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ABSTRACT h

Remote sensing of ocean surface using signals of opportunity (SoOp) has been done using Global Navigation Satellite Signals (GNSS) for last two decades.
Recently, techniques that have been developed for GNSS have been expanded to other SoOps like digital communication signals [1]. The work presented here
shows results of experiment, which used a Ku-band signal to measure sea surface height (SSH), and L- and S-bands signals to measure Significant Wave Height
(SWH).

A reflectometry experiment was conducted at Platform Harvest (Jason-2 calibration and validation site), where a commercial US satellite TV signal located at
Ku-band (DirecTV) was recorded from a height of about 27 meters above sea surface. The height was determined from the differences in electromagnetic path delay
between the reflected and direct signal, found by cross-correlating the two signals and computing the lag of the peak. It was then compared with the mean sea level
value from the tide gauge located at Platform Harvest. The correlation between the two measurements was found to be high with correlation coefficient of 0.9.

The precision of the estimation of height was found to be 13 cm from using 55 seconds of data. A theoretical error analysis was performed to compute the
iInstrumental expected error based on the integration time of the cross-correlation, signal-to-noise ratio of the received signal, and data rate of the transmitting signal;
and it was found the experimental error matched theoretical expected error, which was also found to be 13 cm.

This reflectometry experiment also recorded signals from a commercial US radio signal located at S-band (XM radio) and a navigation signal located at L-band
signal (GPS). These signals were used to retrieve SWH using Interferometric Complex Field (ICF) coherence time method [2]. The Light Detection And Ranging
\_ (LIDAR) system located at Platform Harvest [3] was used as a reference, and the error was found to be in the order of 0.4 meters. W,
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A code altimetry approach is used to retrieve SSH. The direct and reflected
signals are cross-correlated to form reflected waveform and the maximum
delay is computed (Eq. 1 and Figure 4).
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SIGNIFICANT WAVE HEIGHT USING L- AND S-BANDS S0OOPS

The model used for SWH retrieval is ICF coherence time model. The fundamental measurement of this model is the ICF coherence time, 7,
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which is the width of the ICF autocorrelation (ICFA) function [2]. Here, ICF is defined at time, t, by: F|(t) = Fg(t)/Fp(t) where Fy(t) and Fg(t) are _ e e
the complex values at the amplitude peaks of direct and reflected complex waveforms, respectively. ICFA function is assumed to be Flglure 10: These d o md N
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SUMMARY

This poster showed preliminary results of an estimation of SSH using Ku-band data. The precision of estimation of height was found to be 13 cm after using 55 seconds of data. In order to
optimize the precision of the measurement, the coherent integration should be as low as possible since the incoherent integration significantly improves precision (by reducing speckle noise) as observed
iIn Eq. 3. In this experiment, a coherent integration time of 4 milliseconds was used as an initial value. As an example, if we lower the coherent integration time to 1 millisecond and keep the incoherent
averaging to 55 sec, then the expected o, would be 0.095 m (almost half of 0.18 m, the value at a 4 milliseconds coherent integration time). Another way to improve the precision would be to increase the
incoherent averaging time. For example, if the coherent integration time is kept at 4 milliseconds and the incoherent averaging is increased to 2.5 min, then the expected o, would be reduced to 0.11 m.

Finally, L-band and S-band signals were used to retrieve SWH using ICF coherence time method [2]. The LIDAR system located at Platform Harvest was used as a reference, and the error was
found to be in the order of 0.4 meters. However, when the retrievals were combined from multiple frequencies, the error reduced to 0.27 m with 1-minute averaging time.
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