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Introduction:   

Dust devils are important phenomena to take into 

account in order to understand the global dust 

circulation of a planet. There are many 

indications that dust devils role on Mars, could 

be fundamental and impact the global climate. 

The capability to identify and study these 

vortices from the acquired meteorological 

measurements assumes a great importance for 

planetary science. Here we present a new 

methodology to identify dust devils from the 

pressure time series. 
 

Although the analysis of pressure is usually stud-

ied in the time domain, we follow a different ap-

proach and perform the analysis in a time signal-

adapted domain, the relation between the two be-

ing a bilinear transformation, i.e. a tomogram.  

 

A new type of signal-adapted tomogram has re-

cently been proposed by [1] with the detection of 

dust devils in mind [2]. The signal-adapted tomo-

gram is a linear combination of a standard oper-

ator, such as time or frequency with an operator 

O that is specially tuned to the features of the 

component that one wants to extract: 

 

B(μ, ν) =  μt + νO 

 

Proceeding in a way like the time-frequency op-

erator, we obtain the N eigenvectors 

{ψ⃗⃗ θ
1 , ψ⃗⃗ θ

2 , … , ψ⃗⃗ θ
N} of an operator B(θ) obtained 

from a set of type signals that contain the charac-

teristics of the dust-devil behavior. Projections of 

the signal X⃗⃗  on these eigenvectors are obtained 

by 

 

cθ
i = 〈X⃗⃗ , ψ⃗⃗ θ

i 〉 for i = 1, 2, … , N 

 

These projections construct a tomogram adapted 

to the operator pair t, S.  
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 Once the tomogram is constructed, the signal 

can be denoised or decomposed just considering 

only the coefficients with an absolute value over 

a given threshold 𝑐𝜃
𝑖 ≥ 𝜖. 

 

If we consider only the indexes i =

i1, i2, … , ih   for wich cθ
i ≥ ϵ  we obtain a subset 

of h coefficients C = {cθ
i1 , cθ

i2 , … , cθ
ih  }. Signal x⃗ f 

is now reconstructed by considering only the 

vectors {ψ⃗⃗ θ
i1 , ψ⃗⃗ θ

i2 , … , ψ⃗⃗ θ
ih  } of the tomogram that 

are in subset C, this is x⃗ f = ∑ c
θ

ij ψ⃗⃗ 
θ

ijh
j=1  

 

 

Original X⃗⃗  (gray) and reconstructed x⃗ f (black) signal 
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