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Decomposition of FM signals/IFs separation 
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Decomposition of FM signals/IFs separation 
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Problem

How to deal with 
overlapping components 

without assuming the IF class?
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Weakened separability

Eq. (1) reduces to



Weakened separability

Eq. (1) reduces to
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Iterative spectrogram reassignment

Classical reassignment Proposed reassignment
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Spectrogram model
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Iterative spectrogram reassignment

Newton-like method 
with «fixed tangent»



Iterative spectrogram reassignment

Convergence interval



Iterative spectrogram reassignment

Fast convergence



Iterative spectrogram reassignment

APPLICATION to MULTICOMPONENT signals?
By involving the characteristic curves such that WSC is met,  interference effects are negligible and the problem reduces to the 
monocomponent case.
Problem: if the modes cross in the TF plane, there exists a region where after one iteration the WSC  is no more satisfied. 



Iterative spectrogram reassignment

APPLICATION to MULTICOMPONENT signals?
By involving the characteristic curves such that WSC is met,  interference effects are negligible and the problem reduces to the 
monocomponent case.
Problem: if the modes cross in the TF plane, there exists a region where after one iteration the WSC  is no more satisfied.         
Solution: Convergence properties are exploited for detecting this region.



Iterative spectrogram reassignment

Further details:

[3] Bruni, V., Tartaglione, M., Vitulano, D.,  A Fast and Robust Spectrogram Reassignment Method,

Mathematics, 7(4), 358, 2019

[4] Bruni, V., Tartaglione, M., Vitulano, D.,  An iterative approach for spectrogram reassignment 

of frequency modulated multicomponent signals, Mathematics and Computers in Simulation, 2019.



Iterative spectrogram reassignment

benefits: computational effort (convergence reached in 2-3 iterations, only 1 STFT required),     
robustness to interference

issues: limited to constant amplitude signals. 

[4] Bruni, V., Tartaglione, M., Vitulano, D.,  An iterative approach for spectrogram reassignment of frequency modulated multicomponent signals, Mathematics and 
Computers in Simulation, 2019
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Radon-Spectrogram Distribution
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Radon-Spectrogram Distribution
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RADON DOMAIN (3D view)

Peaks detection



Why Radon-Spectrogram?

Non-linear IFs?
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Radon-Spectrogram Model
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Radon Transform



Radon-Spectrogram Model

SPECTROGRAM RADON SPECTROGRAM
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IFs separation



Some results
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benefits: robustness to interference and noise
issues: more advance thresholding procedure needed 
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benefits: robustness to interference and noise
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[5] Bruni, V., Tartaglione, M., Vitulano, D., Instantaneous frequency modes separation via a Spectrogram-Radon based approach. In 2019 11th International 

Symposium on Image and Signal Processing and Analysis (ISPA), pp. 347-351, IEEE, 2019

[6] Bruni, V., Tartaglione, M., Vitulano, D., Radon spectrogram-based approach for automatic IFs separation, EURASIP Journal on Advances in Signal Proc., 2020
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Conclusions
• The problem of the decomposition / IFs separation of frequency modulated multicomponent 

signals with interfering modes has been presented

• A  spectrogram TF evolution law and a model for Radon-Spectrogram have been proposed

• Advantages : non parametric approach; some limitations in state-of-the-art have been overcome

• Immediate developments: time-varying amplitudes 

• Future perspectives: real-world signals; addressing the open questions appeared

Bruni, V., Tartaglione, M., Vitulano, D., A pde-Based Analysis of the Spectrogram Image for Instantaneous 

Frequency Estimation. Mathematics, 9(3):247, 2021

Bruni, V., Tartaglione, M., Vitulano, D., A Signal Complexity-Based Approach for AM–FM Signal Modes Counting. 

Mathematics, 8, MDPI, 2170, 2020

Bruni, V., Tartaglione, M., Vitulano, D., Automatic interference region detection and ridge curves recovery 

in AM-FM  multicomponent signals, in preparation
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