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Doctoral School:
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Two suggested referees’ names and contact details for the
– Doug Vandemark
international evaluation of this proposed PhD project
– Craig Donlon
PhD’s title:

(with no ongoing work with the supervising team) :

Are there any reviewers you would like to exclude from
reviewing your topic?

-

Résumé en Français –
L’altimétrie Doppler utilise l’effet Doppler causé par le déplacement du satellite dans la
direction de déplacement afin de synthétiser une ouverture d’antenne et d’accéder ainsi
à une résolution azimuthale (Raney 1998). Initialement utilisé sur la mission Cryosat-2
pour des études sur glace, le potentiel de l’analyse Delay-Doppler (ou de synthèse SAR)
sur les océans a pu être démontré et il a été décidé que ce serait le mode par défaut
utilisé sur l’intégralité du globe pour l’altimètre Sentinel-3 et plus récemment sur
Sentinel-6.
Bien que plusieurs études aient mis en évidence les nombreux avantages du mode SAR
sur le mode traditionnel (LRM) en terme de résolution spatiale et de réduction de bruit,
certaines contreparties du mode Delay/Doppler ont aussi été révélées. Les vitesses
verticales à la surface de l’océan, qui ne sont pas prises en compte dans le processing
dégradent les performances du mode SAR. Il en découle une surestimation de la hauteur
significative des vagues en altimétrie Doppler. De plus, l’altimétrie Doppler est
également sensible aux longues houles dont l’impact dépend de de leurs périodes et de
leurs directions de propagation par rapport à la direction de déplacement du satellite.
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Les houles augmentent également le bruit haute fréquences sur les paramètres estimés
à cause des effet de recouvrement des grandes longueurs d’onde.
Le but de la thèse est de caractériser l’impact des vagues (dynamique et statique) sur
les signaux Delay/Doppler des altimètres. L’objectif est également de proposer et
développer de nouvelles méthodes permettant d’estimer les paramètres géophysiques
tout en prenant en compte correctement les effets des vagues. Cette étude devrait
permettre l’estimation de nouveaux paramètres géophysiques comme, entre autres,
l’estimation des vitesses orbitales des vagues. A ce jour, seul le mode “unfocus” du
processing SAR est utilisé de manière opérationelle dans les segments sol. Les
possibilités offertes par un traitement “Fully-focused” (FFSAR) seront également
investiguées.
Mots-clés : Etat de mer, vitesses verticales, delay-Doppler altimétrie, Fully-Focused SAR
altimetry

Profil de candidature souhaité – Le candidat doit avoir de solides connaissances en traitement
du signal. Des connaissances en méthodes de télédétections sont souhaitables.

English summary – 1200 characters
Doppler altimetry uses the Doppler effect caused by the satellite movement in the alongtrack direction allowing the spatial resolution reduction in this direction (Raney, 1998).
Initially implemented on the CryoSat-2 mission and intended for ice studies, the
potential of this Delay Doppler or SAR technique over the ocean was demonstrated to
such an extent that it was decided that the Sentinel-3 altimeter and more recently the
Sentinel-6-MF one would operate in this mode over the entire globe.
Although various studies have demonstrated significant benefits of SAR over the
traditional Low Resolution Mode (LRM) in terms of along-track spatial resolution and
measurement noise reduction, some downsides specifically to Delay/Doppler altimetry
have also been highlighted. Vertical velocities, which are not taken into account in the
processing, alter the SAR mode signal. Direct consequence is an overestimation of
significant wave height in Doppler altimetry. In addition to vertical velocity, Doppler
altimetry is also sensitive to long ocean waves with impact depending on wave periods
and wave propagation orientation with respect to the satellite track. Swell also increases
the high-frequency noise on the estimated parameters due to long wavelengths aliasing
effects.
The purpose of this PhD is to characterize the impact of sea surface waves (dynamic and
static effects) on the signal of the delay/Doppler altimeters. The aim is to propose and
develop new methods to infer the altimeter geophysical parameters that take into
account these wave effects . It can lead to new geophysical parameter estimation such
as, for example, the estimation of orbital wave motion. While only Unfocused SAR
processing is at present implemented in operational ground segments, further potential
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improvements using Fully Focused SAR (FFSAR) processing for sea surface waves will
also be evaluated.

Key-words: Delay-Doppler altimetry, wave vertical velocity, Fully focused SAR altimetry,

Preferred profile of the PhD student– Strong skills in signal processing. Skills in remote sensing methods are
welcome.
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Detailled Research Project (The scientific application has to be 3 pages long without
the bibliography which can appear on page 4).

1- Background and scientific/ technological context
Wave kinematics is of highest interest in coherent sensors processing steps using
Doppler signature to synthesize azimuthal resolution. Due to the increasing pulse
repetition frequency (PRF) of the new altimeters sensors , it is now possible to
synthesize an aperture along the path of the satellite (SAR processing) in order to
achieve a much higher along track resolution (Raney 1998, Egido et al 2017). This high
resolution opens new strategies and possibilities to better infer fine ocean surface
structures. However, this so-called “slow time processing” of the data is highly affected
by the sea surface motion leading to strong blurring in the azimuthal direction
(Buchhaupt 2019). This blurring is caused by the aliasing of the surface scatterers
having non vanishing vertical velocity. This, in turns, causes errors on the estimation of
geophysical parameters such as the significant wave height or sea surface height.
The wave geometry and kinematics have crucial impacts on microwave sensors
performances in both near-nadir and moderate incidence sensors. Peral et al. 2015
showed that waves are a major issue on SWOT performances. KaRIN instrument
onboard SWOT is a near nadir sensor (0-4 deg. incidence) operating in the same
microwave band than several of the currently operating altimers (Ka band). The planned
work of this PhD thesis will thus directly also benefit the SWOT project. In that sense,
Ifremer co-supervisors are already involved in two international projects linked to wave
impact on near nadir sensors performances (NOAA and NASA collaborations).
Wave statistical properties also directly affects the imaging process of traditional SAR
which operates at moderate incidence (~23-40 deg. incidence). A better consideration of
the wave characteristics in both the SAR processing chain and the retrieval algorithms is
also of great interest. SIAM scientists are strongly involved in numerous ESA projects
aiming to be better infer waves properties from different available sensors (SAR, Optical,
Fully-focused altimeters) on a large variety of sea sate conditions (from low wind speed
up to Tropical Cyclones) (MAXSS, SARWAVE).

2- Strategic positioning within the Department/Institute
The LOPS-SIAM laboratory is an international leading research laboratory in remote
sensing sensors with extensive expertise and multi-year experience on the combined use
of space-borne ocean remote sensing active and passive measurements for
oceanographic applications. Researchers at SIAM are specialized in the development of
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geophysical parameter retrieval algorithms and exploration of the full capabilities of
existing sensors.
3- Scientific objectives
The main objective is to understand and characterize the waves impact (vertical
velocities, non-linearities, ...) on coherent radar measurements. This work should not
only directly serve altimetry but also all sensors taking advantage of the coherent time
analysis, such as traditional SAR or SWOT-like instruments. It should also lead to a
better understanding on how waves affects Doppler measurements in other radar
configuration leading to the development of new observing strategies to measure ocean
kinematics including upper surface currents.
4- Methodology
We propose to conduct this thesis through the following steps:
1- State of the art
A thorough bibliographical analysis of all previous studies related to the subject is
necessary and will first be mandatory. This step shall help to fully identify leading
simplified assumptions presently used to analyze and interpret observations.
Studies using real data will be part of this thorough review, to identify cases to be
studied, possibly using new processing methods, but also to identify needs to extend colocations with ancillary observations and model outputs.
2- Analysis to fully characterize the sea state impacts on the measurements
Based on the results of the literature review in step 1, consolidation will be performed on
real data and simulated numerical developments. The aim of this analysis is to help fully
characterize the dependencies between the alterations of the estimates and the sea
surface parameters (from altimetry data themselves, from wave models or other
instruments as SWIM for example).
Various acquisition modes (SAR closed burst of Sentinel-3 or Sentinel-6 interleaved
mode) and SAR processing (Unfocussed SAR, FFSAR) will analyzed allowing the
evaluation of the impact of each phenomenon separately.
3- Theoretical analysis and new processing development
According to the bibliographic study and the previous consolidated analysis, a
theoretical-based development shall be engaged to try explaining the effects and
impacts, not fully explained today.
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In particular, radar scattering peculiarities, including up-waves and down-waves radar
modulation effects and their potential impact on range ambiguities will be evaluated. We
can also mention impacts of surface current, extreme swell or wave-wave non-linear
effects, all impacting the orbital vertical velocities symmetry and hence the range
estimate.
In parallel and in addition to the theoretical work, simulation tools will be used to verify
some of the conclusions of the theoretical study. This numerical tools, developed at the
finest possible resolution (order 0.1-1 m over 10-20 km), will serve as digital replica of
the complete altimeter instrument (raw signals, processing steps).
Based on this analysis, new SAR (adapted focusing) processing will be evaluated and
developed to take account for sea state effects and to extract new sea state information
from SAR altimetry. Validation will be performed again wave model and in situ data
(buoy and HR radar).

5- Resources at disposal for the PhD student for the duration of the research project
(human, technological…)
Altimetry experts in both Ifremer and CNES structure will supervise the PhD student.
Relevant bibliography, altimeter data (archive of all existing altimeters), numerical
simulator and High Performance Computing (Datarmor-NVIDIA/GPU, Hall) are available
at IFREMER and can be freely used during PhD course.

6- Expected results and valorization (publications and public dissemination)




Scientific publications.
New algorithms to be implemented in present-day and future data processing
chains.
New concepts, including intelligent compressive sensing new definition.

7- Originality and innovation
Led by a space-borne sensor coherent approach, this PhD work will lean on the existing
theoretical approaches in order to overtake the (too) limiting assumptions and extend
the understanding of the wave kinematic impact on the imaging capabilities of coherent
near-nadir and moderate incidence sensors. The PhD student will benefit from the large
in-house available altimeters (Cryosat-2, Sentinel-3/-6) data acquired over the ocean
operating in LRM, unfocused and fully-focused SAR mode. He will also benefit from
already available numerical simulations of radar instruments performed in the lab to
validate the theoretical derivations and to serve as a guide for the understanding of
data.
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A better understanding of the surface scatterers velocities impact on the altimeter
waveforms and, in fine, the SAR processing will help to derive specific tracking
procedures. This new wave kinematics-dependent analysis should, in turn, help to
reduce the errors on estimated geophysical parameters and open new observation
strategies (both instrumental and algorithmic) for future satellite missions.

8- Does the project come under the ABS Nagoya Protocol and/or does it involve the
use of genetic resources?
No

9- Does the project is submitted in the context of the ultramarine scientific strategy
(PAOM)?
No

10-Potential partnerships
Partnerships with NOAA (Alejandro Egido and Christopher Buchhaupt), CLS (L.
Amarouche), TU-Delft (P. Dekker-Lopez, M. Kleinherenbrink).

11- Provisional schedule
1. First year : Bibliography. Theoretical developement and introduction to numerical tools.

2. Second year : Analysis of Delay-Doppler Altimeter data (Cryosat-2, Sentinel-3, Sentinel-6)
3.

Third year : Developement of new strategies. Inspection of Fully-Focus processing. New sensors
alternatives. Manuscript writing.
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PhD supervision




Warning, at closure date, PhD supervisors and co-supervisors shall have no more than 2 other
PhD supervisions ongoing.
The PhD supervisor must be an Ifremer employee and accredited to supervise research (HDR).
Ifremer employees in position since 1st January 2018 with more than 5 years experience as
researcher, may submit a topic proposal but must commit to obtain research supervision
accreditation (HDR) within 3 years.

1- PhD Supervisor (accredited to supervise research)

Full name:
Professional Position and Speciality:
Ifremer Dpt./unit/ Lab:
Address:
e-mail:
Phone nbr.:

Jean Tournadre
Chercheur CIIB
ODE/LOPS/SIAM
1625 Rte de Sainte-Anne, 29280
Plouzané
jean.tournadre@ifremer.fr
0298224497

Experience in postgraduate student supervision

Names of postgraduates currently or previously supervised (Ifremer grants and others) from the past
7 years; PhD topic and defence date; Current employment situation (if known)
Liyun He Guelton ; « Émulation statistique de champs de vent à haute résolution » Soutenue
Juin 2014 ; bourse IMT Atlantique, chercheure chez Worldline Global, Lyon.
Nicolas Bouhier ; « Etude de l'impact des icebergs Antarctiques sur l'Océan Austral »
soutneue Décembre 2017, bourse CNES/IFREMER, Employé entreprise privée.
Anastasia Tarasenko ; « Mesoscale dynamics in marginal ice zone in Arctic », thèse
soutenue en Décembre 2019; bourse Campus France; POst-doc au Centre de Météorologie
Spatiale de Lannion
.
Victor Gressani ; « La surface océanique Analyse des données satellites microondes proche
nadir », thèse commencée en 2016, Abandon en 2021, bourse CNES/CLS
.
Clément Combot, « Mélange, restratification et absorption de chaleur dans le sillage des
cyclones tropicaux: processus et contribution des observations satellitaires », thèse
commencée en 2016, soutenance prévue en Décembre 2021 ; bourse IFREMER
.
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Marie Montéro, « Analyse intégrée de la Salinité de Surface à long terme dans l'Océan
Indien nord à partir de données SAtellites multi-capteurs et In situ », débuté en Novembre
2019. Bourse CNES

PhD supervisor signature
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2-

PhD Co-Supervisor

Full name:
Professional Position and Speciality:
Structure, Laboratory (Ifremer
Dpt./Unit/Lab):
Address:
email:
Phone nbr.:

Frédéric Nouguier
Researcher C1, Ocean Remote Sensing from
Space
Ifremer,ODE/ LOPS/SIAM
Ifremer, ZI pointe du diable, 29280 Plouzané
frederic.nouguier@ifremer.fr
0298224924

Experience in postgraduate student supervision
Victor Gressani (2017-2021). “Étude des propriétés géométriques de la surface océanique à partir de
données satellites multi-fréquence dans le domaine quasi-spéculaire”. Bourse CNES/CLS. Abandon
2021.

PhD co-supervisor signature
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Evaluation by Host (Ifremer Unit and Laboratory)
(service committed to accommodating and supplying the candidate with the resources and assistance
necessary for completion of the proposed project)

Estimated accommodation period:
Name of Head of Laboratory:
Comments:

Head of Laboratory signature

Name of Head of Unit:
Comments:

Head of Unit signature
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Evaluation by External Unit/Laboratory (University, Research Institute, Technical College…)
(service committed to accommodating and supplying the candidate with the resources and assistance necessary
for completion of the proposed project)
This section does not concern the short mobility (1-3 months) of PhD students in external laboratories. It only
concerns theses in co-supervision between two laboratories.

Name of supervisor 1:
Host structure, Unit/Laboratory/Department:
Address:
email:
Phone nbr.:
Estimated accommodation period:
Comments:

External supervisor 1 signature
Name of supervisor 2:
Host structure, Unit/Laboratory/Department:
Address:
email:
Phone nbr.:
Estimated accommodation period:
Comments:

External supervisor 2 signature
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Evaluation by Project Manager/coordinator (if the PhD project is subject to contractual obligations)

Project title:
Full name:
Structure, Unit/Laboratory/Department:
email:
Comments:

Project manager/coordinator signature
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