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Presentation Outline:Presentation Outline:

• Background on standard ISR Marine radar sensing of near shore processes

– Nearshore Bar mapping (Potential: Rip Current maps with coherent radar)

– Directional Wave spectra, Multi-modal (azimuth angl e) time histories

• Analysis approach for transformation of image spect ra to wave spectra

– Modulation Transfer Function empirical approach to wave height spectra

– Wind speed/direction  effects may affect spectral a mplitudes

– Image sums provide bathymetry maps

• Coherent marine radar approach using similar analys is

– Image sums of velocity field can provide radial cur rent maps at 3-m resolution

– 3D-FFT analysis provides a direct measure of orbita l wave speed, DWS

• Systems based on ISR Digital Radar, Acquisition Sys tem, & Analysis tools

– Currently producing a real-time product at USACE FR F field site
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ISR Digital Imaging Radar, DIR ( 3-m pixel resoluti on):ISR Digital Imaging Radar, DIR ( 3-m pixel resoluti on):
• SiTex Radar with ISR modification -

– extracts video, trigger, heading start, azimuthal i nformation

• ISR QuadRec digital card (8-16 bit output, based on  waveform summing)

• Radar Image Processing Suite ( RIPS) software tool box for scientists

• Ocean Wave Directional Spectrum measurement product  in testing

– Prototype at:  http://frf.usace.army.mil/radar

ISR DIR25.9 radar @ FRF, Duck NCISR DIR25.9 radar @ FRF, Duck NC
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Raw Marine Radar Products:Raw Marine Radar Products:

Radar Image Time Series
  64 images used in 3D-FFT

  Output 32 K x,Ky spectra

  for 32 wave frequencies

Radar Image Time Series
  64 images used in 3D-FFT

  Output 32 K x,Ky spectra

  for 32 wave frequencies

320 Radar Image Summed
  ~ 15 minutes total time

Wave Patterns average out,

leaving areas of enhanced

wave breaking over the bar,
jets, and small scale surface

turbulence due to rip currents

320 Radar Image Summed
  ~ 15 minutes total time

Wave Patterns average out,

leaving areas of enhanced

wave breaking over the bar,
jets, and small scale surface

turbulence due to rip currents

Raw-Cylindrical Co-ordinatesRaw-Cylindrical Co-ordinates

Cartesian TransformedCartesian Transformed
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Processed Marine Radar Product:Processed Marine Radar Product:
Bar Map comparison - FRF Video, mobile VIMS Marine Radar
  Joint VIMS/ISR feasibility experiment, with Jesse M cNinch - Implemented on dune buggy

   In - Depth video-radar comparison study at FRF c ontinues, by Merrick Haller

Bar Map comparison - FRF Video, mobile VIMS Marine Radar
  Joint VIMS/ISR feasibility experiment, with Jesse M cNinch - Implemented on dune buggy

   In - Depth video-radar comparison study at FRF c ontinues, by Merrick Haller

• Radar Bathymetry: ISR radar, with J. McNinch, VIMS

• Video bathymetry.
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Directional Ocean Wave
Spectrum Measurement

 W W W W - K Spectra from Time-stacks

Directional Ocean Wave
Spectrum Measurement

 W W W W - K Spectra from Time-stacks

• Wave Spectrum in Deep Water, No Currents

– 3D-FFT output, WWWW-Axis vertical, K x-Ky axes horizontal

– Linearly propagating waves energy lies on the surfa ce

– Dispersion rule surface: WWWW2 = gK

• Wave Spectrum in Shallow Water, No Currents

– Flattened due to finite depth

– Dispersion rule surface: WWWW2 = gK TANH(Kd)

• Wave Spectrum in Deep Water Currents present

– Spectrum is tilted due to currents

– Tilt proportional to current speed
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3-D FFT Output:      W     W     W     W-K Directional Image Spectra:  12 shown of 323-D FFT Output:      W     W     W     W-K Directional Image Spectra:  12 shown of 32
Wavenumber SpectraWavenumber Spectra

White circle is Shallow Water Dispersion curve predic tion - Peaks to generate Frequency SpectraWhite circle is Shallow Water Dispersion curve predic tion - Peaks to generate Frequency Spectra
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Real-Time Product: 4-m wave storm, 6-7 May, 2007Real-Time Product: 4-m wave storm, 6-7 May, 2007
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1st-stage Processed Marine Radar Product1st-stage Processed Marine Radar Product

• 0.4 Hz limit imposed by 1.25-sec radar rotation per iod (twice that of typical marine radars)

• 1/2 hour sampling, 13-day display, running in time

• Real-time Product at    http://frf.usace.army.mil/radar

Frequency Spectra Time-Series derived from WWWW-K spectra by summing image intensity
from 3x3 sub-array about each of 3 largest spectral  peaks in each K xKy spectrum
Frequency Spectra Time-Series derived from WWWW-K spectra by summing image intensity
from 3x3 sub-array about each of 3 largest spectral  peaks in each K xKy spectrum

MTF (Intensity-to-Wave height scaling function) to be derivedMTF (Intensity-to-Wave height scaling function) to be derived
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New Coherent Marine Radar, Derived ProductsNew Coherent Marine Radar, Derived Products

• Intensity wave train Images => Orbital Wave Radial Velocity Wave images

– Use 3D-FFT to generate Wave Height spectra without MTF

– Equivalent to  1-beam SAR/Cross-track Interferromet ric SAR comparison

• Radial Velocity Image Sums => Mean radial current maps

– Pair of radars provide vector mean current maps

Utilize Same Analysis tools (3D-FFT, Image Sums)Utilize Same Analysis tools (3D-FFT, Image Sums)

Orbital-Wave Radial Velocity measure from one of tw o approachesOrbital-Wave Radial Velocity measure from one of tw o approaches
• Small-sample Doppler Spectra

– ~ 16 samples / radar beamwidth as antenna rotates

• Two - pulse Doppler estimates

– Noise limitations on single pair production

– Need to Sum to get mean Radial Maps, Wave imagery m ay not be feasible
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Coherent Marine Radar Doppler Spectra, Fixed azimut h / Non-rotating

 - Single-Radial Intensity Marine Radar echo now has  added Radial-Doppler dimension

  - Radar pulse length 1ms (150m), compressed to 3- m - Processing gain & resolution
  - Orbital Wave Doppler shift: 100 Hz / 3.2 m/s @ X-band

  -Wave trains seen at variety of range bins:

 - Breaking over bar spread Doppler

Coherent Marine Radar Doppler Spectra, Fixed azimut h / Non-rotating

 - Single-Radial Intensity Marine Radar echo now has  added Radial-Doppler dimension

  - Radar pulse length 1ms (150m), compressed to 3- m - Processing gain & resolution
  - Orbital Wave Doppler shift: 100 Hz / 3.2 m/s @ X-band

  -Wave trains seen at variety of range bins:

 - Breaking over bar spread Doppler
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Coherent Radar Imagery - D. Lyzenga, Un. MichiganCoherent Radar Imagery - D. Lyzenga, Un. Michigan
• Magnitude Image on left for off-shore ship experime nt

– Red = strongest echo, dark blue weakest, Wave train s identified

• Phase Image on right - same data (2-pulse Doppler, not FFT now)

– Blue represents approach (+) Doppler, Orbital wave velocity from wave crests

– Red represents recede (-) Doppler, OWV from crests traveling away from ship

• 3D-FFT on sub-windows yields wave spectrum directly  (no MTF needed)



www.isr-sensing.comwww.isr-sensing.com Oceans 2008 - Quebec

Coherent Marine RadarCoherent Marine Radar

• Approach for use of regular Marine Radar products t o be applied to Coherent data

• Echo-Intensity wave images replaced by Orbital Wave  Radial Velocity maps

• Summed images now generate radial velocity componen t mean currents

• Time-stacks fed to 3D-FFT analysis produce directio nal wave spectra without MTF

SummarySummary

Future PlansFuture Plans

• Field testing of two prototypes to begin at FRF in October

• Synoptic data sets will be processed for DWS and ra dial current maps

• Results will be posted as developed at FRF web site , under:

– frf.usace.army.mil/radar

• Development further detailed at ISR web site:

– www.isr-sensing.com


