
SCOOP WP1000  
Scientific Review and 

Requirements Consolidation"
Led by NOC, with CLS, SatOC, isardSAT, UPorto!
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Overall WP1000 Objective"
•  Review state of the art in SAR altimetry and 

provide recommendations!
–  input datasets!
–  methods!
–  specific algorithms!

•  Those are used for generation of test dataset!
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Sub-Workpackages and Deliverables"
•  WP1100 SAR Altimetry Scientific Review"
•  WP1200 Critical Review of the Technical 

Requirements !
•  WP1300 – First draft of the Algorithm 

Theoretical Basis Document(s) !
•  WP1400 – Compilation of the Processing 

Options Configuration Control Document 
(POCCD) !
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Status"
•  WP1100 !

–  baseline knowledge and review of 2013-2015 
progress carried out by NOC!

–  L1a to L1b state of the art reviewed and detailed by 
isardSAT!

–  L1b to L2 work, and collation of recommendations 
work in progress by NOC!

–  first draft (v0.2) just circulated for comments and 
discussion at this workshop and in the following days!

•  update by end of this week!
•  please feed comments by 5 Feb, for final release by Feb 9!

–  eventually turn into a paper? TBD!
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Status (cont.)"
•  WP1200!

–  L1a to L1b requirements provided by isardSAT with 
back-mapping into SoW requirements!

•  needs streamlining and remapping into new requirements for 
data production (forward-mapping)!

–  L1b to L2 requirements being written by NOC!
•  will solicit qualified, target-specific input from partners!

–  Geographical ROI cataloguing has been coordinated 
by isardSAT!

•  Note Harvest region added (31-38N, 119-124W) to C2 SAR 
mode mask as requested by Noveltis after KO!

•  Current C2 SAR patch portfolio covers wide range of 
conditions!

–  Draft by Feb 3, comments Feb 9, final release Feb 12!
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Status (cont.)"
•  WP1300 ATBD!

–  RDSAR algorithms to be provided by TU Delft!
–  L1a to L1b algorithms already provided by isardSAT!
–  L1b to L2 algorithms provided by STARLAB!

•  WP1400 POCCD!
–  same sections as ATBD!
–  TBD following recommendations in TN1!
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WP1100 – State of the art"
•  Based on !

–  project reports!
–  contributions at meetings and conferences!
–  recent peer-reviewed literature!

a critical review is being carried out of the 
characteristics and performance of the methods 
and algorithms that have been implemented in 
processing SAR altimeter data. !
•  From this review, recommendations are being 

drafted on the approaches / schemes to be 
implemented in processing SAR data to 
generate the Test Data Sets for this project!
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Inputs"
•  Starting point: SAR 

expert group meeting, 
NOC June 2013 
(Gommenginger et al)!

•  OSTST & CAW 
2013/14/15!

•  CP40 findings and final 
‘scientific roadmap’!

!
•  SAR mode literature up to 

Oct 2015!
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Gommenginger et al. Review 2013"
•  Evidence of clear benefits from SAR Alt on C2:!

–  measurement noise diminished both for SSH and 
SWH;!

–  transitions at mode switch are smooth!
–  the spectral description of SSH at short ocean 

wavelengths is improved (no ‘bump’);!
–  better coastal data (TBC more qualitatively)!

•  Comprehensive review of wf & retracking models!
–  empirical, numerical, semi/analytical and fully-

analytical (incl SAMOSA3 for S3 DPM)!
•  Comprehensive review of RDSAR techniques!
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Gommenginger et al. Review 2013"
•  Strong Interleaved SAR mode recommendation 

for Jason-CS!
–  of relevance to SCOOP group: is this still possible for 

S-3 C/D ???!
•  number of issues that were undergoing (or 

required) further investigations;!
–  sensitivity to platform mispointing!
–  the lack of a Sea State Bias (SSB) in SAR mode!
–  the effects of swell and swell direction !

•  discussion on some technical aspects missing 
as it was just starting at that time!
–  windowing in azimuth, zero-padding, ‘peeling’ of the 

stack prior to multi-looking, etc!
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CP40 scientific roadmap"
•  SAR Processing Issues!

–  SAR Waveform !
•  Under-sampling peaky waveforms!
•  Optimising Doppler processing /selection / weighting!
•  Purpose /optimisation of Windowing!
•  SAMOSA implementation (PTR, Thermal noise)!
•  SAR waveform blurring at high alt rates  !

–  RDSAR Processing!
•  Effect of SAR transmission pattern on waveform statistics!
•  How to improve waveform statistics / minimize use of correlated 

echoes!
•  Investigations into SAR Altimetry Characteristics!

–  SWH dependencies / errors!
–  Impact of swell!
–  Development and evaluation of SAR mode SSB models!
–  Dependence of retrieved parameters on roll angle, pitch angle, 

radial velocity!
–  Characteristics of Full Bit Rate echoes, stack data !
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Key progress points at L1"
•  stack issue 1: how to weight outer doppler bins !
•  CLS weighted MLE3 retracking gives more 

importance to portions of the waveform with low 
power!
–  so next step is to weight the doppler beams too!

•  the concept of a “weighting-up” of the outer 
doppler beams is also present in the AC/DC 
approach, see later!
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Key progress points at L1"
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Key progress points at L1"
•  stack issue 2: exploiting the distribution of 

power in the stack!
–  use for mispointing (Moreau et al OSTST2014)!
–  use for pitch estimation (Scagliola et al GRSL 2015)!

!
–  mispointing also can be derived from stack in the AC/

DC approach!

•  stack issue 3: individual doppler retracking 
(Moreau et al OSTST2015)!

•  to be explored in SCOOP!
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Key progress points at L1"
•  computation on a finer ground step (Dinardo et 

al CAW2013, OSTST2015)!
–  ~80 Hz natural choice (burst repetition frequency)!
–  datation time and geo-location information are 

provided at each burst center in the FBR products !
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THE DELAY-DOPPLER CONCEPT: SPOTLIGHTED ALTIMETRIC

MEASUREMENT OR AT FINER SPACE GRID
The Synthetic Aperture (Delay-Doppler) Radar Altimetry Concept makes possible to steer the Doppler Beams to any along-track point of the overflown

surface .

This means that with SAR Altimetry, it is possible to post an altimetric measurement located at any desired point along the satellite track.

This is a quite intriguing novelty for inland water or coastal domains wherein scientists would like to achieve an altimetric measurement exactly over

quite sensible locations as river/coast banks or river-cross centers (spotlight observation), or , looking beyond, the application of this concept shall

make feasible the usage of customized grids where users “a priori” request altimetric measurements exactly over the provided grid points.

CryoSat-2 gives the possibility for the first time to realize this principle since the instrument downlinks directly on ground the raw data (Full Bit Rate or

FBR, aka L1a) and hence alternative processing approaches may be attempted.

In our first implementation, in order to explore the potentiality and utility of this concept, we decided to process a series of CryoSat-2 passes at a

finer space grid step. For convention, in Delay-Doppler Altimetry, the grid step has been fixed at 300 meters (to be coincident with the instrument along

track resolution).Now, instead of the conventional 300 meter grid step, we process the CryoSat-2 passes at a grid step of about 80 meters (or at a posting

rate of 80 Hz). This number, 80 meter, is a convenient one: it has been chosen since it corresponds to the CryoSat-2 burst repetition interval (BRI) and

the datation time and geo-location information are provided at each burst center in the FBR products. Hence, fixing the grid center locations exactly at

burst centers (as we do) allows to skip the cumbersome operation to interpolate the satellite orbit at the grid locations which are 300 meter distant.

PASSES OVER RIO TAPAJOS (AMAZON)

SAR Altimetry at 80 Hz: 
Open Sea, Coastal Zone, Inland Water 

S. Dinardo (He Space/EUMETSAT), R. Scharroo (EUMETSAT), J. Benveniste (ESA-ESRIN)

ABSTRACT
Thanks to the CryoSat-2 unique capacity to downlink unprocessed Full

Bit Rate (FBR) data, different data-processing strategies and/or

approaches can be attempted and implemented on ground.

This is particularly helpful, when operating in the coastal zone, inland

water or land. On these particular domains, It seems sensible to have

SAR-processed echoes treated at highest repetition frequency possible

in order to capture all the short scale variability of the coastal scenario.

In the Delay-Doppler processing algorithm, the parameter controlling

the echo posting frequency is the grid space step that conventionally has

been fixed at frequency of 20 Hz (300 meter) in order to match the

instrument along track resolution, but the grid space step can be

arbitrarily defined to any desired value.

In the present work, we will attempt to Delay-Doppler process the FBR

data with a finer space step, around 80 meter, that corresponds to a

frequency of 80 Hz (Burst Repetition Frequency) and we will try to

quantify the improvement, in term of precision and in term of

observability of short scale signals, that is achieved from usage of that

finer space step. It is worth to notice that, whereas the grid space step

shrinks from 300 meters to 80 meter, the theoretical along-track

resolution of 300 meter will remain unaltered.

Once that the L1B SAR echoes have been generated at 80 Hz, they will

be re-tracked at 80 Hz using the SAMOSA model in order to retrieve the

geophysical quantities: Sea Surface Height (SSH), Significant Wave

Height (SWH) and Wind Speed at 10 meter (U10).

The experiment will be run in the waters of the German Bight (Wadden

Sea) and Northern Caspian Sea and it will consist in processing the

same FBR dataset at 20 Hz (standard grid case) and at 80 Hz (overgrid

case) and in spotting the differences between the two cases in term of

statistics and resolving power.

The current work is a feasibility study, preparatory for the data

exploitation of the Sentinel-3 Topography Mission over coastal zone

and inland water.

THE SPACE RESOLUTION IS IDENTICAL!
It is important to pinpoint that in this process, the space resolution is not altered: the theoretical resolution keeps to

value around 300 meters; what we are changing is the space sampling grid; in all the Delay-Doppler scheme, the

only change that we make regards the grid bin size.

300 meters

Burst n-1 Burst n

SSi Ssi+1

Burst n-1 Burst n

SSi Ssi+1
150 meters 150 meters

Ssi+½

The ground cells are localized on river banks: potentially we miss to
observe the river cross center….

Now, we steer the Doppler beams at the river cross center: a new
measurement exactly at river cross center is now achieved !

ENHANCEMENT OVER COASTAL ZONE AND OPEN SEA

WAVE NUMBER SPECTRA AND FINAL WORDS

In the Delay-Doppler Scheme, the only change that we operate regards the grid bin size: WE DONT CHANGE 
THE  THEORETHICAL ALONG TRACK RESOLUTION, ONLY THE GRID STEP SIZE!

Above Image  from Keith Raney Standard 300 m
Now fixed at 80 m On left, the radar image (Radar Echogram) for the Rio Tapajos River Cross at standard 300 m grid step, on

right the gridding over the river cross (red points)

On left, the radar image (Radar Echogram) for the Rio Tapajos River Cross at finer 80 m grid step, on right the
finer gridding over the river cross (white points)… the enhanced sharpness of the radar image is striking !!!

Over open sea, we re-track the SAR Multilooked Echoes at 80 Hz using the SAMOSA Model and then we generate

the altimetric geophysical parameters (Sea Level Height, Significant Wave Height and Wind Speed) at 80 Hz.

Therefore, what we are realizing is to carry out a sub-pixel re-tracking of the SAR Echoes (i.e. retracking SAR

echoes at 80 m whereas the SAR space resolution is 300 m in along track direction).

This is in continuity with Pulse-limited (LRM) altimetry wherein the retracking is operated at 20 Hz (300 m)

whereas the instrument resolution (pulse-limited circle) is varying between 1.5-7 km (5Hz-1 Hz) (exact value

depending on the sea state).

The multi-looked SAR Echoes generated at 80 Hz are still partially uncorrelated (that means that averaging them

allows to knock down the speckle noise.. See the top left picture in this box).

After generating the Echoes at 80 Hz, the geophysical parameters (Sea Level Height, Significant Wave Height and

Wind Speed) are downscaled at 20 Hz, applying a simple average of 4 consecutive values; subsequently, having

generated the geo-parameters at 20 Hz , the standard statistics are calculated on this 20 Hz dataset (performance

curves and scatter plot).

Over open sea, a 25% of improvement in term of noise is obtained for all the geo-physical parameters wrt 20 Hz

case.

The open sea averaged wave number spectra

have been computed for three months (2014/1

to 2014/3) in the south east pacific box at 20

Hz and 80 Hz. The spectra confirm that the

SSH, SWH and U1o when generated at 80 Hz

and averaged to 20 Hz exhibit lower level of

noise with respect to data generated at 20 Hz.

In building the spectra, an operation of data

editing has been applied so to that all the

contaminated data have been ruled out from

spectral analysis.

The concept to Delay-Doppler process CryoSat-

2 data at finer space grid step is quite

promising. The 80 Hz SAR Radar Echogram

image on river crosses or coastal zone to sea

transitions appear to be sharper than in SAR at

20 Hz; more subtleties become visible and

distinguishable. Sea Surface Height and Sigma

zero plots (approaching the coast) show that

now is possible to detect more short scale

features in coastal zone and closer to the coast.

The exploitation of the 80 Hz SAR Data at

finer grid step is also very encouraging over

open sea where a range noise of 0.75 cm is

now achieved ( whereas it was 0.95 cm in SAR

at 20 Hz) and wave number spectra confirm

the improvement for all the geo-physical

parameters.

Dinardo et al., OSTST2015 



Key progress points at L2"
•  Improvements in SAMOSA models!

–  comprehensive details presented by Roca et al at 
CAW/OSTST2013, Martin-Puig et al at OSTST2014!

•  L2 now adapted to any kind of SAR mode processing!

•  SAR/SSB issues still much open!!
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Key progress points - corrections"
•  Great improvement in Wet Tropo: GPD+ 

(UPorto)!
–  from Alt MWR, ~700 GNSS stations, imaging MWR!
–  available globally for 8 missions, great improvement 

at the coast, significant impact on regional sea level 
trends!
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RMS difference between various 
WTC and WTC at coastal GPS 

stations  

Topex/Poseidon 3.5 

3.0 

2.5 

2.0 

1.5 Fernandes et al 



Assessing SAR mode performance"

Flight 
direction 

The difference in height between 
one along-track resolution cell 
and the next is essentially only 

due to instrument noise 

~300m 

We use the absolute value of this difference as an indication of noise 
in that particular location along the track 



Key progress points - coastal"
Quantitative analysis shows 

excellent performance!
!
!
Validation against tide gauges 
ongoing and very encouraging: 
RMS < 10 cm with search 
radii around ~20 km"

!
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Key progress points - coastal"
–  reduction of fitting window (CLS)!
–  georeferentiation of Stack and selection of range bins 

for retracking (Starlab)!
–  both to be explored in SCOOP!
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Key progress points – AC/DC"
–  Amplitude Compensation/Dilation Compensation!
–  Ray et al!

•  OSTST2014!
•  GRSL 2015!

–  is it done in S-6??!
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IEEE GEOSCIENCE AND REMOTE SENSING LETTERS, VOL. 12, NO. 12, DECEMBER 2015 2473

Amplitude and Dilation Compensation of the
SAR Altimeter Backscattered Power

Chris Ray, Mònica Roca, Cristina Martin-Puig, Roger Escolà, and Albert Garcia

Abstract—A new method of forming the synthetic aperture
radar altimeter multilook backscattered power waveform is pro-
posed for application over water. The method compensates the
waveform for both variations in amplitude and dilation in range,
which are caused by the geometry of the observation and the signal
processing chain of the instrument. Using Cryosat data collected
over the Pacific Ocean and over the Black Sea, the method is
used to retrack the geophysical parameters of sea surface height
and significant wave height, and the noise level of these retracked
parameters is compared with the noise levels of conventionally
retracked parameters. It is found that applying amplitude com-
pensation and dilation compensation leads to a reduction in the
noise level by up to a factor of 4.0 for sea surface height and
2.5 for significant wave height. The reduction in noise is largest
for small significant wave heights. In addition, the waveform is
accurately modeled by a single argument function, needing only a
scaling and offset to fit the multilook waveform, greatly improving
the theoretical description of the waveform dependence on the sea
state and instrument parameters.

Index Terms—Radar altimeter, radar tracking, sea measure-
ments, signal processing algorithms, synthetic aperture radar.

I. INTRODUCTION

A RADAR altimeter measures the distance between the
instrument and a surface by recording the time delay

between the emission of a pulse and the reception of its echo.
Synthetic aperture radar (SAR) techniques were applied to al-
timetry in an effort to reduce speckle noise and improve along-
track resolution [1]–[3]. The SAR processing of a burst of radar
pulses focuses the instrument onto a set of narrow swaths across
the subsatellite track which partition the antenna footprint, each
labeled by a Doppler index and at a different Look Angle.
The swaths from consecutive bursts that are focused on the
same region are collected into a stack. Each stack contains
the measured backscattered power versus delay (across-track
range) for a set of Doppler looks (along-track positions). Such
a raw stack is imaged in the first quadrant of Fig. 1, while the

Manuscript received April 28, 2015; revised August 27, 2015 and
September 28, 2015; accepted September 29, 2015. Date of publication
October 26, 2015; date of current version November 11, 2015. This work was
made possible through the support of Saint Mary’s College of California and the
support of European Space Agency-European Space Research and Technology
Centre (ESA-ESTEC) through a Sentinel-6 P4 Ground Processor Prototype
contract with isardSAT.

C. Ray is with Saint Mary’s College, Moraga, CA 94575 USA (e-mail:
cray@stmarys-ca.edu).

M. Roca and R. Escolà are with the isardSAT S.L., 08042 Barcelona,
Catalonia.

C. Martin-Puig is with the National Oceanic and Atmospheric Administra-
tion Laboratory for Satellite Altimetry, College Park, MD 20740 USA.

A. Garcia is with the isardSAT Ltd., Guildford GU2 7YG, U.K.
Digital Object Identifier 10.1109/LGRS.2015.2485119

Fig. 1. Mean backscattered power of 100 stacks. In the first quadrant is the
raw power. In the second quadrant is the conventional stack which has been
compensated for the increase in slant range with outer Doppler looks (SRC)
so that the range gives the minimum distance from the subsatellite track to the
satellite. In the third quadrant, the stack after SRC and AC is plotted. In the
fourth quadrant, the stack after SRC and AC versus the DC range is plotted.

stack after slant range compensation (SRC) is imaged in the
second quadrant.

It has been shown in [4, eq. (43)] that the mean backscattered
power in a given stack cell with range index k and Doppler
index ℓ is well approximated by the function

Pk,ℓ = KBk,ℓ
√

gℓf0 (gℓ(k − k0)) (1)

where the basis functions fn(x) are defined as

fn(x) =

∞∫

0

(u2 − x)ne−(u2−x)2/2du. (2)

The factor Bk,ℓ is related to the antenna gain and backscatter
cross section, and the constant k0 is related to the sea sur-
face height; see [4, eqs. (32) and (38)]. The Doppler index-
dependent scaling factor gℓ is defined as

g−2
ℓ = σ2

g(1 + βℓ2) +

(
Hs

4Lz

)2

(3)

1545-598X © 2015 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.



Key progress points"
•  Proper SAR focusing (Egido and Smith, 

OSTST2015)!
–  Measured along-track resolution is ~0.5 meters i.e. 

what expected theoretically, !
–  focused SAR geophysical parameters noise @ 84 Hz 

is equivalent to the delay/Doppler noise @ 20 Hz, so 
for SLA noise the theoretical limit of 0.5cm at 1 Hz is 
in sight. !

–  However the coherent and incoherent scattering 
components could yet not be separated due to the 
presence of strong reflection from the ocean.!
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RDSAR: done and dusted?"
•  At the time of the Gommenginger et al’s review 

all processing options to generate pseudo-LRM 
had been identified and described!
–  no clear new knowledge since then on RDSAR 

generation!
•  The question will be which option(s) to use for 

Jason-CS – goes well beyond SCOOP!
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SAR altimetry Workshop in 2015!"
•  La Rochelle, Monday 31 October !

–  OSTST is Tuesday to Friday that week!
•  Chairs: F. Boy, P. Cipollini!
•  Expect SCOOP to feature significantly!!
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