
Ann. Inst. Statist. Math. 
Vol. 41, No. 4, 781 807 (1989) 

A PENALTY METHOD FOR NONPARAMETRIC 
ESTIMATION OF THE INTENSITY FUNCTION 

OF A COUNTING PROCESS 

ANESTIS ANTONIADIS* 

Department o f  Mathematics, U.E.R. des Sciences, University o f  Saint-Etienne, 
23, rue du Dr Paul Michelon, 42100 Saint-Etienne, France 

(Received January 12, 1987; revised June 2, 1988) 

Abstract. Nonparametric estimators are proposed for the logarithm of 
the intensity function of some univariate counting processes. An Aalen 
multiplicative intensity model is specified for our counting process and the 
estimators are derived by a penalized maximum likelihood method similar 
to the method introduced by Silverman for probability density estimation. 
Asymptotic properties of the estimators, such as uniform consistency and 
normality, are investigated and some illustrative examples from survival 
theory are analyzed. 
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1. Introduction 

This paper deals with the problem of estimating nonparametrically the 
intensity function of multiplicative intensity counting processes, which 
constitute an important class of point processes. The importance of such 
counting processes is that they provide an alternative to the proportional 
hazard regression model of Cox (1972). 

Estimation procedures for the intensity function of point processes have 
been analyzed in a number of papers, for instance, those written by Ogata 
(1978), Kutoyants (1979), Lin'kov (1981), Sagalovsky (1983) and Konecny 
(1984) in the parametric case, Aalen (1975, 1978), Bartoszynski et al. (1981), 
Leadbetter and Wold (1983), Ramlau-Hansen (1983) and Karr (1987) in the 
nonparametric case, to cite only few. For the multiplicative intensity model, 
Aalen (1978) provided an estimator for the cumulative hazard function 
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