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Overview

e Data description
* Modulation of Doppler and RCS in spatiotemporal domain

» Spatiotemporal‘analysis of Doppler

Scripps
Pier




Radar System Overview
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» Coherent

e X-band: f.=9.3 GHz and A=3.2 cm

e VV and HH polarizations

e Spatial resolution: 30 cm (bandwidth 0.5 GHz)
* Temporal resolution: 0.0013 s (PRF 800 Hz)
* One-dimensional (non-rotating)

* Antenna height: 14 m above MLLW

* Grazing angle: ~¥1 deg

* Range coverage: 600 m

e Pencil beam: 1 deg in elevation & azimuth



Wave Environment
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Signal Modulation in Spatiotemporal Domain
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Signal Modulation in Spatiotemporal Domain
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Signal Modulation in Spatiotemporal Domain

Johnson et al., 2009
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Fig. 3. Investigation of the impact of phase shifting the NRCS, in decibels,
in correlation to surface height. (Top left) Correlation of NRCS, in decibels,
with the surface height as a function of the phase shift of the surface height.
(Top right) Original scatter plot of visible HH NRCS with the surface height.
(Bottom left) Scatter plots of visible HH NRCS with surface height following
phase-shifting operation.
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Shift between maximum Doppler and maximum RCS typically in the range of 0 - 20 deg

but was not observed to exceed 45 deg

Suggests tilt modulation does not completely explain signal variance in spatiotemporal
domain even in low sea states where shadowing effects are presumably small



Signal Analysis in Spatiotemporal Domain
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Simple Sinusoid
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Linear Superposition

Sea surface elevation
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Two Waves

* 8speriod, 1 mamplitude

* 5speriod, 1 mamplitude

*~ Wave propagation and look
direction are aligned

-+ Separation of wave systems

requires frequency and amplitude
diversity
* 4 modes dominate for distinct
periods but same amplitude (any
direction ) :
* 2 modes dominate for distinc
amplitude but same period (any
- direction)
e 4 wave-related modes for same
direction, but distinct period and
amplitudes

_* Relatively insensitive to direction



Separation of Wave Systems

Percent accuracy on single wave reconstruction - separated based-on POD modes
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Bretschneider Spectrum

Incorporates directional and

3.8
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Significant Wave Height: 3.7 m
Peak Period: 11.5s

Spread Angle (i): 80 deg



Bretschneider Spectrum
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Signal Analysis in Spatiotemporal Domain =~
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Signal Analysis in Spatiotemporal Domain
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Signal Analysis in Spatiotemporal Domain
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Signal Analysis in Spatiotemporal Domain
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Signal Analysis in Spatiotemporal Domain

- 2D FFT of 2-20 Mode Reconstruction
Swell and Wind Wave Case :
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Signal Analysis in Spatiotemporal Domain
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Signal Analysis in Spatiotemporal Domain
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Signal Analysis in Spatiotemporal Domain

Swell and Wind Wave Case Wind Wave Case
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Summary

e High-resolution X-band VV radar measurements at SIO pier

* Modulation of Doppler and RCS signals in-phase — consistent with numerical
results of Johnson et al., 2009
e Suggests that maximum RCS occurs closer to wave crests than tilt
modulation theory alone would predict

* Empirical decompositions could provide means to retain more non-linear features
of the wave field in addition to sampling and data storage advantages

*  Mode decompositions of simple wave fields demonstrate that modes can present
physically meaningful content

e Preliminary results of application of method to SIO data
* First 20 modes contain majority of energy in peak wavenumber/frequency
bands —both on and off dispersion curve
e Energy retained in these modes is greater than or equivalent to that retained
via dispersion curve filtering in wave frequency bands
e Results are encouraging for use of modes as a filter to isolate the wave signal



