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FIG. 1. (a) MSE analysis of white noise (solid line) and 1=f
noise (dashed line), r is fixed for all scales. (b) Standard
deviations (as a measure of variation) at each scale for the
processes presented in (a). (c) The same as in (a) but now r is
calculated for each scale separately.
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Comment on ‘‘Multiscale Entropy Analysis of
Complex Physiologic Time Series’’

The purpose of this Comment is to show that the
recently introduced multiscale entropy (MSE) approach
[1], while aiming at measuring entropy at different scales,
measures both variation and entropy.

The MSE algorithm is based on the application of
approximate entropy (AE) [2] or sample entropy (SE)
[3] for different scales of the same process. AE and SE
are measures of regularity (orderliness) in serial data and
are based on two input parameters: the sequence length
m and the tolerance level r. The output of these algo-
rithms provides a likelihood measure that two sequences
within tolerance level r remain close at the next point.
The smallest values of entropy correspond to perfectly
regular sequences. AE and SE increase as r decreases,
because the criterion for sequence matching becomes
more stringent [3].

The MSE algorithm introduces an idea of using AE
and SE measures for changing scale, �, where � �
1; 2; . . . . Coarse-grained sequences are reconstructed as
follows: The original sequence of length N is divided into
segments of length �, and the mean value is calculated for
each segment creating coarse-grained sequences of
length N=�. This is basically similar to smoothing and
decimation of the original sequences. Therefore variation,
expressed here as a standard deviation (SD), will decrease
at each increase of � according to the statistical properties
of the original time series. However, in the MSE approach
the same r value [4] is used for different scales. Therefore,
the changes in MSE on each scale will depend on both the
regularity and variation of the coarse-grained sequences.
The fundamental difference between these entropy mea-
sures and variation is due to the fact that AE and SE are
sensitive to the order of samples in the sequence, but
variation is not. Therefore, the outcome of the MSE
algorithm does not allow one to make a clear conclusion
as to what extent this separation is based on the affected
regularity or variation.

We provide simulations on white noise and 1=f noise as
it was performed in [1]. Figure 1(a) shows an outcome of
the proposed MSE algorithm, and it is identical to the
data presented by the authors. Additional information is
provided on how variation (SD) changes with the scale
[Fig. 1(b)]. Figure 1(b) shows that the scale-related
changes in SD for 1=f noise are much smaller than for
white noise. Expectedly, it also means that r increases for
white noise as the scale increases, which in turn should
lead to changes in entropy values. To demonstrate the
effect of variation at each scale, we performed the MSE
algorithm with r calculated for SD at each scale
[Fig. 1(c)]. The reason for the discrepancy between
089803-1 0031-9007=04=92(8)=089803(1)$22.50 
Figs. 1(a) and 1(c) is that in the modified MSE approach
r is adjusted according to the changes in variation.
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