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Abstract: Frequency modulated (FM) signal is extensively applied in sonar, radar, laser and emerging optical
cross-research, its sparsity is a common basic issue for the sampling, denoising and compression of FM signal. This
paper mainly studies the sparsity of FM signal in the fractional Fourier transform (FRFT) domain, and a maximum
singular value method (MSVM) is proposed to estimate the compact FRFT domain of FM signal. This method uses
the maximum singular value of amplitude spectrum of FM signal to measure the compact domain, and WOA is used
to search the compact domain, which effectively improves the shortcomings of the existing methods. Compared with
MNM and MACEF, this method gives a sparser representation of FM signal in the FRFT domain, which has less
number of significant amplitudes. Finally, the primary application of this method in the FM signal filtering is given.
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Fig. 1 Representation of bi-component LFM signal
in the time domain and compact FRFT domain
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Fig. 2 Representation of bi-component LFM signal
in the compact FRFT domain for three methods
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Table 1 Comparison of estimation results for LFM signal
(e o NSA

{Ao,ko,fo}, {A1,k1,F1} MNM  MACF  MSVM MNM MACF MSVM
{0.1,0.8,5}, {0,0,0} 2.2455 22455 2.2454 3 3 3
{0.2,0,0.8}, {0.3,0.7,0} 21816 1.5708  1.9041 223 324 138
{5,0.1,-0.3}, {8,0.87,0.3} 22777 22872  2.0055 217 239 140
{2,0.1,0.2}, {1,0.4,-0.2} 1.6704 1.67 1.7714 100 100 70
{2,0.5,-1/9}, {0.5,9/5,5/6} 2.0342 2.0345 2.0560 73 74 34
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Fig. 3 Representation of QFM signal in the compact
FRFT domain for three methods
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Table 2 Comparison of estimation results for QFM signal

P gistan I NSA
{A ok, 1} MNM  MACF  MSVM MNM MACF  MSVM
{0.5,0.04,0.4,0.06} 2.0415 23510 1.9279 122 218 116
{4,0.2,0.03,0.01} 20722 09106 1.5729 353 368 309
{0.2,05,0,0.02} 22627 09416 15705 332 339 290
{2.3,0.07,0.05,0} 22932 22777 15707 241 241 210
{3,0.052,0,1} 1.9633 0.7858 1.6653 197 260 166
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Overview: Frequency modulated (FM) signal is a typical non-stationary signal, which is widely used in sonar, radar,
laser and other traditional fields. In recent years, it has been applied to the new field of optical intersection. Its sparsity is
a common basic problem in the FM signal processing. Fractional Fourier transform (FRFT) uses the orthogonal chirp
function to decompose signal and is unaffected by the cross terms, and thus is very suitable for analyzing and processing
FM signal. Due to the advantages of FRFT in the FM signal processing, FRFT is also applied to explore the sparsity of
FM signal. FRFT can represent the signal from any fractional domain between the time domain and the frequency do-
main. Therefore, there is at least one optimal fractional Fourier transform domain, which makes the FM signal have best
sparsity in this optimal domain. This optimal domain is named as compact fractional Fourier transform domain. In the
process of finding the compact fractional Fourier transform domain, the measurement and searching of optimal domain
are two key points. On the basis of the above advantages, this paper is devoted to studying the sparsity of FM signal in
fractional Fourier transform domain, and a sparse representation method of FM signal based on FRFT and singular
value decomposition is proposed, called as maximum singular value method (MSVM). On the one hand, the maximum
singular value of amplitude spectrum in FRFT domain is taken as the measurement of optimal domain, which makes
MSVM has better sparsity and noise robustness. Since singular value decomposition can map high-dimensional data
space to a relatively low-dimensional data space, and thus singular value decomposition effectively reduces the dimen-
sion of data processing. The larger the singular value of the amplitude spectrum, the better the sparsity of the FM signal
in the corresponding fractional Fourier transform domain. Moreover, the singular value decomposition is a kind of de-
composition method which can be applied to any matrix, and has a wider applicability. On the other hand, whale opti-
mization algorithm is used to search optimal domain. Whale optimization algorithm is a new heuristic bionic algorithm,
which imitates the behavior of humpback whales in searching, seizing and foraging. Because whale optimization algo-
rithm is flexible and has no gradient limitation. It can effectively avoid falling into the local optimum, and effectively
improve the shortcomings of the coarse-to-fine grid search and traversal search methods, and is not influenced by the
search step size. The quantitative index is the number of significant amplitudes (NSA), the less NSA means better spar-
sity. By the simulation, compared with MACF and MNM, MSVM has less NSA in the compact fractional Fourier trans-
form domain. It is concluded that the MSVM can give better sparsity of FM signal in the compact fractional Fourier
transform domain. In the end, this paper presents the application of MSVM in the filter of linear FM signal, which basi-
cally achieves the filtering of noise and the maintenance of signal behavior.
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