
Home | Current | Past volumes | About | Login | Notify | Contact | Search 

 Electronic Journal of Statistics > Vol. 2 (2008) open journal systems 

Huang, Jianhua Z., Shen, Haipeng, Buja, Andreas, Functional principal components 
analysis via penalized rank one approximation, Electronic Journal of Statistics, 2, (2008), 
678-695 (electronic). DOI: 10.1214/08-EJS218.

References

   Brown, L. D., N. Gans, A. Mandelbaum, A. Sakov, H. Shen, S. Zeltyn, and L. Zhao. 
(2005). Statistical analysis of a telephone call center: a queueing-science perspective. J. 
Amer. Statist. Assoc. 100 36–50. MR2166068  

   Craven, P. and Wahba, G. (1979). Smoothing noisy data with spline functions. 
Numer. Math. 31 377–90. MR0516581  

   Eckart, C. and Young, G. (1936). The approximation of one matrix by another of lower 
rank. Psychometrika 1 211–218.  

   Green, P. J. and Silverman, B. W. (1994). Nonparametric Regression and Generalized 
Linear Models: A Roughness Penalty Approach. Chapman & Hall. MR1270012 

   Hotelling (1933). Analysis of a complex of statistical variables in principal components. 
J. Educ. Psychol. 24 417–441, 498–520.  

   James G. M., Hastie, T. J. and Sugar, C. A. (2000). Principal component models for 
sparse functional data. Biometrika 87 587–602. MR1789811  

Functional principal components analysis via penalized rank 
one approximation 

Jianhua Z. Huang, Texas A&M Univeristy
Haipeng Shen, University of North Carolina at Chapel Hill
Andreas Buja, University of Pennsylvania

Abstract
Two existing approaches to functional principal components analysis (FPCA) are due 
to Rice and Silverman (1991) and Silverman (1996), both based on maximizing 
variance but introducing penalization in different ways. In this article we propose 
an alternative approach to FPCA using penalized rank one approximation to the 
data matrix. Our contributions are four-fold: (1) by considering invariance under 
scale transformation of the measurements, the new formulation sheds light on how 
regularization should be performed for FPCA and suggests an efficient power 
algorithm for computation; (2) it naturally incorporates spline smoothing of 
discretized functional data; (3) the connection with smoothing splines also 
facilitates construction of cross-validation or generalized cross-validation criteria for 
smoothing parameter selection that allows efficient computation; (4) different 
smoothing parameters are permitted for different FPCs. The methodology is 
illustrated with a real data example and a simulation. 
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