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Abstract Sea surface currents are important for understanding multiscale ocean

dynamics and the transport of heat, momentum, and material. Spaceborne Doppler
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scatterometers offer the potential for wide-swath, direct observation of submesoscale
ocean surface motions. To compare the pulse-pair velocity-measurement performance
of single-frequency (SF) and linear frequency-modulated (LFM) signals, a unified
signal-level simulation model for distributed sea-surface targets was developed. The
model includes radar-equation-based scattering echoes, additive thermal noise,
multiplicative speckle noise, and ideal platform-motion phase compensation. Under
identical observation geometry, platform states, radar parameters, and noise
realizations, both waveforms were evaluated within a 7.5-km common range window.
After matched filtering, the SF signal was processed by a single whole-window
complex correlation, whereas the LFM signal was range-compressed into
approximately 50 nominal 150-m range-resolution cells, followed by local complex
correlation and multi-look averaging. Simulations covered input signal-to-noise ratios
(SNRs) from —15 to 15 dB. At each SNR, 150 independent spatial speckle fields were
generated, with 500 thermal-noise trials for each field. Performance was assessed
using interferometric phase-error standard deviation, pulse-pair correlation coefficient,
and radial-velocity root-mean-square error (RMSE). The RMSEs of both waveforms
generally decreased as SNR increased. When the input SNR exceeded approximately
—9 dB, LFM produced lower phase errors and radial-velocity RMSEs than SF. At 10
dB, the phase-error standard deviations of SF and LFM were 3.01° and 1.99°, while
their radial-velocity RMSEs were 0.57 m/s and 0.37 m/s, respectively. Although SF
had a higher correlation coefficient at 10 dB, its velocity error was larger, showing
that correlation magnitude alone cannot fully reflect measurement accuracy under
speckle noise. Sensitivity analyses of azimuth angle and simulation-grid size further
showed near-zero phase-error biases for both waveforms, while LFM remained more
stable. These results indicate that LFM range compression and multi-look complex
correlation can suppress localized speckle-induced fluctuations and improve
radial-velocity accuracy, providing a reference for waveform and processing design in

future spaceborne Doppler scatterometers.
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