
Resolution enhancement of time-frequency 
representations

BACKGROUND : Time-frequency (TF) and time-scale analysis are fundamental tools for the extraction of relevant 
information from a non stationary signal f(t). In applications involving strong oscillating multicomponent signals, 
for instance radar, audio, speech signals (chirp-like signals ), modelled as

one main objective is to estimate the instantaneous frequencies (IFs) 

and recover each single mode. 

For this purpose, increasing readability of the TF representations is crucial for applications. 

The existing approaches are essentially aimed at concentrating the TF distribution on the ridge curves, i.e. the 
curve where a single and isolated mode would reach its maximum, making the IF estimation more feasible and 
the multicomponent decomposition achievable .



The spectrogram 

Among the various time-frequency distributions, the spectrogram (i.e. the modulus square of the Short Time 
Fourier Transform) is probably the most widely used, due to its simplicity and computational gain.  

g(t) Spectrogram



As in all linear time-frequency transforms, STFT resolution is limited by Heisenberg principle, so the 
spectrogram is not able to provide a sparse representation of the signal. Furthemore, in the case of 
multicomponent signal having interfering single modes, the smearing introduced by the spectrogram 
prevents the modes separation, as in the example showed below.
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The reassigned spectrogram 

In order to enhance the readability of the time-frequency distributions, further non linear operators such as 
Reassignment and Syncrosquezing have been proposed.
Reassignment method reallocates each TF point (t,f) toward the center of mass of energy distribution (ridge 
curves), giving a more compact representation of a signal in the TF plane.

Local centroidsSpectrogram and idea of 
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PROBLEM : In case of multicomponent signal with single modes interfer each other, Reassignment allows  to 
reduce the interference region, but in correspondance of the region where the separability condition is not 
met, it is not possible to achieve a not ambiguous representation. Specifically, if the instantaneous 
frequencies of a pair of modes are not sufficiently apart in a region of the TF plane (interference region), 
reassignment method is not able to computed the local centroids correctly, then the TF points are not 
correctly reallocated and the single components separation is not achieved.

Other techniques aimed at enhancing resolution for multicomponent separation in the TF plane have been 
proposed. Unfortunately, their effectiveness is subjected again to the separability condition. 
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QUESTION: 
How to deal with the non-separability condition and recover information in complete 
interference? 

PROPOSED MODEL: Mathematically describing what happens at the interference region allows us to partially 
recover the ridge curves at the interference region and overcome the classical limits of reassignment, i.e. the 
windows resolution and the number of STFTs to compute the local centroids. The experimental results show that the 
proposed method is able to better concentrate information on the ridge curves and separate the individual modes.

Reference: V. Bruni, M. Tartaglione, D. Vitulano, On the time-frequency reassignment of interfering modes in 
multicomponent FM signals, Proceedings of EUSIPCO 2018.

Other challenging questions under the non-separability condition: 
How to define a suitable TF transformation for resolution enhancement in the whole time domain?
It is possible to automatically detect the interference region?
It is possible to automatically detect the number of components?
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PROPOSED MODEL: energy along frequencies

Up to a constant, energy E(u) is still a FM signal 
having significant oscillations 

at the interference region 
and a specific IF: 𝚫𝛟’ =𝛟k’-𝛟’j

E(u)
E(u)-c

u

V. Bruni, M. Tartaglione, D. Vitulano, On the time-frequency reassignment of interfering modes in multicomponent FM signals, Proceedings of EUSIPCO 2018.



PROPOSED METHOD FOR RECONSTRUCTION (Gaussian window)

Ridge points recovered
starting from 

the center of mass G(u) 
of the distribution

𝚫𝛟’ =𝛟k’-𝛟’j

estimate

Resolution enhancement

V. Bruni, M. Tartaglione, D. Vitulano, On the time-frequency reassignment of interfering modes in multicomponent FM signals, Proceedings of EUSIPCO 2018.
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EXPERIMENTAL RESULTS
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