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ABSTRACT

The RA-2 in  i ts  nominal  operat ion provides
averaged waveforms at the rate of 18 Hz (one averaged
waveform over 100 individual echoes, every 0.0557
seconds). It has also the capability to provide limited
bursts of individual, unaveraged echo sample data in
phase (I) and quadrature (Q), at the full PRF rate. In
this concept the full-rate data are stored, for a short
burst, into an internal buffer memory, in parallel to the
normal averaging and other functions of the
instrument. The buffered data are subsequently read
out at a much lower rate and appended to the normal
science data. These Individual Echoes (IE) are,
therefore, not processed on-board in the same way that
the nominal RA-2 waveforms are.

Recent studies have demonstrated that through the full
rate data it is possible to discover some behaviour than
cannot be seen with the averaged data. Moreover, it is
the first time in altimetry that we have echoes that
contain the information of the phase. This is a great
potential for new science studies.

This paper describes the algorithm applied on-ground
to the IE of the RA-2 Burst Waveforms to reproduce
the same process done by the instrument on-board
(except for the averaging). Once this algorithm is
applied to the IE they will be in the same condition
than the normal RA-2 telemetred average waveform,
but at 100 time higher surface sampling and with the
phase information. The final objective of this work is
the use of the IE fully processed and instrument
calibrated for calibration, validation and science
exploitation purposes. We will present results of
studies carried out using these IE.

The blurring on the averaged waveforms depends on
the total movement of the range window [1], which in
turn depends on slope of the terrain, the orbit slope and
ultimately, how well the on-board tracker tracks that
particular waveform shape. In early studies using ERS
data, the blurring on the averaged waveforms has been
estimated by simulating the ERS range window
movement during tracking [2]. Using individual echoes
there is no longer the need to do so, we can directly use
these echoes. The IE will be averaged in the correct

way and compared to the averaged waveform provided in
the nominal RA-2 product. Changes on the retracked epoch
and slope of the leading edge can be assessed for different
type of waveforms over different surfaces. In particular we
will present results of the analysis of the behaviour of IE
over the “Salar D’Uyuni” in Bolivia, to better understand
biases in retracking of specular echoes. The results can be
used to improve the current understanding of retracked
elevations over sea ice and help to improve tuning of current
sea ice retracking schemes for the EnviSat RA-2 instrument.

ESA has run a study on this topic to seed the use of
individual echoes by scientists. This study is completed and
reconstructed echoes will be made available for the first
time to the scientific community. Final results from the
technical and scientific application of individual echoes and
S band data are described in [3].

1. INTRODUCTION

The RA-2 has the capability to provide limited bursts of
individual, unaveraged echo sample data at the full PRF rate
for research purposes. In this concept the full-rate data are
stored, for a short burst, into an internal buffer memory, in
parallel to the normal averaging and other functions of the
instrument. The buffered data are subsequently read out at a
much lower rate and appended to the normal science data.
They are available as a dedicated-data product.

In the following subsection we give all the information
required in order to understand the processing of the
individual echoes, from their collection on-board and
transmission to ground, to the way the waveform processing
on-board the altimeter works.

2. INDIVIDUAL ECHOES COLLECTION AND
TRANSMISSION

During nominal operation RA-2 always transmits pulses 20
microseconds long at Ku-Band (13.575 GHz) with a Pulse
Repetition Frequency (PRF) of 1795.332 Hz (at S-Band, 3.2
GHz, it becomes 448.833 Hz). Under nominal operation
(during tracking) RA-2 collects therefore 1795 echoes per
second, but it transmits to ground only averages over groups
of 100 echoes. The averages are transmitted to ground in
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Retracking 100 Individual Echoes

Figure 5: Retracking of 100 IE’s of one Data Block (pink).
Retracking of the L1b PDS (the 18Hz waveform) (blue).

In order to better compare the results obtained with the
IE’s against the ones obtained from the average
waveform in the PDS level 1b data products, the
retracked ranges have been converted to elevations1.

Figure 6 shows, in dark blue, the elevations calculated
for each IE over the salar d’ Uyuni in pass 139 on the
10th of October 2002. The horizontal axis corresponds
to 2000 IE (equivalent to 20 average waveforms or
DB).

When retracking each IE and calculating the mean
elevation (red line), we obtain an elevation of about
3697.63 meters and a standard deviation of about 2
centimetres (light blue lines).

Figure 6: Elevations of 20 Data Blocks over the Salar de Uyuni

This elevation can be compared with the one obtained
retracking the average waveforms of the Level1b PDS
product (green lines). There are differences of

                                                            
1 Some of these elevations do not include the geophysical corrections
other than the ionospheric correction (e.g. Figure 8).

approximately 7 mm between these elevations (Figure 7).
So, when retracking the average echo provided by RA-2,
there is a loss of information leading to an error in the
elevation. This error is about 1 cm over the salar the Uyuni,
but it very much depends on the surface characteristics.

Figure 7: Elevation differences between the IEs and the 18Hz average
waveform from the PDS, par Data block

Data from 2006 were also analysed. Unfortunately most
passes did not fall sufficiently centred in the salar but in the
limits of it. Only data from April 2006 (5 records, or
approximately 0.2785 seconds) and September 2006 (also
about 5 records) were such that the return echoes were
sufficiently specular to be able to apply the Gaussian
retracker.

Figure 8  and Figure 9 show the differences of about 1 cm
between L1b and IEs in April 2006 (Figure 8), and a bit
higher in September 2006 (Figure 9).

Figure 8: Comparison between elevations computed from the IE’s and
from the corresponding average waveforms, for 5 DB in April 2006, at

the limit of the salar de Uyuni, in Bolivia.

4
cm



Figure 9: Comparison between elevations computed from the IE’s
and from the corresponding average waveforms, for 5 DB in
September 2006, at the limit of the salar de Uyuni, in Bolivia.

6. CONCLUSIONS AND FUTURE WORK

After having developed this IE processor, we have, for
the very first time in altimetry, a much higher surface
sampling and the phase information of our echoes.

The IE’s have allowed us to demonstrate that the use of
un-averaged echoes when possible can provide better
surface information (in particular elevation, but this
can be extend to other characteristics as Significant
Wave Height). The on-board average echo is distorted
due to movement of the range window during the
tracking process. This distortion can be avoided by
using the IE’s that formed that average waveform.

We have analysed 3 cases over the salar d’Uyuni and
we have found a discrepancy of about 1 cm between
the two retrieved ranges (or surface elevation).

After these first results, our next objective is to study a
higher number of passes with IE centred over the salar
and also over the ocean, in order to see further
advantages of having a 100 time higher surface
sampling. And finally, the phase provided by those IE
will be especially studied owing to the fact that it is the
first time in altimetry that echoes transmitted on-
ground contain this phase information.

Finally, a strong recommendation to the altimetry
scientific community to discard the first cycle of the IE
set collection. The information on which is the first
cycle shall be provided by ESA.
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