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Abstract

The autoregressive (AR) model is characterized by a set of coefficients which linearly
combine successive signals contained in an observed time series. There are two methods
to estimate the AR cocfficients. The traditional method (method 1) determines the AR
coefficients to minimize a prediction error which is calculated as a difference between the
present value and the value predicted from the past observations. In the other method
(method 2), which is recently proposed in the Sompi method for an application to spectral
analyses, the AR cocfficients extract autoregressive signals from the observed time series
data so that they are determined to minimize an extraction residual. Method 1 gives an un-
biased estimate of a lincar relationship between the past noisy data and the present noise—
free signal. On the other hand, the AR coefficients obtained by method 2 represent a
linear relationship among the successive noise—free signals. The difference of the two
methods becomes clear through three numerical experiments where the estimates are
compared with the true value of the AR coefficients. First, we investigate how the con-
tamination of Gaussian white noise makes worse the estimate of the AR coefficients. The
AR coefficients obtained by method 1 are found to be quite sensitive to an increase of the
noise power. In contrast, method 2 gives a good estimate of the cocfficients for the data
with a relatively lower S/N ratio. Then, the effect of the data length is examined for a
time series containing non decaying sinusoids. When the number of data points used in
calculation amounts to a certain level, the estimate of the AR coefficients obtained by
method 1 becomes no longer better with an increase of the data length. But we can recog-
nize a consistent negative correlation between the data length and the deviation of the
estimate obtained by method 2 from the true value. Finally, we compare the resolvability
of the two methods using a time series containing two sinusoids whose frequencies are
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very close to each other and also find the result of method 2 is much better than that of
method 1. All the three experiments demonstrate how method 2 is superior to method 1
as for the estimation of AR coefficients. The difference results from the confusion in ex-
pression of the autoregressive model for a noisy time series. The least squares condition in
method 1 implicitly assumes that the past data predicting the present signal are not con-
taminated by noise. As a result, the present signal is, in this expression, independent of
the present noise but not independent of the past noises contained in the past data. It should
be noticed that any spectral analysis methods based on the traditional autoregressive
estimation possibly fail to study an accurate spectral structure of data.
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