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After some recalls about the main parametric FS approaches and their advantages over full-band approaches, the present work describes a fast, and almost automated time-data analysis method for NMR spectroscopy, based on an adaptive implementation of certain HR methods usable in spectral sub-bands. Originally designed as an improvement of the SVD-based High-Order Yule-Walker method in Sub-Bands, and intended to avoid the choice of the decimation factor and to reduce the computational complexity, the adaptive decomposition is achieved through successive decimation/estimation stages each followed by a test procedure to decide whether Preprint submitted to Novascience 1 October 2004

or not the process should continue. The test is based on a local spectral flatness measure of the estimation residuals. This stop-criterion involves an a posteriori validation of the estimation, thus the proposed strategy allows one to obtain a better detection rate at a lower complexity comparatively to other stopping rules, while preserving a reasonable estimation variance. Moreover, the reliability of the fitting algorithms considered is improved, by decreasing the influence of the model order and the number of false detections. Finally, the method is more efficient than FT at low signal-to-noise ratio. The choice of the fitting algorithm is discussed and the effectiveness of the strategy is demonstrated by analyzing some simulation signals and several sets of one-dimensional NMR experimental data.
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1 Introduction

A free induction decay (FID) or NMR signal (generally an average signal raising out of multiple measurements of the same experiment) is commonly modeled as a superposition of M damped complex exponentials in noise:

y(n) = M k=1 A k e (-α k +j2πf k )n+jφ k + e(n) = x(n) + e(n) (1) 
for n = 0, ..., N -1. A k is the amplitude, f k the frequency, k the damping factor and φ k the phase of each of the M components. N is the total number of observations. Note that the sampling period has been included in α k and f k for simplicity. The error term e(n) is representative of measurement noise.

It is usually assumed to be white noise. Anyhow, it will be seen later that it is possible to deal with colored noise of moving-average (MA) type. The preceding equation may be written in a more compact form:

y(n) = M k=1 h k z n k + e(n) (2)