A Compressive Sensing and Sparsity Based Method
for Time-Frequency Distributions Optimisation

Victor Sucic*, Ivan Volaric*, Goetz Bokelmann**, and Ronan Le Bras***
*University of Rijeka, Croatia; **University of Vienna, Austria; ***CTBTO, Vienna, Austria

Abstract

+ The goal is not to exactly reconstruct the starting TFD

the goal is to obtain a new WVD-like TFD, with highly ------

Nonstationary signals are optimally represented in the joint

time-frequency domain using time-frequency distributions ! suppressed cross-terms. 0401 03950 038% .
(TFDs). The unwanted artefacts, which are by-products of : i . + The general goal of the proposed adaptive CS-AF area AUTO 03720 03644 03524
TFDs quadratic nature, make TFD interpretation a - - - selection method is to capture as large as possible area t[s] FIX 24230 68978 183168 oo

Whale signal WD Explosion signal model WD Earthquake signal model WVD AUTO 26934 8.1296 22.8794

challenging task. around the AF origin, without including any cross-terms.
Recently proposed methods address the problem of artefact S . . . + This is achieved by searching the zero-doppler and the
) ; . . + Since there is no single best performing kernel for all zero-lag AF slices for points where the cross-terms
\r;mor;l a%i]?tﬂfy:gicjﬁﬁngelsssze s;zsln?egiiéée%hnlﬂ:;s, signals, the need to adaptively construct kernel has intersegt with the respecti?/e AF axis. .
’ ) 9 oy 9 arisen. Example 3: Earthquake signal model
reconstruction algorithms based on sparsity constraints. - Radially Gaussian Kemel (RGK) solves the following
In this work, we study the effects of the CS area selection on L .
: optimization problem:
the resulting sparse TFD performance. We also propose a ©
method for an automatic data-driven CS area selection. ot ) ) , ‘
The method performance is tested on synthetic and real-life - P g B B P @

signals, including examples of geophysical signals models. TFD as a Sparsity Inducing Domain n 7 N

. . . . . - ) " - o - - - -
Compresswe sensing (CS) prowdes an alternative way Whale signal CS-AF Explosion signal model CS-AF Earthquake signal model CS-AF RGK-TFD Sparse TFD reconstructed with Sparse TFD reconstructed with)

Quadratic Time-Frequency Distributions to deal with the cro§s-tems, without the r.esolutlon loss. PSR and fxod OSAF PSR and e GO AF
+ Ideal TFDs are inherently sparse, since they are
« Time-frequency distributions (TFDs): observe signal composed of the components IFs. L Eamles |

energy distribution as a function of both time and * The sensing matrix, 4(v,7), is designed in a way which Example 1: Whale signal
frequency simultaneously. discards highly oscillatory cross-terms in the AF: ------

+ Consider a multi-component linear frequency modulated A (v,1)= (v, T)A(v,7), 00050 00050 00033 .o
(LFM) signal z(z), with N, components: ) . . N o 5 i 5 e AUTO 00220 00220 00148
N A’(v,7) is the CS-AF, and 4.(v,7) is the AF. N o 4 i 4 t[s] FIX 02142 04812 0340
2= 4@)e"", + In the standard CS notation, the Fourier transformation i = [ kel { etk AUTO 01809  0.1803  0.3516 ’
is denoted as multiplication with matrix y:
A1), p() are the amplitude and phase of the i-th = ' = - h -
co‘mpé)ne‘m Az, Vo) =y -3 1) RGK-TFD Sparse TFD reconstructed with ~ Sparse TFD reconstructed with
N NESTA and fixed CS-AF NESTA and auto CS-AF -
* Ideal signal time-frequency distribution is a set of Dirac 9.(t, /) is the reconstructed TFD.
functions: . + This leads to under-determined system: goal of the + TFD performance is measured using the concentration !
2 1) =S L0O(S - [,(1)) reconstruction algorithm is to find an optimal solution to: measure, which has lower values for better concentrated + The presented method adaptively detects the CS-AF area
’ o i J0RR 8(0f) =y A (.1 TFDs: which guaranties the optimal amount of input data for sparse
2L, ) )= L(v,7). N N
fit) = (1/2m)det)/dt is the instantaneous frequency , m reconstruction algorithms. )
(IF) of the i-th component. + The problem is a well known unconstrained optimization M = [E( St f)) ] + The method results in highly concentrated TFDs, with fast
+ In reallife applications, signal analytical form is not problem and can be solved by minimizing the £; norm : NN, 4 sparse rec_onstrucnon algorithm convergence. ]
obtainable; numerical methods for TFD calculation. 9(0.f) = argmin| 8.1, )] 5. 1. > (U,T)Hz - « The effectl_veness of the proposed method has been illustrated
+ Wigner-Ville distribution (WVD): perfect localization for a . 2 ------ on synthetic and real-life signals examples.
mono-component LFM signal: DA f)H| = f ﬂﬁ; (¢, f ldedf . os06 0S5 0506
PP S aro  oam owm o
W.(t,f)= f R.(t,7)e dt +The ¢; norm minimization has a unique closed form: (hs) FIX 457979 467524 46.0662
- AUTO 45.9895 45.8414 458758 6.6070 <> Ba_:?oasglash: ﬂr;g;:requency Signal Analysis and Processing: A Comprehensive Reference, 2nd
R.(t,7) = z(t+1/2)z*(t-7/2) is the signal local o b P g P Boranat - -
’ = , 3 . Borgnat, "Time-frequency energy distributions meet compressed sensing”, IEEE
autocorrelation function (LAF). (6, f) = 0Bt /), A), R gmg:aditmnjago i:gnalzméejsigg, ;ol.ss b52EOS1T0A) r;\o.'b‘, pp.z:u»zgaz. o ot
. : . N . . er, J. lin, and E.J. Candes, ,| : A fast and accurate first-order method for sparse
* WVD drawback: when the s'Qnal has N.>1, cross-terms Listhe regularlzatlon parameter. . . . recovery”, SIAM Joural of Imaging Science, vol.4 (2011), no.1, pp.1-39.
appear between each pair of components. Example 2: Explosion signal model < MA. Figueiredo, RD. Nowak, and S.J. Wright, ,Gradient projection for sparse reconstruction:
. . Application to compressed sensing and other inverse problems”, IEEE Journal of Selected Topics in
« Cross-terms are highly oscillatory and can be filtered out CS-AF Area Selection Signal Processing, vol.1 (2007), no.4, pp.586-597.
i i i i i i = < L. Stankovic, ,A measure of some time-frequency distribution concentration”, Signal Processing, vol.
|tn th;e amtp|QU|tf)'thfu[|1_<|::tB)n (AF), which is the Fourier E -é § % 1 QU0 o pp o151
ranstormation or the . £ oal T b - £ 3 < 1. Volaric, V. Sucic, and Z. Car, ,A compressive sensing based method for cross-term suppression in
+  Auto-terms also get partially fitered out, hence reducing . Seleptlop of the CS-AF area is c.ru0|al for the TFD i { & i b gze:r;&:-;e,;u;&cl)é S:’E:iggu:"gﬁ;(g,i‘% Mematora Corfrence on Boinomas and
the concentration of the auto-terms in the time-frequency localization and cross-terms suppression. <1 Volac, and V. Suic, On the oise impact i h I bsed reconstucton f the sparse -
plane * The CS-AF area is usually chosen experimentally as =T oo s Commneatons for Nt Garrton Notwrks nd Mo Apiaions. CobCam) G,
rectangle containing N',x N', = N, samples, centered at RGK-TFD Sparse T econsiuci vilh - Sparse TFD reconsinuted wih Austria, pp.1-6, 2016. o
the AF domain origin. X
na=
CTBTO SnT2017




