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The construction of principal curves relies on the arc-length as a global index 

for representing the middle of the data distribution.  This work shows that 

under the assumption that the stochastic uncertainty of each observation is 

i.i.d. and follows a Gaussian distribution, existing work does provide a unique 

estimate of the principal curve that converges to the actual generating curve 

as the number of samples tends to go to infinity.  However, the presented 

work outlines that a departure from this assumption does not guarantee a 

consistent estimation of the generating curve. 

Given that the distribution function of the uncertainty is not being considered 

in the iterative calculation of the principal curve, the presented work 

discusses the incorporation of a kernel density estimation into the 

construction of a principal curve.  The benefit of blending an estimator of the 

data distribution into this calculation is that the arc-length parameter does 

not only reflect the global structure of data distribution but also embody 

density property of the data and the stochastic uncertainty.  We show the 

effectiveness of the density-based principal curve algorithm through a 

number of experimental results and analysis the statistical properties of the 

estimated curves. 
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