
NERIES JRA4, Task B2: Comments on synthetic tests of new

wavelet tool to calculate Rayleigh wave ellipticity in GEOPSY

by Brigitte Endrun, January 25th 2008

Good-�tting ranges of calculated ellipticities were selected in double-logarithmic plots. Gen-
erally, increasing the number of peaks per minute leads to a less rough and spiky and more
smoothed curve. However, this does not always imply that the�t to the theoretical curve is im-
proved. The median generally also is a rougher curve, with more local extrema, than the mean.
Which of the two is preferable in terms of the �t to the true ellipticity cannot really be deduced
from the few tests performed here.

Model M2.2

In the analysis of this model, the histograms generated by the wavelet analysis in GEOPSYS
were inspected with max2curve for all cases. However, a manual selection of a curve was only
performed when a better �t seemed possible after comparing the mean and median curves with
the histogramm distribution. Cases were a manual selectiondid not improve or rather decreased
the �t are not listed in the accompanying table.

The part of the model that can be derived most reliably from the analysis is the right �ank of
the ellipticity peak. The left �ank or the part of the curve tothe right of the minimum is often not
correctly retrieved at all. Or, if it is, only a very limited frequency range �ts the true ellipticity,
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Figure 1:Three examples showing curves (blue - median, red - mean, green - manual) with compara-
tively large �t to the left �ank or the high-frequency part ofthe true ellipticity (solid black line - funda-
mental mode, dashed black line - �rst higher mode, dash-dotted black line - second higher mode).

1



except for the possible �t to the baseline at very high frequencies (Fig. 1). This range would be
very hard (or impossible) to select for real data (without knowledge of ground truth), or, in case
of the baseline �t, does not provide much additional information. Besides, the other parts of the
curve are not particularly well �t when a statisfactory �t toparts of the left �ank of the peak,
the right �ank of the trough or the higher-frequency part of the model are achieved (Fig. 1).

Furtheron, it seems that selecting Morlet parameters m equal to 4 or larger quickly leads
to an overall degradation in �t for this model; the true ellipticity is approached in rather small
patches only for larger m (Fig. 2).
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Figure 2:Comparison of mean calculated ellipticity and true ellipticity for a time window of 13.5
minutes length, selecting 10 peaks per minute, for different choices of Morlet paramter m.

Somewhat surprisingly, longer time windows reduce the �t for this model. This can be
explained by the observation that for longer time windows, the measured curves partly approx-
imate the true ellipticity of the fundamental Rayleigh mode, but at lower frequncies approach
the true ellipticity of the �rst higher Rayleigh mode (Fig. 3). This mixing of modes also leads
to a shift in the observed peak frequency, which can be shifted quite far from the true f0. When
selecting 20 peaks per minute, the jump between modes becomes smoothened out and is no
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Figure 3:Comparison of mean calculated ellipticity and true ellipticity when selecting 5 peaks per
minute, using a Morlet parameter m equal to 1, for different lengths of the analysed time window.

longer as clearly identi�able as for a smaller number of peaks (small shoulder in the resulting
mean curve and shift in slope). However, the resultinig meancurve does not �t the true data,
either. The mixing of modes is not observed as strongly for the shortest time window (13.5 min).
Here, mainly the ellipticity of the fundamental mode is imaged.

Figure 4:Comparison of histogramm and true ellipticity for 121.5 minutes time window, analysed with
Morlet parameter m equal to 0.5, selecting 5 peaks per minute.
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In these cases, a different way of selecting the curve is of nouse as already the histograms
provided in the time frequency analysis are shifted with regard to the true ellipticity (Fig. 4).
In other cases, however, selecting the curve by manual picking may lead to better results as
handpicked curves are much smoother and do not follow the rapid small-scale oscillations of
the calculated curves (Fig. 5).

Figure 5:Comparison of histogramm and true ellipticity for 41.5 minutes time window, analysed with
Morlet parameter m equal to 8, selecting 10 peaks per minute.

Results judged as relatively good are shown in Figs. 6, 7 and 8and marked in red in the
table. It is obvious that the parameter choices that lead to an accurate �t of either the peak or the
trough in frequency are not necessarily the ones that yield the best �t to the rest of the curve.
Indeed, it seems that for rather spiky curves, just de�ning the peak or trough of the measured
curve by the frequency where the maximum or minimum value of this curve is achieved means
that a perfect �t to f0 or the true trough can be rather accidential (e.g. 13.5 min, m=1, nppm=20
or 121.5 min, m=16, nppm=5). It is often not easy to discern a trough in the corresponding best
curves at all (e.g 41.5 min, m=4, nppm=20).
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Figure 6:Results with good �t to the right �ank (i.e. �tting part covers a frequency interval of 1 Hz or
more). Red curves are calculated mean curves, blue curves calculated median curves and green curves
handpicked curves from the corresponding max2curve �les.

5



10
0

10
0

E
lli

pt
ic

ity
 (

H
/V

)
13.5 min, m=4, nppm=10

10
0

10
0

13.5 min, m=4, nppm=10

10
0

10
0

41.5 min, m=1, nppm=20

10
0

10
0

E
lli

pt
ic

ity
 (

H
/V

)

41.5 min, m=2, nppm=20

10
0

10
0

41.5 min, m=2, nppm=20

10
0

10
0

41.5 min, m=2, nppm=20

10
0

10
0

E
lli

pt
ic

ity
 (

H
/V

)

41.5 min, m=4, nppm=20

10
0

10
0

41.5 min, m=4, nppm=20

frequency [Hz]
10

0

10
0

41.5 min, m=8, nppm=10

frequency [Hz]

10
0

10
0

E
lli

pt
ic

ity
 (

H
/V

)

41.5 min, m=16, nppm=10

frequency [Hz]

Figure 6:– continued.
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Figure 7:Results with exact match of peak frequency. Color coding as in Fig. 6.
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Figure 8:Results with exact match of trough frequency. Color coding as in Fig. 6.
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Model M2.3

The analysis of this model is more dif�cult. The histrogramms calculated from the analysis are
almost always offset from the true ellipticity, mostly to higher values at low frequencies and
lower values at high frequencies, i.e. altogether larger variations in amplitude. For small m and
a small number of peaks, however, the true ellipticity is sometimes offset to higher values for
low as well as high frequencies. This means no matter which way the curves are derived from
the histograms, they can never �t the true ellipticity (Fig.9). The change between over- and
underestimating the ellipticity at low frequencies could suggest that there should be some range
inbetween where they are �t well. However, I could not �nd this range in my analysis (trying
intermediate values of m). Again, the part most easily �t is the right �ank of the ellipticity peak,
though, and this slope is most easily identi�ed in the histograms.

Figure 9:Comparison of histogramm and true ellipticity. Left: 121.5minutes time window, analysed
with a Morlet parameter of 0.5, selecting 5 peaks per minute.The true ellipticity curve is above the
center of the histogramm at both high and low frequncies. Right: 41.5 minutes time window, analysed
with a Morlet parameter m of 8, selecting 20 peaks per minute.The true ellpticity curve is below what is
suggested by the histogram for low frequencies and above at high frequencies.

Here, using a longer time window seems to help somewhat. For the manual selection, it
was also tried to allow for more than 20 peaks to get a smoothercurve. However, this does not
greatly improve the �t. No models where found that exactly �tthe peak or trough frequency.

Models which approach these frequencies most closely and those with the best �t to the
�ank are shown in Figs. 10, 11 and 12 and marked in red in the table. It is clearly obvious that
the best �t achieved to the peak position selects models withrandom spikes around the true f0.
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Figure 10:Selected results with good �t to the right �ank (i.e. �tting part covers a frequency interval of
0.6 Hz or more). Color coding as in Fig. 6.

10



10
0

10
-0.6

10
0.3

E
lli

pt
ic

ity
 (

H
/V

)

frequency [Hz]

41.5 min, m=16, nppm=10

10
0

10
-0.6

10
0.3

frequency [Hz]

121.5 min, m=2, nppm=20

Figure 10:– continued.
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Figure 11:Selected results with peak frequency correct within� 0.1 Hz. Color coding as in Fig. 6.
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Figure 12:Selected results with trough frequency correct within� 0.1 Hz. Color coding as in Fig. 6.
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