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NB. Pdf versions of the slides have been prepared from the original ppt, in order to save file space, but some of the transitions are lost.
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	1. Welcome (ESA / ESRIN) 
Jerome Benveniste welcomed all the participants and outlined the context to the SAMOSA project, which was to provide a through analysis of the performance improvements that can be expected when operating an altimeter in SAR mode over the oceans, with respect to the “conventional” operation. 
	
	
	

	2. SAMOSA Project Overview (SatOC)
        (see SAMOSA_Final_2.0.pdf)
· David Cotton provided an overview of the SAMOSA project, with a brief introduction to the motive and the objectives 
	
	
	

	3. Detailed Processing Model – Key Features (NOC)
(see SAMOSA_Final_3.0_NOC.pdf)
The SAMOSA project delivered a Detailed Processing Model for the SAR Mode Re-tracker over Ocean in July 2010. The version of the DPM was based on the SAMOSA1 model, which has since then been improved so that the whole waveform is fitted (in the DPM implementation the fitting does not include the whole tail), and runs more quickly. 

Also the more theoretically comprehensive SAMOSA2 model (to be discussed later) has since been developed.


	
	
	

	4. Development and Assessment of New Applications for SAR Mode Data Over Water
4.1 RDSAR and the SAMOSA1 model (STARLAB)

(see SAMOSA_Final_4.1_STARLAB.pdf)

STARLAB described the “RDSAR” theory and approach. There was a need to develop a methodology to produce Low Rate Mode equivalent data from the data produced in SAR mode. This allows for a quantitative comparison of performance between Low Rate Mode data (like conventional altimetry) and SAR mode data. It is also important so that a consistent data set could be produced when the altimeter switches between the modes over the ocean.

Issues to manage included the need to sum waveforms that were uncorrelated, and to retain equivalent numbers of pulses

STARLAB also described the theoretical basis of the SAMOSA1 waveform model, which assumed Gaussian sea surface statistics, a circular antenna pattern with Doppler selection, along track only curvature effects and mispointing, and no radial velocity effects. 


	
	
	

	4.2 Range Retrieval Performance in LRM, SAR and Pseudo LRM mode (NOC)
(see SAMOSA_Final_4.1_STARLAB.pdf)

NOC presented results of applying a retracker based on the SAMOSA1 model to simulated data and to Cryosat-2 data.

NOC also described the extension of the SAMOSA1 retracker which fitted to the whole waveform.

The analysis with simulated data indicated that RDSAR and LRM provided equivalent performance, but that SAR mode  offered an improved range retrieval accuracy by a factor of approximately 2. In contrast, retrieval accuracy of SWH in SAR mode was found to be worse than LRM.

Application of the SAMOSA1 re-tracker to Cryosat-2 data, when compared to Jason-2 for the same area and time period, also indicated that SAR mode offered improved accuracy in range retrieval, but also the SAR retrieved SWH had similar or slightly better accuracy than LRM – in contrast to the results from simulated data.

More collocations with other satellite data and in-situ truth are needed to further verify these results.

Discussion
· TP noted that the Cryosat-2 mode mask in the North-East Atlantic had now changed so that an area that was in LRM was now in SAR mode. This could allow comparison between LRM and SAR performance. The Cryosat-2 IPF was updated on 27/01/11 and data since that date are much improved (the waveforms are no longer truncated and are corrected for internal path delay

· KR asked how the SWH was retrieved from the waveform, and noted that in this application it was related to the width of the echo, rather than simply to the slope of the leading edge. He suggested SWH retrieval should focus on the central Doppler cells, as the width of the waveform increases with Doppler cell value.

· PF asked about retrieval of surface backscatter. This is one of the parameters used in fitting the waveform, but to date all the analysis has been carried out on normalized waveforms so backscatter retrieval has not been analysed

	
	
	

	4.3 Re-tracking Application for Airborne SAR Data (ASIRAS)

(See SAMOSA_Final_4.3_DTU.pdf)

DTU described the application of the SAMOSA1 re-tracker to data collected over the Denmark Strait in April 2006 from an airborne SAR operated as part of the CRYOVEX experiment.

Despite the fact that there were many significant differences between the airborne and spaceborne SAR altimeter implementation, it was found that the SAMOSA1 retracker was able to retrieve realistic sea surface heights and significant wave heights.

Discussion
· KR had some suggestions on how the processing could be developed to compensate for the effect of the periodic aircraft roll.


	
	
	


	5. Further Development of SAR Waveform Model and Re-tracking Applications   

5.1 Refined Model Overview (STARLAB)

(See SAMOSA_Final_5.1_STARLAB)

· STARLAB presented the basis behind the more complete SAMOSA2 waveform model, which includes Non-Gaussian sea surface statistics, an elliptical antenna pattern, radial velocity effects, across track earth curvature and mispointing. The model has been developed in such a way that each of these refinements can be added separately to allow investigation of the impact on performance

· STARLAB carried out a test application of this model on Cryosat-2 SAR mode data over the Mediterranean and showed qualitatively that fitted waveforms from the new model provided a good fit against real Cryosat-2 waveforms


	 
	 
	

	5.2 Numerical Assessment of Improvements from Refined Waveform Model (STARLAB)

(See SAMOSA_Final_5.1_STARLAB)

· STARLAB carried out a numerical assessment of the performance of the new waveform model based on Cramer Lower Bound theory

· They found significant differences between the SAMOSA1 model and the SAMOSA2 model even with all the refinements “switched off”, and so evaluated the effect of adding different effects against the SAMOSA2 with no refinements.

· The inclusion of a non-Gaussian sea surface had by far the greatest impact on the results.

Discussion
· RC was asked if weighting was applied to the waveforms in the Cryosat-2 (multi-look?) processing. He said the option existed to apply a Gaussian weighting but it was not implemented.

· KR asked why the addition of refinements to the model apparently increased the errors in the range retrieval.
	
	
	

	5.3 Range Retrieval Performance of 2nd Generation Re-tracker. Results from Computer Simulations and Initial Analysis of Cryosat-2 Data (NOC)

(See SAMOSA_Final_5.3_NOC.pdf)

· NOC presented results form the application of the new SAMOSA2 model in an ocean re-tracker, first demonstrating the effect on Doppler Maps and multi-looked waveforms.

· There are some difficulties with the implementation. The retracker is currently slow to run, although solutions to replace some of the integrations required with analytical forms of functions have been identified. 

· The effect of mispointing was investigated through two specific computer simulations one of which included a realistic (along track ) mispointing angle of 0.05°. The effect on the SAR waveforms, and hence retrieval performance was found to be very small.

· Application to simulated data confirmed the earlier findings from the SAMOSA1 model: an improved range retrieval accuracy by a factor of 2 for SAR data over LRM, but apparently worse performance for SWH retrieval.

· Only limited testing with real Cryosat-2 data was possible because of the longer processing time needed

· It was recommended that the SAMOSA1 and SAMOSA2 retrackers should be applied to the same Cryosat-2 data and validated against an independent data source.

Discussion
· One outstanding question, which has a bearing on the SWH analysis, is whether the simulator, built for Cryosat-2 is able to realistically represent ocean waves. It is understood that the Sentinel-3 SIRAL simulator should be delivered and available to ESA by July 2011, and so could be used to validate these results.


	
	
	


	6. SAR Mode Altimetry Over Inland Waters (DMU)
 (see SAMOSA_Final_6.0_DMU.pdf)
· DMU represented results from computer simulations of inland waters from four scenarios: Amazon, USA Lakes, Estuary, Wetlands. Each was selected to test different aspects of performance of SAR mode altimetry (e.g. rapidly changing topography, detailed variability in backscatter, high range in backscatter)

· The LRM and SAR mode output data were tracked using a modified version of the DMU Expert System (BEST) retracker, developed specifically for tracking altimeter waveforms over land and inland water.

· A high percentage of waveforms were tracked for all scenarios and the ability of the SAR mode to recover small scale variability was demonstrated.

· An initial analysis of Cryosat-2 data over the USA was carried out and waveforms successfully tracked.

· It was concluded that valuable data can be recovered over inland water, the high PRF of SAR FBR data allows measurement of small water bodies with appropriate filtering, stacking and multi-looking and properly configured retrackers.

Discussion
· HR concluded that there is not currently an established processor that can be used to process SAR FBR data as part of an operational processing chain

· JB agreed, but noted that as yet there was not such a system that could be applied to LRM data (as part of an operational processing chain). Currently such processing requires an expert system such as that employed by DMU.

· DMU were encouraged to look at more Cryosat-2 data including SARIN mode data.
	
	 
	

	7. Review, and Recommendations for Further Work (SatOC)
       (see SAMOSA_Final_2.0_SatOC.pdf)
· DC briefly summarised the key achievements and findings of the SAMOSA Project and recommended the following ítems of further work:

· Efficient implementation of SAMOSA2 model.

· Validation and testing against wider range of Cryosat-2 data (co- located with reference data)

· Investigate SWH and s0 performance Look at real small scale features. Any relevant data issues to be aware of?

· Cross-validate with Sentinel-3 simulator on same scenarios.

· Testing against alternative re-tracking approaches.

· Update DPM.

· Validate RDSAR on real data to prepare for Sentinel-3 mode transition (SAR-LRM).

· Link to Coastal Altimetry developments – processors, geo-corrections Test approach with Cryosat-2 data.
· 
	 
	 
	

	8. Final Discussion

KR was invited to comment and later offered the following notes:

· In general, it was good to hear about the progress that the SAMOSA Team has made on interesting and sometimes challenging problems raised by pressing the potential capabilities, limitations, and processing issues presented by the data from SAR-mode radar altimeter architectures.

· It is noted that the history of oceanic radar altimetry offers opportunities to place in appropriate perspective what has been accomplished, what we may try to achieve in future, and the time scales for these steps. For reference, an Annotated Bibliography from KR is attached to these minutes. The history of the traditional approach to observing the ocean’s surface by a nadir-viewing radar shows that it required more than 20 years for a rudimentary understanding of the ocean’s response function (1957) to evolve into an operational methodology (early 1980s) for extracting the parameters of interest (principally SSH, SWH, and WS) from the radar’s returns.

· As the Sentinel-3 era approaches, there are those who are eager (as was evident at this meeting) to have in place operational algorithms for parameter retrieval from SAR-mode altimeter data. Patience is advised. The concept of a combined “pulse- limited and beam-limited” radar has been known to the wider community for only about 13 years, and real data from such an orbital radar (CryoSat-2) has been available for less than one year. Considerable progress has been made by the SAMOSA team and others, but at present there is no consensus on methods, potentials, or limitations associated with parameter retrievals from such a radar.

· SAR-mode data from an inclined orbit over the global oceans could lead to a two- octave improvement of the spatial scale of retrieved bathymetry. CryoSat-2 data could be exploited to verify this expectation, at least on a small scale. Further, it may be possible for the CryoSat-2 simulator to generate sufficient data to put this claim to the test, although there may still linger concerns about the suitability of such data for this application, which falls outside of the intended purpose for that facility.

· Tracking and re-tracking approaches seem to be converging, based on exercises with simulated as well as actual SAR-mode data.

· Efforts within SAMOSA to transform SAR-mode data (either from simulated data sequences or from actual CryoSat data) into pseudo-LRM data have been successful, passing quantitative statistical tests for their acceptance. This tool should be valuable for comparative evaluations of retrievals from the two modes over a variety of oceanic conditions.

· Results seem to show consistently that the precision of SSH retrieval from SAR-mode data is significantly better (by approximately a factor of 2) than for retrievals from LRM data. This is in line with early predictions and simulation studies.

· Retrievals from SARM and pseudo-LRM claimed to have less consistency for SWH retrievals. This may be due to the lack of “fit” between the model and the data for the tails (later time delays) of the waveform distributions. The “width” of the model profile when fitted to the data depends on the fit at the later time delays. Convergence between the model and the data on this aspect should lead to improvements. One way to approach that goal could be to adapt the Jensen re-tracking method to the problem, since the first step in that method is to transform the SARM peaky (hybrid pulse- and beam-limited) waveform into a Brown-style pseudo-pulse-limited waveform.

· It was argued that the reason for the very high PRF (~18 kHz) in SARM is to assure correlation between adjacent pulses. Strictly speaking, this argument is not correct. Once the PRF is well above the WALSH limit (~2500 kHz), correlation from a user’s point of view is guaranteed. The reason for the high PRF in SARM is to assure that the Doppler spectrum across the antenna pattern is adequately sampled. If the PRF is above the Doppler band-width, then the Nyqusit lower bound on sampling rate is satisfied. This is purely a radar argument. The Nyquist lower bound assures that there will be minimal ambiguities in the sampled data; it has nothing to do with the inherent correlation within the signal stream due to the properties of the observed scene.

· The sampling rate question is central to the design and performance of a SAR mode altimeter. The question was addressed in a paper presented by KR at the ESA Living Planet symposium (Bergen, Norway, 2010), a copy of which is attached to these minutes. The main theme of that paper is that future designs of a SAR-mode ocean-viewing altimeter could realize about three times as many statistically independent looks than are possible from the design approach taken for CryoSat.

· The summary of detailed studies on the tracking and sampling properties of the ASIRIS airborne instrument was informative. The bottom line is that IF an airborne system is to generate data that are similar to those gathered by the intended orbital instrument, THEN the dominant requirement on the airborne system is to replicate as closely as possible (given the limitations of the aircraft’s speed and altitude) the geometrical parameters at the surface for the two data sets. These include in particular incidence and footprint resolution. Analysis of ASIRIS data revealed that its very fine along-track resolution (a few meters in contrast to CryoSat’s ~200 m) and large off-nadir incidence (~45° in contrast to CryoSat’s ~2°) both induced unacceptable behaviour in the resulting data.
      In addition the further comments were noted

· To further compare between LRM and SAR performance should extract and re-track Cryosat-2 data over an area of ocean where statistics are consistent over an area of 100s km and where the mode switches between LBR and SAR. 

· Noted that different re-trackers may be needed for different applications, e.g. for different oceanic conditions or to retrieve different parameters.

· May be more appropriate to consider performance over a broader scale (e.g. on grid) rather than individual along track profiles.

NP reported on relevant activities at CNES. A study with CLS has recently started, led by Pierre Thibault and is working on the development and application of a SAR ocean re-tracker. CNES is also working on the development of a simulator for application to SWOT.

JB recommended that a common approach was required to provide an independent and consistent assessment of the different re-tracker developments, against some form of benchmark.


	
	
	

	Close 15:45
	
	
	


SAMOSA2_Final Presentation Meeting-1890511_minutes.doc

[image: image1.jpg]