous galaxies are redder)
• R50 vs. R90 

(HI galaxies have exponential profiles) 
• MHI vs. R50

(same HI surface density MHI /R50
2) 

• Surface brightness vs. Radius
(Σ＝L/R50

2 vs. R50 )



With more than three dimensions, 
we need a little bit help - PCA



Principal Component Analysis (PCA)

1. PCA is the simplest of the true 
eigenvector-based multivariate analyses.

2. Its operation can be thought of as 
revealing the internal structure of the 
data in a way which best explains the 
variance in the data.



So what is it?
1. It is a vector space transform often used to reduce 

multidimensional data sets to lower dimensions for 
analysis.

2. PCA was invented in 1901 by Karl Pearson. Now it is 
mostly used as a tool in exploratory data analysis 
and for making predictive models.

3. PCA involves the calculation of the eigenvalue 
decomposition of a data covariance matrix or 
singular value decomposition of a data matrix, 
usually after mean centering the data for each 
attribute.

http://en.wikipedia.org/wiki/Vector_space
http://en.wikipedia.org/wiki/Linear_transformation
http://en.wikipedia.org/wiki/Data_set
http://en.wikipedia.org/wiki/Karl_Pearson
http://en.wikipedia.org/wiki/Exploratory_data_analysis
http://en.wikipedia.org/wiki/Eigendecomposition_of_a_matrix
http://en.wikipedia.org/wiki/Eigendecomposition_of_a_matrix
http://en.wikipedia.org/wiki/Covariance_matrix
http://en.wikipedia.org/wiki/Singular_value_decomposition
http://en.wikipedia.org/wiki/Data_matrix


What PCA does is that it takes the cloud of data points, and rotates it 
such that the maximum variability is visible. Another way of saying this 

is that it identifies the most important gradients. 

Environmental variables of 3 
different species X1, X2, and X3

First standardize the data by subtracting the mean and 
dividing by the standard deviation. Thus, the centroid of 
the whole data set is zero on the standardized axes S1, 
S2, and S3

by Michael Palmer

http://ordination.okstate.edu/glossary.htm#PCA


Species 1 and 2 both contain some "redundant" 
information

See a trend from the lower left front to the 
upper right back --- an underlying gradient 
along which species 1 and species 2 both 
increase. 

Axes are chosen through the “Centroids” . 
Rotate the coordinate frame of PCA Axis 1 to 
be on the X-axis, and PCA Axis 2 to be on the 
Y-axis



How do we determine how many axes are worth interpreting? The first 
through the third eigenvalues for the first three axes in the above 

example are 1.8907, 0.9951, and 0.1142. The sum of the eigenvalues 
is 3, which is also the number of variables 

These values are related to the amount 
of variation explained by the axis.
(plotted in species space)

PCA produces an artifact known as the 
Horseshoe Effect , in which the second axis 
is curved and twisted relative to the first, and 
does not represent a true secondary gradient.  



Application in Biology
• Gene clustering in the endometrium: 

Principal component analysis (PCA) of 
human endometrium across the 
menstrual cycle. PCA was applied to all 
endometrial samples, and numbers refer to 
individual sample labels. "Ambiguous 
samples" (see text) are labeled AMB (dots in 
squares). Analysis reveals clustering of 
samples into cycle phases. 

• Giudice Reproductive Biology and 
Endocrinology 2006 4(Suppl 
1):S4 doi:10.1186/1477-7827-4-S1-S4

• Endometrium 子宮內膜



Data mining musical profiles
Anthony Liekens, March, 28-April, 2 2007



If you trust PCA fully …





Draw the PCA axes



Sloan Color included
A “systematic” component and a “rogue” component



Color correlated to PC1 and PC2







Inspiration from Multi-Wavelength 
Observations



M81（X-ray, UV, Opt, near-IR, far-IR）
 （ROSAT, GALEX, Opt, 2-MASS, Spitzer-70）



Optical Image of M81



M81（Optical and radio 
images）



M104 Sombrero Galaxy



M104 taken by the 1m LOT 



M104 by Spitzer

Sombrero Galaxy / M104

IR: Spitzer Space Telescope‧IRAC

3.6 (blue), 4.5 (green), 5.8 (orange), and 8.0 (red) microns





A Golden Age for Galaxy Study

• Data Archives established 

• Multi-Wavelength Observations collected

• Computing power enhanced 

• Interesting ideas proposed 
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