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Abstract

Keeley, JR. 1992. SAR sensitivities to surface gravity waves. Can. Tech. Rep. Hydrogr.
Ocean Sci. 105: 21 p.

In March of 1982, two experiments using a synthetic aperture radar, SAR, were conducted over a
drilling platform near Sable Island, Nova Scotia. The object of the experiment was to learn something about the
sensitivities of the SAR to detecting surface gravity waves from a variety of radar orientations and in different wave
conditions. The experiments occurred over two separate days with differing wave conditions. Results are presented
for the sensitivity of the radar to antenna wobble, changing incidence angle, and the detection of the same waves at
differing radar orientations.

Résumé

Keeley, J.R. 1992. SAR sensitivities to surface gravity waves. Can. Tech. Rep. Hydrogr.
Ocean Sci. 105: 21 p.

En mars 1982, un radar a antenne synthétique (SAR) a fait I’objet de deux expériences sur une
plate—forme de forage mouillée pres de I'ile de Sable (Nouvelle-Ecosse). Ces expériences visaient Ia collecte de
données sur la sensibilité du SAR pour la détection d’ondes de gravité de surface dans différentes positions et pour
diversrégimes d’ondes. Lesexpériences ont été effectuées au cours de deux jours oti les régimes d’ondes ont varié.
Les résultats présentés portent sur la sensibilité du radar en fonction du tremblement de I’antenne, sur la variation
de I’angle d’incidence et sur la détection des mémes ondes a diverses positions du radar.
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Figure 3. Averaged spectra from a rough and a smooth region of line 2.



There are about 4200 pixels in the range direction. Requiring 542 x 542 for each Fourier analysis, means
there are 7 subscenes available at different incidence angles and which are independent. Because there are about
3600 pixels in azimuth, there are 6 subscenes available for each incidence angle. The analysis divided each of the
images into 6 by 7 subscenes. Fourier transforms were calculated as described earlier. There were a number of
peaks which showed up in the individual spectra and proved to show a consistency in orientation and wavelength
across the subscene. It was decided thatif more peaks could be used, and these at different orientations with respect
to the radar, a more stable estimate of the incidence angle dependence could be gained. In the end, the two wave
components with the strongest return were used to calculate the incidence angle dependence. The results are
displayed in Table 3. Figure 4 shows averaged spectra from incidence angles of 10, 30, and 80 degrees (labeled
near, mid, and far range) and gives a visual presentation of some of the information of Table 3. Gaps in the table
result when one of the components could not be identified.

Table 3. Incidence angle dependences for the different lines. Angles are in degrees and table entries are the
relative strength of the peaks normalized by peak strength at 11°.

LINE: 2 5 3b AVERAGE
ANGLE
11 1.000 1.000 1.000 1.000 1.000 1.000 1.000
23 343 1.116 .859 .559 .989 773
35 118 .031 148 116  .145 .233 132
43 .037 041 080 .022 .138 .147 .078
51 054 076 .024 .131 .126 .082
57 114 104 101 375, .173 173
61 218 197 103 365 .368 250
2 = results fromline2 (SDA-137, 0 degrees)
3b = results from line 3b (SDA-132, 90 degrees)

5 = results fromline5 (SDA-129,45 degrees)
AVERAGE = average normalized power over all look directions.

There is a tendency for the response to increase at higher incidence angles. Although for large angles
there is the theoretical possibility of Bragg scattering ata harmonic of the surface capillary wave wavelength this is
not likely the cause. Instead, it is more likely to be contamination from sidelobes of the radar beam. (R.K Raney,

personal communication).

There are differences between the responses at the differentlook angles. Those at45 and 90 degrees (and
these are only with respect to the strongest wave component) show similar behaviour at low incidence angles. At
higher angles, there are stronger returns with the main component oriented as azimuth travelling waves. Forrange
oriented waves, the response at low incidence angles is lower than at other orientations to the radar beam.

SAR Look Direction and Wave Orientation

From previous studies it is known that the visibility of surface waves is dependent upon the radar look
direction with respect to the wave orientation (Shuchman et al. 1983). A quantitative study of this dependence
using SEASAT data is not possible, since the satellite did not last long enough to provide data from a variety of
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Figure 4. Averaged spectra from incidence angles of 10, 30 and 80 degrees
from line 5.



wave directions from areas where wave buoys existed. Since then, a number of studies have looked at this
dependence but not with the same degree of directional resolution as provided by the Sable Island data nor from an
analysis of digitally recorded SAR data. The latter is desirable, since many powerful computer processing
techniques may be applied to the analysis.

If the data had been collected over a region where the waves were propagating largely undisturbed by
bathymetry, that is in deep water, the determination of the radar look direction to wave orientation dependence
would have been simplified. However, the area around Sable Island has marked depth variations so that wave
refraction cannot be ignored. In order to negate effects due to refraction, it was necessary to find overlapping
subscenes from the various images from the different lines. This was done by constructing overlays of each image
with respect to the drilling rig and choosing as many subscenes as possible from the overlapping regions. Because
these are from varying orientations to true north, exact pixel for pixel overlaps, are impossible. However, overlaps
about the subscene centres were obtained. All possible overlaps were examined from the digital images which
were available. From March 15, this constituted 28 overlaps mostly in pairs but with 5 subscenes overlapping for a
triplet of images. From March 17, there were 7 overlapping subscenes from each of the 9 scenes examined. Again,
results were only examined at X-band since the C-band data proved of unsuitable quality.

The various subscenes were examined as described earlier and the absolute power of the radar return
calculated for the major peaks in the Fourier transforms. The calculation of this power required that corrections be
made based on the results of the incidence angle dependences derived earlier. The results in the column marked
“Average” in Table 3 have been used in this scaling. As well, it was necessary to correct the spectra derived from
the scene which showed effects of antenna wobble. Information on peak orientations, power and wavelength were
compiled from the individual spectra; that is averaging was not done. Originally, this was done because there
appeared to be anumber of common peaks identifiable in the overlapping subscenes. Inthe end, it proved that only
2 wave trains were consistently present, and therefore the results from these form the basis of the conclusions drawn
later. These two wave trains were represented by the strongest returns in all of the spectra.

Figure 5 shows a sample of the spectra found from three overlapping subscenes. The wave orientation has
been noted in degrees from range travelling. There is an obvious reduction in detection of the major peak as the
wave train varies from range to azimuth travelling. A visual presentation of this dependence is shown in Figure 6.
The crosses and boxes indicate individual data points derived from the two major peaks in the various Fourier
transforms. These have been averaged in 10 degree bands and this average isrepresented in the histogram drawn as
asolid line. No distinction has been made between waves oriented at the same angle but on different sides of range
travelling. An initial impression is that the results are quite noisy. An examination shows that despite this there
does appear to be a discernable trend to larger power returned for waves travelling in the range direction. The
change in power from range to azimuth travelling waves is about 24 to 1.

In each of the 10 degree bands from 0 to 30 degrees there are extreme values which were included in the
histogram. If the largest extreme in each of these bands is discarded, the results are shown as the dashed histogram.
The effects are quite evident. While the trend to lower power at larger aspect angles is preserved, the change in the
power returned from range to azimuth travelling waves is.about 16 to 1.

It was also decided to examine the dependence of the detected wavelength of the peak on the aspect angle.
While others (Shuchman et al. 1983) had found no dependence, these data permitted another check of this. Figure 7
shows a plotof this. Again, crosses and boxes mark data points and the solid lines are averages in 10 degree bands.
No dependence of the detected wavelength on the aspect angle is seen.
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Figure 5. Look angle dependence for the major peak from overlapping subscenes.
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Figure 6. Look angle dependence of the strength of detected spectral
peaks.
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Figure 7. Wavelength of detected spectral peaks versus aspect angle.
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Wind Speed and Wave Height Dependence

It is desirable to compile data on the sensitivity of a SAR to surface gravity waves under varying
conditions of winds and waves. In the experiment described here, both wave heights and wind speeds were reduced
from the first day to the second. However, quantitative comparisons of the power returned are difficult because the
SAR was not calibrated. One way to treat this problem is to examine the signal to noise ratios from the different
days. This can be done by calculating the mean strengths of the power returned from the dominant wave component
each day to the background noise in the Fourier transform. The power of the components have been corrected for
the radar incidence angle as described earlier. A simple functional fit has been made to the results presented in
Figure 6, as well, so that this dependence can be removed. The mean signal to noise ratio is about 50% higher on
March 15 compared to March 17. There was a substantial variation on each day. Nevertheless, these results
support the qualitative impression that waves were imaged more clearly on March 15.

Conclusion

A number of factors were found that influenced the quality of the SAR data and hence affected the
reliability of extracting wave information from SAR imagery. The first factor was due to uncorrected antenna
motion. There wasroughly a 5:1 variation in computed peak wave energies due to this factor. The incidence angle
of the radar to the wave field was also examined. The results showed that there was a dramatic falloff in returned
power as incidence angle increased. Athigh incidence angles, contamination from side lobes of the radar tended to
increase the received power. There was also found to be a substantial falloff in relative power depending on the
look angle of the radar to the propagation direction of the waves. Range travelling waves were the most readily
detected. Over a 50 degree variation, there was a falloff to one fifth of the power received for range travelling
waves. There were, however, no apparent effects on the detected wavelengths of the waves due to this factor. All
of these results are predicted from radar theory. However, theory cannot yet take into account all of the
complexities of an actual measured wave field. For this reason, the experiment was a useful exercise to gather real
data to gauge the magnitude of these effects.

Acknowledgements

The author would like to thank the staff of the RADARSAT office for their help in making available their
image analysis system in the processing of the SAR data. In particular, Dave Williamson is to be thanked for his
diligent and careful work. Thanks are also due the staff at CCRS for flying the experiment and the initial data
processing. Mobil Oil of Canada was most helpful in ensuring the observations from both meteorological and
wave sensors were made properly, and for providing me with the processed wind data. Finally, I wish to thank
Ron Wilson for permitting me to spend time on this project.

14



References

Alpers, WR., D.B. Ross and C.L. Rufenach. 1981. On the Detectability of Ocean Surface Waves
By Real and Synthetic Aperture Radar. J. Geophys. Res. V86(C7): 6481-6498.

Beal, R.C., P.S. DeLeonibus and I. Katz (ed). 1981. Spaceborne Synthetic Aperture Radar for
Oceanography. John’s Hopkins University Press, Baltimore.

Brown, O.B. and R.E. Cheney. 1983. Advances in Satellite Oceanography. /n U.S. National
Report to International Union of Geodesy and Geophysics 1979-1982. Amer. Geophys.
Union: 1216-1230.

Fu,L. and B. Holt. 1982. SEASAT Views Oceans and Sea Ice with Synthetic Aperature Radar.
Jet Propulsion Laboratory Publication 81-120, NASA: 200 p.

Gonzales, F.I,, R.C. Beal, W.E. Brown, JF.R. Gower, D. Lichy, D.B. Ross, C.L. Rufenach and
R.A. Shuchman. 1979. SEASAT Synthetic Aperture Radar: Ocean Wave Detection
Capabilities. Science V204: 1418-1421.

Keeley, J.R.. 1982. Comparison of Wave Measurements from a Synthetic Array Radar. Can. Tech. Rep. of
Hydrogr. and Ocean Sci. No.6. Marine Environ. Data Serv., Dept. of Fisheries and Oceans: 31 p.

Lapp,P.A. and D.J. Lapp. 1981. Preliminary Statement of User Requirements for Ice and Ocean Information.

RADARSAT: Report 81-3.

Raney, R.K. 1981. Wave Orbital Velocity, Fade, and SAR response to Azimuth Waves. J. Oceanogr. Eng.,

October.

Shuchman, R.A., W. Rosenthal, J.D. Lyden, D.R. Lyzenga, E.S. Kasischke, H. Gunther and H. Linne. 1983.
Analysis of MARSEN X Band SAR Ocean Wave Data. J. Geophys. Res. V88(C14): 9757-9768.

Vesecky, J.F., HM. Assal and R.H. Stewart. 1981. Remote Sensing of the Ocean Waveheight Spectrum using
Synthetic—Aperture-Radar Images. In Oceanography from Space, J.F.R. Gower (ed), Plenum

Press, New York: 449-457.

15








