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What is PCA?

Principal component analysis, or PCA, is a statistical procedure that allows you to summarize 
the information content in large data tables by means of a smaller set of “summary indices” that 
can be more easily visualized and analyzed.

PCA is a dimension reduction method.



How it is used?
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Two dimensional:
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Two dimensional:

X

Y

X

Y

Question：
Which is better and why?
Is there a better way than these two projection?  PCA



Two dimensional:
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Two dimensional:

A special example

pc1
pc2

eigenvector
New:
X=[-2.5 -1.5 -0.5 0.5 1.5 2.5]
Y=[0 0 0 0 0 0]



Two dimensional:

X Y
a1 b1
a2 b2
a3 b3
a4 b4
a5 b5
a6 b6



First demean:
Calculate the mean value of X and Y, and this is the center of the data.



Second find a maximum value:

Cross the origin, we can draw many lines, but which is the one we want?



Second find a maximum value:
Take one point for example.

Minimize the distance to the red line,
maximize the distance from the projected point to the origin.
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How can do it?



Second find a maximum value:
Linear algebra can help us.

e1, e2 is the base vector.
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Second find a maximum value:

symmetric matrix:

orthogonal matrix: I: unit matrix

diagonal matrix:
singular value



Second find a maximum value:

Singular vector corresponding to maximum singular value(σ1)

Singular vector corresponding to maximum singular value(σ2)



Second find a maximum value:
Simplification:
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covariance matrix: Q =  
1
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Compare with matrix P:
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Second find a maximum value:

pc1
pc2

e1e2



Application in astronomy



Useful webpages

Basic knowledgment:
1.Principal Component Analysis (columbia.edu)
2.What Is Principal Component Analysis (PCA) and How It Is Used? (sartorius.com)
3.A Step-by-Step Explanation of Principal Component Analysis (PCA) | Built In
4.https://www.zhihu.com/question/41120789

Python package:
https://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html




