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A wavelet method to extract coherent structures

There iIs no commonly
accepted definition of
coherent structures.

Therefore, we rely only on the
minimal hypothesis :

Coherent structures are
not noise.

Extracting coherent
structures thus becomes a
denoising problem.
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Wavelet Coefficients With [1] N. Kingsbury, ACHA 10 234-253 (2001)

small modulus

We work on a translation invariant complex-valued
wavelet representation’ of the signal. By
nonlinear thresholding of the wavelet coefficients,  indeed Gaussian (see below).
we split the intensity signal in two parts :

To select the threshold?, we have to make hypotheses on
the noise. Here, we have considered a stationary Gaussian
noise. We check a posteriori that the incoherent part is

Note on the CVS method :

The approach presented here has been initially proposed®
and studied under the name CVS (Coherent Vortex
Simulation) in the context of computational fluid dynamics.
During a high Reynolds number simulation, we want to keep
track only of the degrees of freedom attached to the coherent
structures, while the incoherent part is modeled as a noise
and discarded. Therefore we are interested in the
compression rate, that is, the percentage of wavelet
coefficients that are retained in the coherent part.

[2] A. Azzalini et al, ACHA, 18 177-185 (2004)
[3] N. Kevlahan et al., PoF 11 2187-2201 (1999)

Extraction results

The coherent part corresponds to only 3.1 % of the wavelet
coefficients. It displays remarkable temporally localized

bursts. High frequency oscillations occur during most of the . The skewness of the incoherent part is greatly reduced
bursts. compared to the one of the total signal. However the
flatness remains near 3 which indicates Gaussianity.
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The incoherent part has the statistical properties of a correlated

Gaussian noise

The incoherent part corresponds to 96.9 % of the wavelet
coefficients. It oscillates around zero and appears stationary.
Comparison with other probe positions shows that its

variance decreases like an inverse power of the distance to

the confined plasma.

the one of the total signal with a v* decay at high

frequencies. However, one can see that the coherent —r———————
part contains small contributions at high frequencies ol ]
scalograms of the to'i:"éi:mgaﬂerent and incoherent parts
are shown in full line. They correspond to smoothed

« In the future, we would also like to quantify the
stationarity of the incoherent part.
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We have applied the same method to the radial drift velocity.

An estimate of the radial drift velocity close to the probe is estimated by subtracting two neighboring measurements of the floating potential. Because
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Conclusion and perspectives
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The peak in the correlation function between the coherent parts of the

that the coherent structures propagate outwards. The correlation
between the incoherent parts is much less pronounced.
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Our method has allowed us to extract coherent structures propagating outwards. We
conjecture that they are closely related to the blobs that have been previously described.
Our method was based on the hypothesis of a Gaussian correlated incoherent part, and we
have checked it a posteriori.

In the future we will use these results to estimate what fraction of the radial particle flux is
carried by the coherent structures, depending on the plasma parameters. Note that the
procedure was applied entirely in the time domain, without requiring any kind of Taylor
hypothesis. However, processing images recorded by a fast camera would certainly provide
new insights, in particular concerning propagation.
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