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Abstract: Frequency-sweep Amplitude-modulation Laser Ranging (FSAMLR) is a ranging method that de-
termines the target distance by solving for the in-phase frequency, characterized by high measurement accur-
acy and low system complexity. To address issues such as the low signal-to-noise ratio in sampled wave-
forms containing in-phase frequencies and the resulting limitations in solving accuracy, a method based on
Singular Spectrum Analysis combined with Local Parabolic Fitting (SSA-LPF) is proposed. The principle of
FSAMLR is outlined, emphasizing that ranging accuracy depends on the precision of the in-phase frequen-
cies. Subsequently, simulations compare the solving accuracy of in-phase frequencies among the swing meth-
od, parabolic fitting, cubic fitting, and quartic fitting, using identical sampled waveforms filtered via the SSA
method. Parabolic fitting is verified to enhance solution accuracy. Simulation results demonstrate that para-

bolic fitting achieves a 95.7% reduction in mean absolute deviation relative to the swing method and a 65.6%
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improvement over other least-squares fitting methods. Experimental analysis indicates that the SSA-LPF

method yields a ranging standard deviation below 30 pum across varying distances and sweep steps. Adopting

the SSA-LPF method in FSAMLR enhances ranging efficiency while maintaining high ranging accuracy.

Key words: laser ranging; frequency-sweep amplitude-modulation; extreme detection; singular spectrum ana-

lysis; local parabolic fitting
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Tab.3 MAD versus initial sweep frequency (Unit: pm)
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Fig. 8 IA waveforms at 20 m target distance: (a) Two adjacent IPF continuous sweeps; (b) 100 kHz sweep step; (c) 10 kHz;

(d) 1 kHz
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