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Iceberg detection using the three modes of SIRAL on Cryosat
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Cryosat is the first ESA satellite mission dedicated to the study of the Cryosphere. Its primary goal is to monitor t kness of land ice and sea ice ang help ¢

melting of the polar ice and the rise in sea levels and how this is contributing to climate change. The main instrument is the SAR/Interferometric Re

It operates in three modes:

-Low-resolution mode (LRM) like a conventional altimeter, on land ice or see

-SAR mode (Delay Doppler Altimetry) operating a high reso

-SAR interferometer (SARIn) mode operating on rough surfaces like on the sea ice/land limit. Delay Doppler Altime orecision and better along-
track resolution than pulse limited altimeters. D.D. altimeters have a high pulse repetition frequency to e'&u_r  pulse-to- .'Ilr é cohe . ; tion about 300 meters,
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The signature of an iceberg within the " now o
o altimeter waveform was first described S— e .
,-f 4 by Tournadre et al (2008). Any target
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Altlberg data base emerging from the sea surface has a

detectable signature in the noise part
of the waveforms if its range lies waveloliis L OF el WCi Iceberg1: located far enough from

withi e ana|ys|s window and if its I[c);gliﬂergs ¢ R Signa_ture entirely visih.le within the wav
bac is high enough to come corre.ctIS(;/v V(V:G/gen(e)::iTSThe ar:?:_ noise part. In pseudo LRM space the p
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e signature is a parabola the satellite overpass. In rang

ose characteristics are defined by 2o0APOgS IS e Sl waveform space, the signature

the orbital and sensor parameters. The  mediy WavEIONEA (DM ol ueliiam

For the LRM mode these signatures DDM  (similar  to classical * |ceherg2: closer to the satelliteffrack and/or higher freeboard. In pseudo LRM space
are easily detected?.This example a:?"megyDLgl\'/\l/l r\ivave:‘ﬁrmsrz_f?ni only a portion of the parabola lies within the analysis window. Using the SARVATORE
shows the along-track signature of ’?hlgne . S fOV\{ch o Ib - extended radar receiving window size and FFT zero padding (thus 512 range bin
two icebergs. SO RO Hy _9SDEl waveform) the signature of this icebergs clearly appears in the waveform space (bright
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Analytical model of altimeter
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signature spot). The use of such processing more than triple the effective swath of detection of
i iceberg using DDA
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DDA Iceber g signa ture _ /7 7 Interferometry on icebergs
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shows the change of Doppler bin during the ¢ : : E 'y o A St T |
J | satelite overpass. For each DDM the position = © = s = @ 7o w 'y Where a.: incidence angle, D baseline, A radar
(range and doppler) of maximum backscatter Range migration lai=-7045531 grtion lat=-70. F H - wavelength. Distance d, from nadir
within the waveform noise part is determined. £ 2 ] I_.-';I."'._._.-';ii.-;ff . d,=H ¢ il
The mean backscatter over the icebergs is &« | .y The range t, of the iceberg is given by
computed by summing the DDM translated using T QODOSSWB?? 70 20 I 50 6 / . T d(z)
the apparent |Ceberg d|Sp|acement Th|S mean Range migrationIat:—?O.SQSJCeberg Range migraionlat=-70.8685 .'1]:,:; f 7—_6+2H”
field .gives a picture of the icebergs and a direct -, ' < ., ; f 5 4
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the power received by the 2 antennas is
incoherent. The phase difference and
coherence have a zero mean. Over an

T b For pseudo no range alignment waveforms:
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il The range position from the parabola and the Phase difference==> incidence angle.
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complementarity of the two methods. The y . e
| Doppler position from the DDM analysis is in i
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- The map of backscatter from the average e S
following the apparent displacement of the - S i o nadis
R T iceberg gives an estimate of the iceberg's area. T T . 3]
Here the area is about 0.5-1 kmz2. o, Lo Ui
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CONCLUSION & PERSPECTIVE

The three modes of operation of cryosat allows the detection of icebergs. For LRM and pseudo LRM (without range correction) the method is identical to the one used for classical altimeters.
ﬂa'or SAR data, the method of detection is based on the detection of bright spots within the waveforms noise part. Delay Doppler Altimetry provides Delay Doppler Maps that contains a wealth of information. The DDM gives a picture of the
iI-"" iCebergs backscatter at high resolution. Using the position in range and Doppler of the iceberg it is possible to average the backscatter following the displacement and thus to reduce the noise level. This method provides a base to calibrate
the riuodel relating distance from nadir and area to range and backscatter.
In SARiIn mode icebergs have a detectable signature in power, coherence and phase difference. Indeed, the surface of icebergs gives a coherent signal in the noise part where the noise is normally incoherent. The detection is first made by
bright spots detection and a threshold of coherence. The phase difference gives the distance from nadir and thus the freeboard using the rtelation betwse'en range, freeboard and distance from nadir. The three modes of Cryosat will be
included in the Altiberg data base in the near future.
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