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Abstract Estimating and constructing a simultaneous confidence band for the mean
function in the presence of outliers is an important problem in the framework of func-
tional data analysis. In this paper,we propose a robust estimator and a robust simultane-
ous confidence band for the mean function of functional data using M-estimation and
B-splines. The robust simultaneous confidence band is also extended to the difference
of mean functions of two populations. Further, the asymptotic properties of the M-
basedmean function estimator, such as the asymptotic consistency and asymptotic nor-
mality, are studied. The performance of the proposed robust methods and their robust-
ness are demonstrated with an extensive simulation study and two real data examples.
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1 Introduction

Due to the advancements in computer technology, experimenters collect complex,
high-dimensional data sets, such as curves, 2D or 3D images and other objects living
in a functional space. This type of dataset so-called functional data is nowadays seen

Cao’s research is supported in part by the Simons Foundation under Grant #354917 and the National
Science Foundation under Grants DMS 1736470. We thank the Associate Editor and two anonymous
referees for their helpful and constructive comments, which lead to significant improvement in this paper.

Electronic supplementary material The online version of this article (https://doi.org/10.1007/s10463-
018-0656-y) contains supplementary material, which is available to authorized users.

B Guanqun Cao
gzc0009@auburn.edu

1 Department of Mathematics and Statistics, Auburn University, Auburn, AL 36849, USA

123

http://crossmark.crossref.org/dialog/?doi=10.1007/s10463-018-0656-y&domain=pdf
https://doi.org/10.1007/s10463-018-0656-y
https://doi.org/10.1007/s10463-018-0656-y
洋
長方形


	M-based simultaneous inference for the mean function of functional data
	Abstract
	1 Introduction
	2 Proposed methods
	2.1 Model
	2.2 B-spline smoothed M-estimator for the mean function
	2.3 Asymptotic properties of the B-spline smoothed M-estimator
	2.3.1 Asymptotic consistency
	2.3.2 Asymptotic normality

	2.4 Robust simultaneous confidence band
	2.4.1 Pseudo-data

	2.5 Robust simultaneous confidence band for the difference of the two mean functions

	3 Simulation
	3.1 Simulation setting
	3.2 An illustrative example
	3.3 Asymptotic consistency of the mean function estimator
	3.4 Simulation of the SCB for the mean function and the difference of two mean functions
	3.4.1 Case I: SCB for the mean function, m(x)
	3.4.2 Case II: SCB for the difference of two mean functions, m1(x)-m2(x)


	4 Applications
	4.1 Octane dataset
	4.2 Ground-level ozone concentration dataset

	5 Discussion
	Appendix: Variance of pseudo-data
	References




